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ECONOMIC RESOURCES OF THE NORTHERN BLACK HILLS.
PART L—GENERAL GEOLOGY.

By TroMmas Aveustus Jacear, Jr.

INTRODUCTION,

The mining district of the Black Hills. comprised within the Spearfish and
Sturgis quadrangles. was surveyed geologically in the summers of 1898 and 1849
under the direction of Mr. 5. F. Emmons. The following puges present a brief
summary of the geologic features. more especially with reference to ore-hearing
formations. These are confined to the Algonkian and Paleozolc strata and their

agsociated eruptives.
- BIBLIOGRAPHY.

Descriptions of the general geology of the Black Hills may be found in the
following publications:

1. Explorations in Nebraska and Dakota 1n 1855, 1856, 1857, by G. K Warren, Engineer Depart-
ment, IJ 8 A, 1875, p 30

2 Geologleal report of the exploration of the Yellowstone and BMissoun nivers, 1859-60, by F V.
Hayden, 1869, p 42.

3. Geological report on the Black Hille, by N. H. Winchell Report on a reconnaissance of the
Black Hills of Dakota made in ‘the summer of 1874, by Wilham Ludlow, captain of Engineers,
U 8. A, 1875, pp. 17, 37

4. Report on the geology and resources of the Black Hills of Dakota, by llenry Newton and

~Walter P Jenney' U 8. (reog. and Geol Surv Rocky Mountamn Region, 1880, pp 189, 219, 283

5 Geology of the Black Hill: of Dakota, vy W O Crosby. Proc Boston Soc. Kat Hist , vol 23,
1888, pp 488-517, vol 24, p 11

6. Notes on the geology of the Black Hills, hy F R Carpenter Preliminary report of the Dakota
School of Mines upon the geology, mineral resources, and mills of the Black Hille of Dakota, Rapid
City, 1888

7 A contribution to the genlogy of ‘the northern Black Hulls, by John Duer Trving. Ann. New
York Acad Scu., vol 12, No 9, p 1587 et seq

8. The laccoliths of the Black Hills, by T A Jaggar, jr. with a chapter 01‘1 experiments 1llue-
trating intrusion and erosion, by Ernest Howe «Twenty-first Ann Rept U. 8. Genl Survey, pt 3,
1900, p. 163,
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9. Preliminary description of the geology and water resources of the scuthern half of the Black
Hills and adjoining regions in South Dakota and Wyoming, by N. H. Darton: Twenty-first Ann.
Rept. U. 8, Geol. Survey, pt. 4, 1800, p. 489, i

10. The Oelrichs gquadrangle, by N, H. Darton: Geologic Atlas U. 8., folio 85, U. 8. Geol,
Survey, 1902, . . - .

GENERAL STRUCTURE.

The Black Hills are well known to constitute the type of dome structure.
They rise like an island in the midst of the Great Plains, with culminating peaks
of pre-Cambrian granite intrusive in Algohkian schists, and ﬂ{ese same schists and
granite may be followed outward from the ~xenter of.thé Hills to an encircling
escarpment ‘of Paleozoic rocks dipping away on the northern, southern, and eastern
sides, and mantling: over the schists to form an extensive forested limestone platean
on the west. The center of acfivity of the younger porphyry intrusions and of ore
deposition is Terry Peak, a summit rising 7,069 feet above the sea, in the northern
portion of the schist area exposed on the eastern side of the uplift. Northwest,
porth, and northeast of Terry Peak oceur a large number of intrusive bodies in
beds ranging from Algonkian to Benton Cretaceous. The structure and forms of
these igneous bodics vary chiefly with the horizon of intrusion.

TOPOGRAPIIY AND DRAINAGE.

The drainage of the ndr_fhet_‘n Hills follows in general radial courses conse-
quent. upon the original slopes of the uplift as a whole. Where erosion has gone
~deepest this drainage has become modified by the development of valléys along
the softer rocks, and, in consequence, subsequent valleys having courses concentric

" to the dome tend to,follow along the strike of the Paleozoic and Mesozoic beds.

The most conspicuous of these valleys is the well-known Red Valley, which forms
a continnous dépression around the Black Hills uplift. |

Four streams drain the Terry Peak cruptive ceater, flowing east, northeast,
and north; these are Klk, Bear Butte, Whitewood, and Spearfish creeks, The
drainage system of each of these has eroded away strata which capped igneous
intrusives; and the -porphyries, by reason of their more resistant quality, usually
form prominent eminences above the general level.

The westernmost of the streams mentioned, Spearfish Creek, forms for 20 miles
an, impressive canyon in the-limestone plateau, from which the stream 'emerges
into the Red Valley at Spearfish. For a portion of its course this stream, which
is to-day one of the most powerful in the Hills, flows along the contact of the
Algonkian schists with the basal beds of the Cambrian; above the mouth of Annie
Creek the stream leaves the Jast outerop of schist, and from here to the mouth
of Robison Guleh, under- Spearfish Peak, flows on Cambrian heds, cutting into
porphyry masses at Annie, Squaw, and Rubicon gulches; then, entering the zone
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ot north-dipping Paleozoies, progressively cuts 1ts way across Ordovician, Carbon-
iferous, and Permian beds hetore emerging on the Triassic lowland of the Red
Valley (See P1 1)

Whitewood and Bear Butte creeks which flow to the n'mtheast, traverse a
more varied topogiaphy hetoie they emerge from the Hills They take their ri-e
among Cambrian strata and porphyrie~, and thetr headwater bianches have assisted
In carving out the noithein portion ot the exposed Algonkian core ot the Black
Hills uplitt Through poitions of their courses deep V-shaped gulches have heen
cut 1n the schist-. and wall canyons in the Carboniterous himestone Each tor-
mation m tuin ha- 1ts Lhﬁla’(‘,tﬁll\tlb eto~1on foim, which varle- hitle throughout
the noithern Hill-, and 1> u-uallv diectly dependent upon 1its 1elative capacity
tor resisting erosion Indeed, the diamnage as a whole, while 1etaiming conseguent
coursey in genelal for the master stre(tmq\, shows mwany modifications hy adjustment,
more especially 1 the tributary branches, and occasionlly striking instances ot
capture are evident -

Elk Creek, flowing east, dramns on the south the high Algonkian platean land
which marks a portion of the aren of maximum uplift The upper portions of
its course ate characterized by broad meadow hottoms and gentle slopes from
upland ““flats™ con-isting ot Cambiian or porphyiy caps over ~chist, Where the
stieam enter» the lime-tone, which 15 here of extraordinary thickness, a magmh-
cent canyon with vertical walls riving sheer trom 200 to 400 feet has heen cut
Through this canyon the engineers of the Black Hills and Foit Pierre Railioad
have built one ot the mo-t pictuie~que 10outes ot trarel in the country Steamung
thiough this 1mpre-sive gorge the tiaveler moving eastward finds 1t difficult tor
some time to discover any considerable dip 1 the massive limestones, which
tetain for several mmle~ the appeaiance of unmifoim thickness i the preupitous
chitts that wall in the torient Eventually. however, the tanyon widens out and
the limestone cliffs are replaced by bright-colored heds ot the Minnelusa ¢ alternate
sertes,” and then suddenlv the characteristic gateway ot Minnekahta himestone 1s
passed and the timin emerges into the broad lowland of the Red Valley with its
1ed mails and tilled fields

TOPOGRAPHIC TYPES

The Algonkian «chists torm flat uplands, and when they occur as massive
upturned guartzites freguently jut out in colomsal walls  Near Elk Cieek one of
these quartzite walls may he tiaced tor miles, strongly 1e-embling a dike Else-
wheie the Algonkian forms the bottoms of streams that have cut through the
softer (ambrian beds, o1 torms with 1ts characteristic steeply 1nclined banding,
the ~lopes of steep gulches, ike Whitewood Cieek along the line of the Burling-
ton Railroad The many branches ot the raillway systems afford excellent <ections
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of the Algonkian as they wind in and out along gullies and spurs to maintain
their grade, and these railway branches and loops are now so numerous in the
mining district az to form a conspicuous artificial feature in the topography; the
saine may be said,of the innumerable tunnels and prospect holes with their
dumps jutting out from the steep gulch slopes, the size of the dump an index of
the depth of the digging. Thanks to this artificial “‘honeycomb™ underground
and the clean railway cuts above, much is now exposed to the geologist that was
completely masked twenty years ago.

The Cambrian section, where exposed benecath a protecting cover of lime-
stone, frequently forms wall cliffs of red and brown color, striped parallel to the
stratification, one notable red band in the upper part of the formation being
conspicuous in many places. The type locality occurs on the west side of White-
wood Creek, just below Deadwood. Where its protecting limestone cover has
been eroded away the Cambrian isx likely to weather into rounded forest-covered
hills of inconspicuous outcrop, like those oceurring south of Elk Creek in the
vicinity of Meadow Creek. Immediately heneath the Ordovician limestone the
Cambrian usually forms a bench, occusioned by the hard and salient ** warm-
eaten” (Scolithus) quartzite jutting out from beneath thick, soft, green shales
(see tig. 1), . :

The Ordovician limestone. in consequence of this relation and of another shale
band above it, is frequently masked by talus, hut, where its thickness is sufficient,
forms a yellow hench, wel]l shown in Whitewood Canyon on the route of the
Fremont, Elkhorn and Missouri Valley Railroad. This bench is rarely seen west
of Deadwood. and the Ordivieian is difficult to identify in Upper Spearfish Canyon.
It occurs north of Annie Creek ut several points in the canyon, at Crown Hill,
and at Carbonate. .

The Pahasapa formation, equivalent to the Madison limestone' of the Rocky
Mountains, is naturally the principal cliff-maker, and its escarpment forms a con-
spicuous feature in the landscape cverywhere. A more irregular and variegated
cliff. colored purple, red, and white. and presenting one of the most picturesque
color effects, is made by the Minnelusa sandstone, forming the *‘sand hills™
encountered in drivang out from the Hills just before reaching the Red Valley.
The sandy soil of the Minnelusa frequently produces holes and sund in the roads
wlich traverse this zone. '

. The Minnckahta limestone of the Permian forms one of the most striking
topographic features of the Hills. Dipping away with wonderful uniformity from
the uplifted dome, the outflowing streams mvariably cut through it a V-shaped
gateway, making in the interstream spaces crescent-shaped searps of the 30-foot
limestone over the soft red sandstone that underhes it. The outer slope of the
jointed limestone is usually washed bare and on the inner side of the Red Valley
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forms what has been aptiy called a tessellated pm’emcnt- The - Red Bed=” them-
selves rarely present good exposutes, though oceasionally the strewmns which
meander through the valley cut them nto small hutres or mewus. capped by gvpsum,
which exhibit a bedded cross section. Such a section may he seen east of
Whitewood. .

Continuing outward from the Hills, the Jurussie beds outerop on the inface
of the Cretaccous escarprient that makes the outer wull of the Red Valley. and
a conspicuous feature of 'these heds in the Stgis districs s a hard quartzite which
forms angular blocks upen the slope. The crest of this slope i~ usually a rock
fuce of coffee-colored or yellowish sandstone of Lower Cretacceous age. This
sandstone slopes away toward nregular hills formed of other wembers of this
series.  The Dakota wandstone is the Jast hard. salient bed, and this in turn dips
gently beneath a wide. atid tract of DBenton black shale, the monotony of which
iz broken only by distant buttes of Niobruia lmestone that appear upon the sky
line far out across the plams.

N STRATIGRAPHY. '
DYNAMIC SIGNIFICANCE OF STRATIGRAPHY.

In the colummnar section. fig. L, are shown the average thickness and lithologie
chatracter of Paleozote and Mesvzoic 1ocks.,  In connection with the mterpetation
of dynamics of intrusion and accompanying mmeralization, the distribution of
thin-bedded and thick-bedded strata in the columu is of great importance.  Irving
has shown the importance of shale beds as favorite horizous of wtruston: they
are the readiest to vield to a viscous wedge of igneous matter. The colummu
section shows three thick beds of soft material, one at the top of the Cambrian,
the Permo-Trassie red beds, and the Benton shales.  The fivst underlies the most
massive “tcompetent” member of the whole weries—i. ¢ the great limestone.
including both Ordovician and Carboniferous.  The lower 1¢d bed underhies the
massive layer known as Minnekabta or purple lnnestone. which 1 overlain by
easily deformed thick heds of 1ed mal. while the ~oft. hlack Benton shales
underlie the Niobrara limestone .

In addition to these three conspreuous shale horizons, other stratigraphie relations
which would tend to influence intinsion are as follows: The Algonkian Jaminution
ahut~ abruptly upward against the hard basal Cambrian quartzite or conglomerate,
and this same lamination, while faitly uniform in its stiike (NNW L varies in ey
inclination east and west of the vertical, though 1t I prevulingly westerly in the

Terty Peak region. An example of change w dip of the sehists occurs at Centrul,

wiilhs, Baloy, The mechanics of Appaluchian siructure, Thirteenth Ann Rept U = Geol kurvey, pto2 1sw2,
p 250 “A thrusting layer mr:; enough to tronsmit the effective force’ 1 strata toldmg under lateral compression 1
called & eompetent” stratum  The same word may be apphed to a cratum resistant to the upwand progress ol an
mtrosiyve magma, and thys competont to dome upward 1ather than split and mash Like chale

P87 —No 26—04 2
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in Deadwood Gulch, nearly opposite the De Smet open cut.  (See scction, p. 83.)
Throughout the Cambrian, thin-bedded paper shales alternate with flags and sand-
stones, forming innumerable thin parting planes. " Thin shales oceur also above the
Ordovician and in the Minnelus:}, Jura, and Lower Cretaccous,

VARIATIONS IN THICKNESS.

The columnar section (fig. 1} shows avernge thickness for the northeastern part
of the Black Hills. These figures are generalized from sections measured in Spear-

Formarion, fish, Whitewood, Bear Butte, and
and qrerage i
rhickness Elk canyons, The progressive
o varigtion in this series of meas-
] . ) - . . v
Penton spaerr |0 urements, which is most signifi-
B Dohots S¢-100 33 . s R .
b cant in connection with the in-
Lower
3 . . . .
: iy trusives, is shown in the dia-
. Morersan shate 119 grammatic sirile section (vertical
$6-75 4 o
ECEY ] o iy watl [+ . _
! v s00-2s0|[53 exaggeration X 2.3) from north
grpseor o 179 west bo southeast inserted on the
Red marls ] - . -
250 ¢ -map, PL I From a thickress
. z
gﬁ@%ﬁﬁﬁi’aﬁg £%  at Beaver Creek of probably not
Fr el & R
Saceparoidal morve than 400 feet, just west
Sgrdstore 2o0 R
At o of the mapped area, the Siluro-
Yarternate? I S ifor T S TR
series 200 £ Carboniferous massive litnestone,
MinpeluSa s .l
s £ grouped as a single competent
Sgrdstone /00 g
Cray i member, thickens to more thun
fimestonsg - . . n
zce-700 700 fect in Spearfish Canyvon.
" = .
% Pinkbimestone) The Cambrian beds maintain
4 Jpgr 214 E . .
o st A5 - throughout this region a rather
z R S e 52 ,
X 7 H uniform thickness, but probably
& ] -Sfra/e?.fla?oéy T . R .
& g;z,g,};’gggg H diminish where the limestone is
s Shale sad limestore 30| ¥ thickest. Thereis some evidence
cong/ogvera.’e ]
i 4 that the present course of Spear-
<

N. B.—Th¢ beds here designated Silurian have recently been deter- U100 of a g‘elltlo Sync]lne of
mined t.o-be]cmg rather to the O'rdovl(:mtl. depOS.itviOIl under the gt‘eut l_ime-

stope. For this reason the thicknesses in the section have been referred to an upper
datumi level, namely, the top of the gray Pahasapa limestone.

The Algonkian sarface thus sectioned is seen to be warped into undulations.
That some such undulations occur, and of much more pronounced relief than that
“represented in the section, is amply proved at several points. One of these Is
between Englewood and Nevada Gulch, where there is a rise in the Algonkian-
Cambrian contact of 400 fect in a northwest direction; that is, along a line tangen$

-

fish Canyon marks the axial’
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to the curvature of the elliptical arca of the Black Hills uplift. Similarly the schist
surface bencath the Cambrian at Brownville, on upper Elk Creek, shows a very
rapid rise westward toward Woodville. Coarse Cambrian conglomerate fills hollows
between ancient Algonkian quartzite reefs on the upland 4 miles southeast of
Virginia, on Bear Butte Creek, so that irregular relief in the original Algonkian
surface, as well as irregularities induced by deformation, may be safely postulated.
Warping of the schist surface in post-Paleozoic time probably procceded Targely by
small slippings on lamination planes. These movements, when communicated to
thc flat-lying Cdl[lblldn beds above,  produced innumerahle small fractures—the

¢ verticals ™

of the mines. The coincidence in trend between verticals and Algon-
kinn lamination planes (NNW.) is remarkable. . The thickness of the Algonkian is
unknown, but there is good reason for supposing that its nearly vertical structure
marks a series of isoclinal folds in which eventually some recurrent horizons nizly he
identifisble. As is to be expected in isoclinal structure, the schistosity usually
conforms to the original bedding, but in places where the axial region of a fold is
‘exposed the lamination is scen to be distinetly transverse to the bedding, as in
Doa,dwood Gulch, near the town of Central. (See P'l. 111)

East from Spedrhsh Canyon the great limestone shows a remarkable thinning,
from 700 feet to n total thickness of probably not more than 100 feet on the flanks.
of Polo  Mountain, a distance of 6 miles, The Cambrian thickens, but not in the
same proportion; at Deadwood it has a thickness of between 400 and 500 feet.  From
I’olo Peak, where the limestone stratipraphically overlies the greater porphyry madses
of the Terry Peak complex, this massive member steadily thickens southeastward,
reaching 300 feet at Whitewood Canyon, about 500 feet in” Bear Butte Canyon, and
probably more than 800 feet in Etk Creek Canyon.  The Cambrian beds thicken at
Bear Butte Creek, and then -thin away to between 100 and 200 feet south of Elk
Creck; und farther south, on the-flanks of the Harney Range, the Caumbrian ‘alimost
disappenrs.

Summarizing this section from Beaver Creek to Klk Creck, the thick limestone

in Spearfish Canyon separates two areas of igneous irruption and Algonkian elevation,
namely, the Bald Mountain and Nigger Hill mining districts.  The Terry Peak center
of irruption underlies the thinnest portion of the limestone. The Two Bit region of
maximum development of sills is where the Cambrian is thickest, and the Runlkel
region of large porphyry masses in and above the limestone is where the Cambrian
thins and the limestone hecomes thickest, A study of the map will show these rela-
tions, The Nigger Hill Algonkian area lies out51de of the mapped area, on the west.
(Sce PL. 1.) :

The paleontologic, lithologic, and topogr aphlc characters of the geologic column
are hest expressed in tabular form. Local formation, names "are avoided except
where already in the literature of the Black Hills.



Geolugre forinations m northern Black Hills

Period Fpoch
Quaternary ... foccocaooo-.
Tortiary _._..... Focene? ...

(Oigo-
cene )

Cretaceons

Jnrarsie

Triagsie

Peiman_ .

Formation Tathologie « hinracter Topographie «harweter Fossils
.................... Stremm gravels, probably carrving placer | Fills gaddles and hol-
zold in places. lows, usually divides,
. seattered bowlders on
the plains ‘
Wihate River ... .. Clays, white, pink, or buff  Small frag- | Similar to above, but | Vertehrate reains,
) wments of white rh_\‘ullt'{- i conglomer- lews abunddant  Often Merohippus, Tsehy-
at1e layerps under the Tlewstocene Tomvs typs
gravels
lenton shale_...... Dark shalesorebay oo o .. ... ... Plawns, ... Fish weales and teeth.
bBakata sandstone - | Brown sandetone with Iunonitic nadnles. .| Onter esearpments of | Plant 1emaims .

l Lower Cretdieons <.
.

’ Marrison

]\Tmmc Jura .

[TRE]

ted Beds™

Yhnnckabita lie-

stone

RBandstones, buff, white, and grav, lhe-
stones, colored elays, green shale, car-

banaceous beds

Fresh-water depoaits, green <hales, sand-

stones and clays

Buff marl, sandstone, oveter lime<tones,

4
green amd red elayes, miarls, and shales

ted marl with gy psum

Uniform parphish handed himestone, weath-
o153 white, strong bitummons odor when
cinshed.

Black Hills

Crest. of outer wall of
Red Valley and 1rreg-
nlar hills and escway-
ents

An neonspreuons hed
1n outer wall of Red
Valley

Lower outer

beds

wall of Red Valley

Red Vailey ...,

Teselated paverent on
mner slope ot Red
Valley, escarpoient
andl ‘gateways’ of
streams,

Plants, cyeads, ete

Haurian reinans

.

Ostren,

Trapesiun:, Prendo-
} f

Belemmtes,

monotis, Tancredia,

lan-

[
Cardioceras,
yula brevirostris

Bakewelha, Yalidi?

Edmondia?

‘STTIH

0&.

STOYN0sEd DIKONOOH

MOVIL NYHHIEON 40



Carbomferons. .

Ordovician . ..

Canibrian

Algonkian

Lower red bed .. _.
Minnelusa, ... ..__.
Pahasapa, cguiva-

lent to Madison ot
Rocky Mountsins

Englewond Jime-
stone, Eocarbon-
terous, eqiiya-

lent to Lowest

Mississ1 a0

{Choutean ot

Fmderhook}

Whitewond lime-
stone, equivalent
to Upper Trenton

Deadwood Forma-
tiow, equnalent
to Aiddle Cam-
brian of ihe
Rocky Moun-
tans

Redd sandstone, soit and warly

Alternate lonestones and thicker sand-
gtones, somew hat colored
Magsive limestone, gray, pink, or butf,

sometiies cherty  Sometines silicthed

and ore bearing

I'mk or purphsh thin-bedded Tmestone

with 1ed non-staned fosal mollusks

Purple or green ghales below.

Peculiar spotted wmassiy e Innestone, wsnally
bufl with Trrown o1 reddssh spiots, sandy.,
Very laige fossils, .

Conglmnerate, quartzity, ferruginous samd-
stones, many alternations of green shale,
lunestone  biceecias, inconlal lunestone
Hlags, at the top Scolithus sandstone ot
quattzite, amd thick green shales Ores
commonly near the huase.

Mica, graphite, and hornblende schusts,
metamorphic quartzite and conglomer-
ate, and gome pre-Cambran intrusives
Locally pyntiferous and carymg fice
gold

Tnner slope of Minne-
kahta esearpment

Vategated stiped chitfy
and sanidy lulls

Massive Jhiffy, the

greater escarpment

Frequently  conceualed
Teneath tulis Shows
un appuient  nneon-
fornuty of erosion be-
tween ttad the gray
Irmestone above,
though dip s accord-
ant

-ty masked
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INTRUSIVE PORPITY RIES

LITHOLOGY

The porphyties vary in kind fiom rhyolite, dionte-porphyry, and syenite-
porphyry to more alkaline 1ocks, which may be classed as phonohtes and groru-
dite~ Tiving¢ has desctibed many ot the types, and there 15 hete a rematkablo
sertes ot gradations which renders the 1egion exceptionally tavorable for study of
magmatic drfferentiation  He has distinguished the tollowing tamihes

7101 udite —Highlv alkalme rocks containing orthoclase, quartz, egirine-augite,
and egitine  In <ome types accessory alhite, microcline, and hotite  Localitres
Terry Peak, Bald Mountain, Elik Mountain, Lot Camp Cieek, Anme Creek, sheet
on the Burlington Raihioad east of Terry Peak, and 1n the Sunset mine

Phonolite —Rocks 11¢h 1n ~oda, torming the more hasic phase of the groiudite«
Composed ot orthoclase, anorthoclase, mrcrochne, egirine-augite, ®girine, nepheline,
noscan with accessory haujne, hotite, magnetite, titamite, melanite garnet, and
posably leucite  Localities Ragged Top Mountain, Squaw and Annie cireeks, Cal-
amtty (Guich, Mato Tepee, Green Mountain (peak next west of Bald Mountain),
Whitetail Gulch, east slope of Bald Mountaw, and False Bottom stock

Blyolite-porphyry and  ducit. —Phenourysts of orthoclase plagioddase and
quartz 1n a fine-gramned groundma-+ ot uartz and teldspar. hoinblende and biotite
in varying amount~ Localtties Head of Squaw Creek, Foley Peak, Texana, Custer
Peak, Butcher Gulch, Deadman laccolith, north mide ot Vanocker laccolith Two Bit,
Pluma, Bear Butte. lower poirtions ot Shecp Mountam, Whitewood Canyon laccohith,
dikes 1n manv portion~ ot Teriy Peak distirct Crow Peak Inyankara, Sundance
Mountain, and Warien Peaks

Andesite-porpliyiy deoritepor plyry, and diorite —Porphyritic rocks containing
phenociysts of pligioclase, o1thoclase, hornhlende and hiotite 1n a fine-giamed
groundmass of plagioclase, quartz, and chlonite  The 1ock shows tfran<itions to
trtachytic toims which mav be called syenite-porpbyry  Localities Sills 1in Squaw
Cieek and 1 Rubv Bawn, at the Needles, and in the 1egilon ot the Vanocker
laccolith

Diorite forms the Deadwood Gulch stock above the town of Cential It 1s
a gray 1ock of gramtuid texture, <howing a tendency, however, to automorphism
1n the component minelals, 1t contains hornblendeé, plagioclace, quartz, biotite, and |
accessory ot thoclase

Lamproplyre —A basic 1ock 1 small dikes cutting the dionite-porphyiy of
the Needles, and agam near the head of Iton Creek, 1t 15 composed of a tine
automotphic aggregate ot augite and teldspar, with accessory hornblende and
magnetite  Trving considers 1t the final and basic representative ot the soda-1ich
magma that constitute- the principal Black Hills eruptive series

alrmvmg T D Annals hew York Acad a1 vol 12, ho 9, p 24 cbeg
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INTRUSIVE PORPHYRIFS 23

It will be ~een t1om the above that the 1ocks 1epresented i1e not unlike many
others that have been desciibed tiom laccohithre mountans ot the Rocky Mountain
region,” and 1t 15 not posshle at present to state positivels whether o <haip dis-
tinction, markmg different eruption periods, may be diawn between the phonolite-
grotudite and the 1hvolite-andesite magmas  The evidence points 1ather to a
gradual tian<ition between the two  The term- thyolite and phonolite are untor-
tunately associated with extiusion, and 1t might he less confusing to speak ot these
rocks n~ gramite-porphytles and monzomte-porphyiies, but then stiuctme would
hardly wartant such a terminology  In distribution the dike 1egion ot the schist
area contains hoth phonolific and 1hyolitic 10ch~ the sills ot Two Bit and Squaw
Creek districts ate m general andesite-porphviy and dionte-porphyiy, the outlying
thick “plug-hke laccoliths, as well a~ & gieat pottion ot the gireater Tewry and
Beailodge cumpl’exes ate mostly thyohite  But over the 1hyolite on many hills,
a~ Tetry, Deer, Bald, and Sheep mountain« ocemr phonolitic cap~ and the mass of
Ragged Top, the Speaifish Peak group ot laccoliths m the Carhoniterons, and Mato
Teepee are phonolite  The dioiite magma 1~ 1epresented hy a great ~tock 1n Dend-
wood Gulch, and it poiphiyiv torms the mass of the Needle- to the west and
portions ot the Vanocker laccolith to the east

- RELATIVE AGE OF PORPHYRIES

Differences 1 relative age among the puiphy ties cettainly ocenr 1t the transee-
tion ot one dike by another may be conndered condusive evidence that the ~econd
15 rounget than the fitst This evidence however, has no concluvive value m a
single instance fot one poition ot + magma might 1eadily erystalhize wnd ~pht up
to recene later 1f1]ect10nq of dilerentiated matenal otiginallv put of the <ame igne-
ous fluid  Between the soliditying of No 1 and the wnjection ot No 2 the time
elapsed may uot have been gieat enough to cover the whole perlod ot -ohdihca-
tion ot the larger masses of No 1 If this were tive a later 1njection of No 1
might elsewheire cut an alieady -olidified body of No 2, m' which case the
apparent telations 1 age would be r1evcised  The preponderance of evidence
would seem to show thit in the Black Hills the phonolite magma as a whole 15
younger than the ithjohte magma

Many occurrences 1n the feld ot dikes of one kind of poiphyiy cutting
another may be wted In the Two Bit distint the gieater masse~ of svenite-
potphyiy vary fiom a hornblende tfacies to one characterized chiefly by laige
orthoclase phenociists with poikilitic inteigrowths ot plagioclase ind  other
mineials  Iikes which eut this tock are 1n genaal like the mass ot Bear Den

aSeq, Cross, Whitman, The laccolithic mountain groups of Colorade, Utah and Anzona Fourteonth 4nn Rept U 9
Geol Survey, pt 2, 1893 Also Vieed and Pirwon Judith Mountains of Montana Fightecnth Ann Rept U < fruol
Survey, pt 3, 1898
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i\ioun't:lin, which iIs an outlying subordinate laccolith. They ave of frachytic, 1ig“ht.-
colored porphyry, showing pink microcline /phenocrysts. They may bear some
relation to the phonoiités. A similar rock with amber-colored feldspar phenocrysts
in a gray matrix _cuts finc-grained white aphanitic rhyolite in a small dike on
the Terry hranch of the Fl'en-lont, Elkhorn and- Missouri Valley Railroad, on the
spul hetween Fantail and Nevada
gulches. (Fig, 2.) Near Alkali
Creek, on the divide from Van-
ocker Creck, numerous dikes cut
the fine-grained rhyolite mass.
These are n purplish trachytic rock,
with glassy feldspar phenocrysts,
showing striation *(probably oligo-
clase) and a decomposed bisilicate.

Other cages of the rock with pheno-
Fiq. 2.—~Green phonolite cutting rhyoliteporphyry, Premont Rail  crystic pink (mierocline) feldspar
rond, fiewr Sevada Guleh- cufting the rocks of the rhivolite-
andesite serics- cccur on the spur south ot White Rock, just above Deadwood,
and on the ridge west of the head of Spruce Gulech: Near the sawmill north of
Kirk Hill a gray rock contiinitig much mica and yellow feldspar occurs as a dike
butting light-gray rhyolite which shows some hornblende. It is probable that these
are mostly phooolitic rocks which cut rocks of the rhyolite-andesite magma,

=§3§gg
limgstong
breccias

20 FEET

B
Fie. 3.—Rhyolite cutting green porphyry near Aztee,

Irving has described four cases of phonolites cutting quartz-porphyries and
diorite-porphyries. ‘ _ .

A very unusual case (fig. 8) is shown in a section near Aztec, on the Burling’ton
Railroad (Speartish branch). ~ Here a mass of green phonolitic phorphyry is
apparently cut by an irregular swelling intrusion of white rhyolite of the fine-
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_grained. decomposed type so common in the region. Both occur, as shown, at a
sloping dike contact with Cambrian shales. All the evidence in this case would
show the rhyolite to be the vounger, or contemporaneous with the phonolite.
The second alternative is the more probable. The two magmas may grade into
each other, and in this case perhaps the green mgirine rock was still viscous when
the stream of. white rhyolite was injected throungh it. It is hoped that more
extended study of the petrography of the region will throw light on these relations.

GEOLOGICAL AGE OF PORPHYRIES,

The geological age of the porphyries may he .fsta'ted in only the most general
‘terms. The Bear Butte and Little Missouri Buttes laccoliths were intruded into
Benton Cretaceous and were unquestionably covered hy Niobrara lmestones.
- Jenney has found pebbles of Black Hills porphyries in the conglomerate at the
buse of the White River beds to the southeast, and similar fragments occur in the
Tertiary beds at Lead. The Lead Tertiary clays (Oligocene?) are deposited in an
old topography 1,800 feet below the present porphyry summit of Terry Peak and
on divides 300 feet above the adjacent gulches. As these clays were flood-plain
or lake (?) deposits, of a mature stage in the early Tertiary dissection of the region,
an additional 200 feet may be considered a most conservative cstimate of height for
the original porphyry upper limit of the Teiry Peak Mountains. This porphyry
at the time of its intrusion was covered hy a thickness of strata not less than
that of all the formations below the highest beds invaded; a minimum estiinate
would make this not less than 2,500 feet. This would imply a total thickness
of rock eroded aqu 'tbmc the present Ter tiary beds at Lead of 4,500 feet {2,000
erosion - 2,500 thlcl\ness) accordingly, the later limital epoch of the intrusion
period may be ezpleased as the beginning of a 4 500-foot erosion period prior to
the. Oligocene, while the earlier limital epoch 1:, the Nobm.m Between these
there is the choice of Pierre; Fox Hills, L(uannp dnd Eocene times for the

intrusion. ! )

-By analogy with t;he Rocky Mountains the greater uphft 11’1 ‘the Black Hills
probably took place atter the close of the Laramie. The onlv evidence in the imme-
diate vieinity of the Black Hills bearing on the question Whethel Laramie beds ever
extended over the present site of the hills is the fact, that, they are tilted up by the
Black Hills uplift on the west side; if they did so e\tend they may have attained a
-+thickness of several thousand feet. The thickness of the Jura-Cretaceous below the
Laramie iz 4,000 feet.® If the first uplift of importance was in Eocene time and
Laramie beds were present, the erosion depth. at Lead may be increased- by several
thousand feet. There are analogous intrusions of Eocene age in the Rocky Moun-

aThe writer is indebted to Mr. X, H. Darton for data and discusgion on this question.



28 ECONOMIC RESOURCES OF NORTHERN BLACK HILLS.

tain district in sufficient number to render very probable the oceurrence of igneous
activity, concomitant with uplift, in the Black Hills at that time. That orogenic
disturbances took place concomitant with ntrusion is proved by the relation of
the Algonkian-Cambrian contact to the porphyries at many places, the latter filling
fault fissures. After the energetic crosion that led to deposition of Oligocene beds
and prohably reduced the topography of the Hills to much lower relief than that
of the present day, “there was a further uplift, which has given a very strong
tilt to the White River deposits.”¢ No porphyry now revealed can have accom-
panied this last uplift, which may still be in progress. By this last movement the
Oligocene beds ab Lead have been lifted and the present gulches have since been
carved below them. The following is a summary of the evidence for the Kocene
age of the eruptives:
Laccoliths in the Benton
Eviudence from geology .......{ Peformation concomitant wrth intrugon.

Porphyry pebbles in Oligovene sediments.

Evid ; ) [Post-Laramue uplit of Rucky Mountains
1 m .
ViGence Lot analogy - .- [Post-Laramie intrumons ot Rocky Mountains

Probable ervsion ot 6,000 tn 8,000 feet of strata from above level of

Evidence from physiography. {
PRYSIOETAPHS present Tertiary clay at Lead \

DISTRIBUTION OF IGNEQUS BODIES.

The intrusive rocks occur as stocks and dikes in the Algonkian schist, sills in
the Cambrian shales where that formation is thick, arlld’ laceoliths, which thin out
into sills in the Cambrian, but rise into thick domes of himited herizontal extension
where the magma has broken through the 'massive Carboniferous limestone and
escaped to higher horizons. These relations will he best understood by reference
to the map (PL T), where Custer Peak, the YWoodville Hills, Deer Mountain, Dome
Mountain, and the Iron Creek mass represent laccoliths in the Cambrian associated
with the broad sill district: this in turn surrounds the schist area of stocks and
dikes. Outlying masses, of steep domical form, which have hroken through the
limestone arc Ragged Top, Citadel Rock, Crow Peak, Whitewood Canyon laccolith,
Pillar Peak, Beur Den Mountain, Deadman laccolith, Tilford laccolith, and Bear
Butte. The great mass of the Vanocker laccolith on the east is an exceptionally
large body which in part has broken across the limestone. To the north Crook
Mountain and Elkhorn Peak are domes of Minnelusa sandstone, where erosion has
not yet revealed the porphyry.

In the schist area many hundred dikes occur, trending usually about N, 30° W,
parallel to the Algonkian lamination, and this trend in a general way corresponds
with that of some of the larger laccolithic groups.

aQuoted frum Mr Darton Jetter to the writer



' INTRUSIVE PORPHYRIES,

Thus a line of porphyries may be drawn from Custer Peak to
Crow Peak, from the Tilford laceolith to Elkhorn Peak, and from
Two Bit to Polo Peak, possibly indicating an alignment of conduits
benecath. At four points stocks have been indicated on the map,

namely, at False Bottom Creek, Deadwood Gulch, Plunia, and a’

small mass east of West Strawhervy Guleh; there -are probably
others in the hills west of Lead. The mass at Pluma is a-great
dike for a portion of its course, but becomes .complicatcd with
stock-like bodies, and is of such size as to warrant independent
mapping, The area of sills in Cambrian shales has its best ex-
posures on Two Bit Creek, Spruce Gulch, on the ridge southeast of

Deadwood, on False Bottom Creek at Garden, along Squaw Creel,

and on Annie Creek.

HOMESTAKE DIKES.

A section from southwest to northeast through the Homestake
and Caledonia open cuts (fig. 4) serves to illustrate the frequency
and thickness of dikes in the schist area that were conduits for
westward-spreading sills and laccoliths. Here the schist dips to
the east-and contains much quartz, which in places is distinctly

quartzite, elsewhere is massive quartz. The schist is red and

ferruginous in this region, hut talcose, slaty, or graphitic where
Jess altered. The dikes average 35 to 40 feet in thickness. Three
dikes in the Homestake section are associated with breceias: in one
case on the foot wall; in another the fragments of schist are
embedded in the igneous rock; and in the third case a breccia 6
inches thick occurs on the hanging wall of a small 4-foot dike high
up on the eastern slope of the main cut. These breccias some-
times contain fragments of both schist and porphyry, and there-

fore might be the product of faulting subsequent to intrusion.

In other cases they are unqguestionably the product of hrecciation
concomitant with intrasion.
] _ 1
PSEUDO-CONGLOMERATES,

Besides the dip away from the core of the Black Hills, which,
on the rim of the uplift, uniformly indicates deformation of once
horizontal sediments by forces other than those immediately gener-
ated by the recent intrusives, there is interesting evidence presented
by the limestone breccias which are so abundant in the Cam-
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brian. These occur in lenticular masses, =ometimes merging into unbroken lime-
stone flags interspersed among heds of grcen shale, the flags carrying trilobite
fragments. These fragments of trilobites may also be seen in the flat or rounded
“pebbles”™ of the limestone hreceius, and this bars the 1)055ibflity, suggested by
Crosby.@ that these breccias areé conglomerates derived from an Algonkian lime-
stone. The breccias in question were formed by crashing, accompanied in some,
cases by minute foldings of the limestone bands, the brittle laminw breaking on the
most acute flexures, or else breaking into flat pieces under the influence of pressure
without any considerable flexure. ' : L ’
Infiltration of waters which dissolved off. the edges and corners of these broken
fragments later cemented the mass by depositing crystalline dolomite as a matrix
for the pseudo-conglomerate. These **intraformational breceias” are abundant in
“the Two Bit district, where are also muny sills and dikes of porphyry, and the ques-

F1t. 5 —Upper contact of sill cutting limestone brecciag, Galena.

tion frequently arvises in the field whether the deformnation which fractured - the
limestone beds, and the waters which cemented them, were in any way associated
with the intrusives. A negative answér to this question was clearly afforded by the
upper contact of the sill figured (fig. 5). In the lenticular masses of limestone
breceia here shown there are developed locally distinet folds, which pass by grada-
tions into a breeccia, holding fragments tilted at all angles, frequently without order
or artangement. Careful examination shoiws that often these may be resolved into
former folds by joining the adjaccnt"‘pebblcs.” The work of solution and recrys-
tallization on the fractured heds has nearly obliterated the original crumpling.

This locality, showing distinet crumpling oceasioned by the porphyry in some of
the beds and the ancient crumpling associated with the development of thd,pséudo-
conglomerates, offers an excellent opportunity to test the question whether the
porphyry was iinmediately the occasion of the hrecciation. The contact shows

a Proc, Boston Soc. Nat, Hist.. vol. 23, p. 497,
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distinetly that it wus not.  The hmestone bieceias ure nregularly ent across by the
porphyry hoth on the old folds and m places where all trace of folding has disap-
peared.  In othet cuses where fragment- of the brecena still remain horizontal the
porphyry cuts across fragiments and matrix alike. The unbrecciated limestone
bunds are oceastonally folded and fractured by the porphyry, and on the fractures
there is ovidence of some recrystallization, so that it 15 not iinpossible that in places
a newer breccla miy owe its origin to deformation by intrusion: hut in most cases
the limestone brecvias of the Cambrian were formed before the intrusives, This is
further evidenced by the fact that these brecewns ocenr in many parts of the Ihills
where the younger eraptives are absent, so that it is fan to concliide that the
evidence mdicates a period of deformution later than the Cumbrian and carlier than
the laccolithic intrustve~. Sumlar hmestone breccius oceur less abundantly m the
Carbonifercus und Permian limestones,  Weed has figured” a Cambrian limestone
conglomerate from the Judith Mountains that in the photographic itinstration is the
exact connterpart of the Black Hilly Cambrian beds. e helieves it to have heen
formed on a shingly beach.  The writer would suggest that possibly many supposed

conglomerates may be intraformational breceias?®

composed of Iimestone fragments,
formed by crushing and recrvstallization of mutrix, as deseribed, rather than hy

uplift uboyve sea level. ST

SUMMARY OF DYNAMIC IIISTORY.

The geologic map of the Sturgis-Speartish quadrangles (PL 1) snows a region
of concentrated 1gneous activity about the ety of Lead. This region is alio a
center of ore deposition, the sulphides and: their derivatives being closely associated
with the porphyries.  The precious-metals are known toocenr in Algonkian scinsts,
in the pre-Cambrian granitic eruptive rocks associated with those schists. through-
out the Cambrain, and associtted with laccolithie hodies  There are wome pro-
ductive mines in Siluro-Carboniferous limestones. and ores occur m the Tertiury
porphyries themsclves,

Structurally, the Lead eruptive center 1= an area of laccoliths in and below
the massive limestones of later Palevsoic nge and of dikes und stocks 1 upturned
schists forming the conduwts of «ills in the thin-bedded Cambrian strata. From
Custer Peak to Richmond Hill, where erosion has gnawed deepest into the eruptive
region, stock~ and dikes in schist are abundant, Surreunding this area the
Paleozolc ~ection shows sills in Cambiian strata, and laccoliths at the base of the
great limestones. .

It has been shown that the 1gneous intrusions of 1bhvelite and phonolite
porphyries accompanied or immediately followed w great movement of uplift

eWeed and Inrwon, Tudith Motntains of Montana  Fighteenth Ann Rept T 8 Geol Survev, pt 3, 1w8, PI LXX
Also, Lattle Belt Mountains Twentieth Ann Rept U > Geol surves, pto3, 1800, P1 XXXIX

bwvaleott, ¢ D, Bull GGeol Soc Amenen, vol 5, pp 191-14%
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the aren now occupied by the Black Hills. This uplift arched the horizontal
strata of the plains into an elongate dome; schists bencath, with nearly vertical
bedding and lamination, moved up by faulting and slipping, frequently on planes of
schistositj*. Erosion has completely removed a portion of the sedimentary cover,

exposing two kinds of sections whereby the solid geometry of structures within the -

uplift may be studied. One is a heveling across the top of the dome, exposing a
| ground plan; the other is a4 deep trenching by streams through the flanks, exposing
vertical cross sections. The igneous matter rose through the steeply inclined schist
laminw and spread ont among the sediments which lay across them unconformably.

Erosion beveling has cxposed dikes in the schist and flat masses in the later strata. -
The walls of erosion trenches show the thickness of the sills and lenses and,

sometimes their junction with feeding dikes.
The intrusives are confined to the northern portion of the uplift. The southern
portion was occupied by massive ancient pegmatite granites, themselves pre-Cambrian

intrusives in Algonkian strata. Probably they acted as a rigid cementing and-

hardening agent to prevent fracturing in the southern schists; the northern, less
indurated phyllites eracked and faulted more readily to permit the vounger intrusives
to rise from the depths. The northern exposed schist areas contain many hundred
dikes and some stocks; these must have induced movements of horizontal extension
in the schist, and such movements are attested by bedding plane faults at the base of
the Cambrian. The dikes have a common trend and dip parallel with schistosity.
The dip gave them tendency to spread in the Cambrian in one direction more readily

then in another. In Cambrian thin-bedded strata with many shale horizous sills

formed in great number. Above lay the thick linmsto:’ne; it resisted upward move-
ment of the porphyries and locally became domed and arched. Beneath it were
formed the principal laccoliths of -larger size, the largest where the limestone was
thinnest. Some of them were unsymmetrical, partly because they were injected into
strata possessing an initial dip, partly becanse their conduits sloped and the magma
was foreed forward in one direction. On one side the limestone was flexed beyond
the breaking point; a fracture opened and admitted the igneous fluid to higher
horizons, forming subordinate laccoliths. The subordinate laceoliths are charac-
terized by still greater lack of symmetry; their sides nre steeper than those of the
main laceolith; they fault and ecrumple. the heds about them. Associnted with dikes,
sills, and laccoliths are breccias composed of fragments of the rocks through which
the igneous magina passed. There is no evidence that the intrusives were connccted
with surface voleanics. In general the phonolites are younger than the rhyolites;
" none of the larger main laccoliths -are formed wholly of phonolite;-the phonolite
broke through the larger bodies of rhyolite-porphyry and solidified in smaller

aJaggar, T. A, Laccoliths of the Black Hills: Twenty-first Ann. Rept. U. 8. Gcol.{Sur\'uy, pt. 3, 1901, p, 280, -

Y
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masses at higher horizons.  The greater number of subordinate laccoliths, however,
are of rhyolite-pophyry;. these include Bear Butte, Deadman, and Whitewood
Canyon laccoliths, Crow Peak, Inyankara, and Sundance Mountain. The magmas
which formed the subordinate laceoliths were beginning to solidify and hence were
“more viscous; this is proved in part by fewer sills, by domes of smaller ground plan
and greater convexity, and by diminution in total volume of intrusive rocks in the
higher strata. The characteristic forward and upward movement of intrusive
through strata is by way of strike fissures. The lower contact of sills and laccoliths
frequently truncates or bhevels strata obliquely across the bedding. .The horizons,
where a single stratum is followed for some distance, are composed of soft shale
confined between harder heds. — ' A
Erosion has left laccoliths covered, partially uncovered, and deeply dissected,
and in places has removed them cntirely or left only scattered remnants.  Conduit,
basement contact, wedge, flank, crest—ull parts ot the laccolith are exposed, in plan
and section, in different ijlaces in the Black Hills. The evidence quoted points to
Kocene time as the age of intrusion. There were several thousand feet of strata
above the laceoliths, and the soft Cretaceous shales absorbed laterally the doming
produced by individual intrusive masses. Trunk drainage consequent on the Black
Hills uplift was deflected by adjustment to the domed hard strata’that were gradu-
ally uncovered; branch drainage, dependent on the relation of rainfall to form and-
texture of surface, continually changed with the discovery of hard and soft strata,
producing hills in hard domed beds and annular valleys in soft ones. Such annular.
valleys were eventually superposed on porphyry, and persist in severnl deeply dis-
sected laccoliths, such as Custer Peak and the Woodville Hills, Where an annular
“valley on the contact of porphyry and flanking sediments becanje superposed on the
hasement stratum, its course preserved approximately the outline of the laccolith
after the same was in great part eroded away.

HISTORY OF INTRUSION.

The history of intrusion in the northern Black Hills is believed'to be intimately
agsociated with the history of the larger deformation.” Tntrusion is not conceived
to have been in any sense a cause of the greater uplift, but an effect, The ‘intru-
sions were a small incident in a great movement of elevation. The greater uplift
probably took place after the close of the Laramic, along with similar movements
in the Bighorn Range and the Rocky Mountains. Whatever their cause, these
movements were colossal and involved a considerable section of the earth’s crust;
doubtless there had been similar movements about the hard granite core of the
Black Hills from the earliest Paleozoic times, There was unquestionably some
deformation prior to the laccolithic intrusions, for these broke across previously
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brecciated Cambrian flags and encountered dips already initiated. The post-
Laramic uplift was accompanied by profound fracturing. The fractures reached
downward to a zone where molten rock was under pressure. The liquid shot
upward into every ramifieation of the fracture system; Algonkian, Paleozoic, and
Mesozoic beds were in some sense under compressive stress, rising slowly, the hard,
competent members supporting the arch, the soft heds foliowing the lead of their
more resistant neighbors. Diversity of structure and consistency produced minor
differential movements of faulting and folding. The upturned schist beds slipped
¢ like cards on edge to make undulations in the basul Cambrian quartzite, which was
also faulted in places. Springing into every weak place, spreading the beds and
crumpling the soft ones wherever there was tendency to gaping by reason of the
greater burden assumed by the more rigid strata, the igneous muagmas reached the
Cambrian through countless fissures in the schist beneath.  The change in structure
at the Algonkian-Camhrian unconformity was especially fuvorable to the develop-
ment of local weakness that would give advantage to an igneons wedge. The Pale-
ozoic horizon least compressed lay under the Carboniferous limestone. The thick
limestone member, most **competent™ to support load under lateral pressure,
relieved the soft shales beneath in many places. The porphyry magma was itself
probably undt,r pressute ¢ and capable of lndupcndult dynamie action relutive to indi-
, vidual beds 1mddud whether that pressure was in any way limited by the actual
volume of magma ‘u"ulll)]e, or what hydrostatic or thermal law frovemed it, we
have no means of knowing, but it is quite certain that the pressure of igneous tluid
relative to the condition of the limestone was suflicient locally to arch up and break
.through that stratum and some of the 'superjuccnt heds.  That it did not do this
until it was beginning to a()hdlf\' is in part sugoe:ted by the fact that only a rela-
tively small volume of porphvl v broke through the limestone to higher horizons.
The fact of local doming and, fracturing of the limestone by the porphyry does not
of necessity imply that the lava in cach of those domes lifted the load; it bent and
pimpled the limestone within an arch of enormonsly greater magnitude, composed
of several compétent members that were collectively supporting the total Wéight of
sediments. The fact that the greatestj doming of limestone over porphyry at the
Terry-Polo complex took place where the limestone was thinnest shows that it was
‘not the weight of superincumbent beds, but the inflexible quality of the thicker
limestone which resisted doming. It is equally clear that the size of the laccolith
is eutirely independent of load; the smailer Ragged Top and the greater Deer
Mountain laccoliths are both intruded at the same horizon; the Vanocker porphyry
mass, probably the largest single laccolith exposed, reaches the Upper Carbonif-
erous, while comparatively small subordinate laccoliths, like Crow Peak and the
one in Whitewood Canyon, ave intruded under Obolus heds at the base of the
Cambrian. ‘

I
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DESCRIPTIVE GEOLOGY OF MINING DISTRICTS

A few typial sections, made fiom smiface measurements ot bed- 1n strati-
graphic succession among the ore-bearing hotnizons, will sufhce to indicate the
natute of the Algonkian and lower Paleozoic ~tratu

ALGONKIAN

The two most striking Algonkian sections are those adjacent to the two largest
ore bodies, namely, the Homestake and the Clover Leat

SCHISTS SHOWING SYNCLINAL STRUCTURE NORTH OF HNOMESTAKE MINL

A section trom west to east on Deadwood Creeks near Central shows the
following Algonkian 1ocks

Just west of Cential there 1~ a contact ot graphitic ~schist on the west with spotted
mica-~chist on the east, trending N 30°W  Opposite Blackstone = house occmis
a heavy terruginous black schist with quartzite bands 1 to 2 mdches wide cut by
nregular white quartz hodies which torm a distinct zone The sandstone bands
ceaily increase 1 size on approaching the De Smet oben cut from the west
Farther down the gulch, opposite the De Smet cut, ferrugimous schist on the west
1s tound 1 contact with gray mica-schist on the east, accompanted by a sudden
change 1 dip  The dip hitherto has been toward the east at high angle-, but
around the pomnt 1n Sawpit Gulch the outerops are all grav mea-senst, with a
few very thin -andstone stiingeis and haie a umfoimly westerly dip  This
sudden (hange ot dip just oppowte the De Smet and Homestake vie hodies 15
signtficant and suggests that perhaps the great ore body may fill a synchnal saddle
pitching to the southeast A short distance np Sawpit Gulch trom Central, on
the Columbus ground, a trench has been opened ilong a pynititerouns ~ticak trend-
g N 34° W  This trench 15 directly in the hne ot the De Smet and Homestake
workings

+

SCHISTR RHOWING SUDDEXN CIHHAMGF OF STRIKE NEAL CLOVYER L¥AF ORE RODY

East from Perry the Algonkian garnet schist strikes § 85° W, with maiked
lamination  This trend 14 transvetse to that ot the Clover Leat open cut -outhwest
ot here  Eastw 11d along the 11dge on the notth side ot Elk Creek there 1 exposed
garnetiterous mica-schist with numerous quartz lenses some of them tolded, 1 to 6
mches thick  The quartz shows 1ounded granules, 1t 1 difficult to deteimine
whether they are cataclastic o1 sedimentary  The lamination 1~ wavy, tiending
8 50° W, but varving gieitly m a single outciop, even io north-south stiikes
Just south of this outcrop are crossed graph{tlc schists, ferruginons quarizite, and
amphibolite with o trend ot & 629 W -

1087—No 26— 04——3 - ’
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The next <pur to the east shows to the noith 80 to 100 feet of whrte quarts
above with amphtbolite tiending west-southwest on the pomt ot the spur  Farther
east 1» tound a ledge of mua-schist with lamnation N 52° W | and a white
banding distinct from schistosity trending N 75° E The stiucture approaches a
drawn-out linear parallel ~«chistosity  The white quarts zone 1~ on the south, both
ou this spur and the next spur to the « ast, the -outhern extienuty of the <pur 1y
ocvupied by a well-marked told of mica-~chist showing hght and dark hands and
pitching to the south TFollowing out the ridge we come to an S0-foot lcdge
ot terruginous quartzite ,showtng contortions and Jaspery teature  On both
siles of this sahent reet occmr great misses of amphtholite trending noitheast-
southwest, with coutherly dip This dip 1~ characteristic ot the whole sectron
There 18 here agamn a northwest-trending lamnation' distinet fr1om the banding  QOn
the east of the little gulch to the north ot this tidge occurs mica-shist with layers
ot micaceous sand-tone  Both lamination and bedding” here trend N 10 W This
noitherly stiztke 15 repeated m the ~chists ot Elk Creek Canyon, a shoit distance
tarther east

Swnming  up the Algonkian section aleng the 11dge northeast of the Clover
Leat mine, we see that the west-southwest strike 15 unusual, suggesting that theie 13
some sudden change m the sttucture east and west ot the 1:dee m question This
change, on the west, takes place 1 the numediate vianity ot tho Clover Leaf ore
hody The section across the strike, from north-noithw est to south-southeast, 15 as

tollow~
Urarnetiierons mic a~schist
> Ceraphitic schist
Ferruginous quartate \

Amphibolite
Mrca-schist
1 hute quarts
Mica-schist
Amphiholite
Quartrite
‘ Amphiholite

CAMBRIAN, ORDOVICIAN, AND CARBONIFEROUS

The tollowing tabulated sections ~how the characteristic detatls of the lower
' Paleozole tocks, which are reteired to on the toregomng pages, 1n the dugiam
“(bg 1) and 1n the table of tormattons (p 20) The hi-t of the-e sections 15 mn the
mining distilet neat Terry Peak, the <econd 15 farther -outh near Englewood (the
type locality for the Eocarhoniterons limestone), and the third 1s on Bear Butte
Creek, near the town ot Galena, where the Deadwood and Englewovod formations
ate well exposed 1n association with sils and dikes +



CAMBRIAN SECTION.. ..

TERRY PEAK SECTIN,

35

Seetion . lower part of Cambrian terrane, Spearfish branch of the Rurlingion and Missourr Ruidroad,

Jrom northeast slope of Terry FPeal to neur Englewood,

Ft
Ferruginons santstone 1 2-inch layers with green shale partings (... .. A 5
Coarge, massive, ferragimous sandstone with olive-green shaly sartaces ... ... ... 4
Ciray, fine sandstone, 1o places greenish, irregulariy blu_tchcd with purple, and contaming
limomite  Containg a few seattered worm bOrINgS L i . 0
Limomtic earthc . o it eieeaan. 0
Very plaucomtie, loovse, ferruginons sandstone. oo oo . ... .il.iioii.l.- 5
Much decomiposed siliceous sandstone, weathered locally sto chales and hematitic earth .. 5
Gray, siliceous, chert-like, fine-grained, compact sandstone 1moheds of 2 to 4 inches o, -1

Single bed, gray, exceptionally siheeous sandstone, very hittle cement, =omne seams ot limo- ¢
:

1L T o 0
Fine-grained, dusty, glanconitic sandstone. ... (... ..o . e e 0
Limomtic glauconite samistone, less rusted than below, more sheeous toward the top

Massive 3 to 4 meh beds ... e e eteeeieiaea- s
Magsive glaucomtic rusted sandstone ..o .. Lo ... - e e ewaaeee e aa 2
Massive rusted glaneomtic sandstone in benches with a tew mterbedded shales. .. _.o.oo L, 30
Altered flags and brown sandstone  Dip, 12° NW . ____. e e e e e .15
Cloarse, brown, mas=sively bedded ferruginous sandetone oo .. L. .. 2

_Thm-bedded glauconitic brown sandstore (oo Lo .. 3
Cros-bedded brown ferruginous sandetone with fucords .o ot ool . 6
Thn-bedded, shaly, glatcontic sandstone with two or three 24nch layers of brown sand-

SEOTIE e i T R TP TS G
Very rusty glaneonitie hrown sardstone. oo ...l v L
Thinly laminated ferrugmouos samdstone with glancomitie layers o oo o 00 feee B
Same as abovey 1 3 to Aaneh beds. Lt e 8
Same as above, very rusty, and mn some places bedded mm maserve Bloeks, ..o e 8
Brown sandstone with 1rregular 2 to 3 inch beds. oo o 0 il 20
Massive reddish and glaneomitie sandstone oo oo Lol . 4
Thin, gray, shaly sandstone, highly glaveomti m places, weathermy pink, purple, and blue. 9
Talus slope, showing three Inas-ve limestone breceia members, ayeraging 1 toot each. .., 6
Thin-hedded Innestone Breceifs. - . ..ot oo et a e eeeaeaaan . B
Gray, friable, sandy tlagstones m thin dameh hedso oL oo oL 5
Paper shales and limestone hrecelas {intridded by porphyries) oo oo o il 40
Thinly laminated, fine, green-gay, shaly sandstone, more shaly below, sandy above. ..., .. 8.
Shales with interbedded flagstone brecela, fine, gray-green, sandy parting beds among the

shales decrease froan here eactward L. L.l 16

Paper shales with a few 2 to 4 inch.Teds of hnmestone hrecaa with trlomte fragments .. 5
P G

Semueryatalline 1mpure lnuestone shghtly brecewated, divided inte 4-inch bands of dark’ ™ -

brown, red, and green . oL e ieeiaeee e 2
Paper shales with 1-ineh limestone beds .o . ... e e e ... 8
Thin-bamled semuerystaliine himestone flags u ; fo 3 neh heds oo oo 0 oo L. 3"

Caleareous dark-brown semicrystalline sandstone contmning obolus and trlebites (Theello-
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1

Brown glanconitic and caleareous sandstone, parted by fine hlack slaty shales 1to layers
one-half inch to 4 inches thack .. . Lo l.l.. e
Fine, gray-black, well-jointed paper shales, erampled . . ... oL ...

Limestone flage containing Limestone. breceia, with two 2-inch heds of black slaty shales
above and below .. i irraracaaaaaaas
Rusty calcareous sandstone 1n 1 to 8 inch bands separated by lavers of light-green shale, rome-
times glauconitie, 1 to 3 inehes thack  Both members are glauconitic, the =andstone more
so than the shaly members ... ... ..o .. oo el
Rusty calcarenus sandstone 1n beds 3 to 15 inches thick Highly ferruginouns. lemon-yellow
to ocher colors and dark red brown  As a whole this coarse muensher weatliers stark red __
Much disintegrated red, brown, and yellow ferruginous randstone  8mall crystals of hematite,
much limontte, velns of & carbonate and a manganese (*) mmeral ... .. ... .. ...,
Fine-gramed limonitie quartzite, open structure, winitish, in beds 4 to 6 inches thick. Miner-
alized upper rurface of hasal quartzite o ... oL eeiiiiiaen
Light to 10 beds, gray-green paper shales above, 4 layers of limestone flags below ____......
(uartzite carrving trilobite shields and guartz in druses, upper surface red with seohthus
LT3 154 S
Pure giliceous sandstone, showing round graing and practically no cement, nearly a quartzite,
. Weathers rusty into massive beds and is slickensided, the slickensides show horizontal
movement along a vertical plane ... .ol
QQuartzite blocks in talus below, carrying trilobite shields. This near base of basal quartzite
of the Cambnan _ The tauna 15 middle Cambrian. Talusg of Algonkian schast. ... _.._..

. ENGLEWQOD SECTION.
In ln.wer Paleoznie rocks, v Burlington and Missourt Rirer Rulroad, 2 miles soutloves of Engle
PAHASAPA LIMENTOXE

Gray limestone shows a dip discordant with the Englewodd limestone below and an uncon-
formity on it along an almost horizontal hne Ihp, W 28°. The Pahasapa heds at the
contact are progressively truncated toward the north. The dircordance 18 not wholly cne
of uncontormability, because deformation at the south end of the cut affects both form-
ations alike and there 18 probably some thrusting ... .o i i

ENGLEWOOI} LIMESTONE '

Purplishh lhimestones. At north end of cut dip 18 35° to 50° enasterly, at south end 27°
8 809 B e e e e,
Greenish-gray shales 1in railroad cut underlying the Englewood lunestone The ghale 13
lumpy, light green on fresh surfaces, with dark-purple markmgs that show cirenlar
geetion across the bedding and hinear, fucoid-like, eythindrical bodies on the hedding planes
Ap this altnost eertarniy overhes the orange-colored Zaphrents-bearing rock, 1t 15 probably
LOWEE CHTBOMIEEIOUS . - -+« oo oot e et ee e e e e e e e e e e e e

ORDOVICIAN (?) OR ENGLEWOOD

[The followmng beds are from about the Ordovian limestone horizon downward, going north
across strata dipping about +° 83W | unmediately under the great himestone quarry ]

Orange-colored arenaceous lunestone lbeanng Zuphrentrs, crinoid stems, and brachiopods,

appdrently in place -
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LOWER PALEQZOIC BSECTION,

CAMBRIAXN
Fy In
Talus....... eemeeaeieocaion e e e . 40 0
Green paper shale~. .. . . .. ... e s e e ancseiaaaaan 10 0
Talus ... ..., e oen e ammamnar e I emcmeeaaan O e 80 0
Masaive pink fucondal Innestomne . . Lo e eieeaieaaaan 0 40
Paper chales and caleareous Hage. ... .. .. ... e e e e e 0 12
Ocher-yellow caleareous sandetone. ... oo oo i - 0
Green paper shales _. .. ... . ... ... e et e 0 6
Arenaceous limestone with green =hale surface, showing mud cracks with filing colored red.. 0 1
Massive hard arenaceous limestone ... ... B, et mr e eebecananaeeaen 0 6%
Light-green paper shales and thin limestone flags, with irregular fucowrdal surfaces and mud- .
CrAClB. e et s . S SO 0 17
Maseive caleareous quartzite coated with caleite on Joint surfaces  Red onfregh surlace, show-
ing much ervetalline carbonate_. ... .o oLiiiiiiaiiis oloas e aeaaaas 0 24
"Glancomtic sandstone, larunated on cross-bedding planes, with fucmids, o part deep green
and full of glancomte  In other places dark red or lunomuc yellow  Some of the Ingher
heds show Seolithus (?) horngs  Dip, 3° to 4° southerly ..o B 6
Very coarse, loose, and irable sandstone, with limontic cement and sotne glaucomte. ... 0 3
Ripple-marked glauconitic ant ferrmginous sandstone, masdive as a whole, but separated nto
ripple-narked slabs The glabs are coated with hematite,  Evidences of listurbances,
stich ag erogs bedding and ripple marking, increase 1n the upper members of this section as
awhole ....... DU e i 0 20
Dark-green, glaseomitse, arenacecus shale, very tull of glanconite ... . veeeo 003
Ferruginous randstone m two nassive heds, separated by o thin band of shale_ .. ... ... ... a3 0
Bright-red sandstone, probably the “Red Band ”  Carbonate veeurs i vems and druses
Tainonite oceurs m irregular spots, as well as, throughout the mass of the roek, a-hittle
glauconite.  Rock 13 mas-ive, showing sowe bedding lines and shghtly wavy upper surface. 3 0
Glaveonite shale.  The bedding 1 here wregular and varable withim short distances, cross
bedding 1= commen, tlns ghale band thins oot and is replaced hy the red band above...._. 0 10
Massive glauconitic sandstone.  Variation in thickness is due to ndges resembling wave marks
of 2 tu 3 feet wave length and 2 to 3 inches height. sRock shows cross beddmyg ... 9 to 14 1nches
Glavnconitie shole. ..o ... e e eeeaimaeaeaaan R e 0 7
Massive glauconitie sandstone . ... . ..o ... R 0 1
Arenaceols glancomtic shale....o. ..o Lo g 0 53
Z\Iassn‘e'terrugmnus sand«tone, showing hmonite, qnartz, and red matrix  Very httle glan-
comte, Coarse cross bedding dipping 8W Jent off N il 0 2
Highly glaucomtic and massve sandstone, ... .. e et taanaaaa . . 0 10
Massive ferruginous sandstone, with a 12-nch quartzite bed helow, showing quartz gramns
i a hematitic matnx and some glaneomte  The quartzite 15 massive while the upper
members weather mn 2-inch. lammince ... ..o L L. ettt I
(#lanconitic sandstone 1n irregular laminee, capped by a seres of red ferrogimons sandstones,
showing no glaucomte and much 1ron_ .. ......_. et e faeeaeann Ceeemnn 4 2
Gray arenaceous shales and irregularly edded glauconitic shaly sandstones.. ... e 0 20
Glauconitic sandstone with very abundant glauconite, in two massive bands, with tendency
to part on the hedding ... L nciasae—eoaan PR .. 0 14
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Massive ferrugimous -andstone, showing less glauconte than m bed below. ... .c.oooi-,
Masqive glanconmti. =awdstone, showing orose bedding 1 places where the crow hedding
lamine dip to the somthward ... ... e eemmmmen e e e ieaeaaaas
Fucodal, pink and green, loose sott, shalv, glanconmitic sandstone  In a distance of 6 test this
bed thins out completely and mwergey mto the mas<ve randstone above . Lo ...
Glaneonitie sandsteme with pink and grav seams Weathers m ma~wve hrown blocks, 4 to
10 nches 10 thrckness  Inp, 82 8RW (... L L L L Lol ... e e mememeetmeieaaeeas
Pink and green, twoonlal, loowe, sett, shaly, glaucomtie sandstone, with peculiar propertv ot
breaking up mte many lentils on weathered wnrtace, but ~howing a maseive face. . ...
Massive glaucomtic sandstone, showing many small wormy fueond arke 1n cross ~ection
Upper surface coated with green shale wliuch shows coneave jmpressiong of coaree rops
tucondy one-haif to threc-fourthy wnch 1n”dianeter, nuxed with irregular lumpy masses.
Thinly lamnated green <hale containmg one band which 1+ piki<h and sandv ...,
Ma~ave glaucomtie samdstone, pont surface covered with globular and botry edal coating ot
what appears to be a crystalline carhonate 1 white masses  Cros- gection ot lower
part of this bed shows pmk ticordal narkings  Thins south and =hows curved upper
surface 4 feet fong __. 7. e el .
Shaly glaueomtic sandstone with abundant gray lay, lentiorin fracture, fresh surtace 13
greenich gray speckled with glaucomite e e e e e e .
Alternate mass1ne hands of glanconite sand<tome and gray snale  The massgive bands average
3 mches in thickness  Seen on a fresh cut these beds appear ap 4 single massive band. . _
Fine-grained «aleareouy glauconitie wandetone irregularly banded pink and greenmh gray
The pink layers reprevent the fine-grained matenal of the ropy tucont atems ... B
Fvenly lanunated alternate layers of glaucontti, sandstone, thim gray paper shales and pinkish”
sandy lmmestone flags varying 1 thickness trom one-half inch to 2 1nches * The surfaces
of theae i‘l.tgrtnnea are covered with small ropy tuemds . oL .o ..., P
Massive terruminous glauconitic sandstone with small veinlets of carbonate, 2 conspicunus
heds co...... -. heen meeaie e e ceaeaceeeaan
Thinly laminated, very argilldceous, glaucomie shale, green gray in color, with small wormy
hwords oo L. e iieieiie e e emaas
Glauconrtic sandatone with limonite occurnmg’ 1n streaks 1n croeg section shaped ke blades
uf grass  Surlave of a slab qh()“‘q tucords 1n depressions, and ridges like the mud-trals of
, agateropod . L. LLo.llolL .. Ce mammeean.
Glauconitie shale with «lay seams and grass-hke faconds in crosy section coooo0 Lol
"Coarse limomtx glaucontte sandstone  Massive, with some brecciation hike the osual Tinue-
stong hrecaas of the Cambman, ..o .0 oL (oo ...
Sprekled gray-green glaucomtic sand«~tone . ... ... cee e e
Hard glaucomtic sandstone, with predonunant quarts sand Al ot this seres of sandstoney
weather reddish brown with the gra_y ~green colord 1n the shales ., o -
Irregular lentils ot <haly zlaneomtic sandstone with nuch grav das Fresh surtace greenish
gray speckled with g]au[ (2331 ¢ T eeee e e e s
Very calcareons glaucomtie sandstone with more carbonate vistble under the hand lens than
gquartz  Yellow clay on interlammar searns  Surlace gray and red speckled, with <ome
appearance of fucoid-  Evenls lammuated m one-halt to laich bands_. oo oo ...
Massive imonitic glanconite ~and<tone, lnghly caleareous, rurtdee statned with iron streaks

Fucord 1mpressiony not pronoanced. ... . ..
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. LOWER PALEOZOIC SECTION.

Bimilar to next below, but more massive, with hematitic ‘bands and fucoid corves shown in
L CTOBS SECLOTI L L e e cie e
Loose ghaly glauconitic sandstone, gray speckled with dark green. Breaks into irmgul:ir
lentiform pieces with one 2-inch massive Tand. Much gray clay

Talus. . ool e e raiaececsscacedeaacaaan s

Pt

Impure glanconitic sandstone, calcareons and argillaceons. Fucoidal surfaces. A massive .

bed, with a minute clay-seamed lenticnlar structure.. . ............ e emenar e e,

Talos. .. ... rmieenan e acaaas et iamma e
Coarse glauconitic sandstone, showing under the lens abundant transparent rounded quartz
graing, with interstitial smaller grains of limonite and- glauconite. Parallel to the

stratification there are bands of more abundant glanconite and some crystalline carbonate.

The whole bed is masgive with some interlaminar slickensides..._........ TR
Similar to the bed below, with greenish-white clay on fr:_xcturé gurfaces. There are small
fucoids and some appearance of flat “pebbles,’” or breccia fragments, indicating proximity
to the horizon of limestone breccias. Tamine one-half, to 1 inch thiek .........._.._.
Massive speckled glauconitic sandstone, purplish on weathered surface, with pinkish spots.
Variegated color on iresh surface. Whole series. here is motre or less facoidal

Railroad ents north of this point show fraginents of the glauconitic series. .Lowest bed

exposed glauconitic shale. Apparent dip, 9°, 8. 27° W.

GALENA SECTION.

f : EXGLEWOOD, LIMBESTONE. _ - )
" Masgive limestone of grayish-yellow color with blotches of purple hematite that.frequently
form a coating on the fossils found in this bed; some caleite druses. - Dip, §°,.N. 70° E. .

)\Alternating speckled yellow and pink bands of friable thinly laminated limestone, with much

crystalline caleite .. ...... e acmramcamarmmce s e e e meeame————a..

More massive purple limestone; 40 feet above is the base of the cliff of Pahasaps hmestone .-
Massive purphsh and veliow bedw, above a cliff of Whitewood hme%one

~ WHITEWOOD LIMESTONE {ORDOVICIAN),

Masgive gi;ay. limestoxxé; épotted' yellov;-; -irregular, 'w.ith ien'ticular‘ 'lami‘nae produced by

. Section in lower Paleozote rocks, wp Bear Buite Creek from road junction east of Galenal

Fe. ]

3

1

o4

15 -

weathering ... ...l D U e ecemeeana—-
Buft-colored sandy limestone becoming increasingly siliceous dewnw ard, nusw\e V\eathermg '
to thin lamum ......................................................................
CAMBRIAN (DEADWOOD FORMATION). .
Yellow and gray limenitic caleareous sandstone _...._.... R

Massive brownish sandstone, with traces of scolithus borings. . ooovo ool teean ..
Hard, white, Scolithus quartzite, with wellonarked gasteropod 11)0r111gr: thmnmg to the w ent .
. Brown sandstone _:._ .. I oLl e e eeaaa R A, Tl e
Hard white quartzite, Scolithus borings in upper surfuce, thinning toward the weat ......... .

Pink and orange-colored quartzite ..o oo .o LLoolill e el

P1nk quartzite varying to white, without borings'.. ... .ol e L -
“Pink Faudqtone.._.‘-...'........:....'....'...._..:..:.._.:..‘ ...... e il
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White quartzite ..._.. P e S I e e i amamarans 0 1
Pink and vellow fine-grained sandstone. All of these beds show a tendency to converge

westward. .. _._... S e P tcremacaaamaann cvemeaan ¢ 9
White quartzile - . oo i oo e oo e e e e e 0 ¥
Pink sandstone. .. ..._..... el U el 0z
White quartzite_ . ........... e e R 0 24
White quartzite, weathering reddish on its upper surface. ... .. 2. . ... I 1 2
Yellow quartzite, weathering PInk. ..o .o ot it et e racmcmereacrseaannn 1 4
Pink, yellow, and white sandstone, becoming more calearecns downward.. .1 ... ..., 6 0

Gray caleareous shales, becoming thinner bedded and more shaly downward, with fine gray
' slaty shales at the base; scolithus borings aceur thmughouf this series. .._...__. B 6 0
Persistent white sandstone beds showing ripple marks in cross Sectmn and veneered on

"its upper surface with gray shale carrying fucoids. ... _._._. e 0
Brown shales with light-green #urfaces and interbedded gray shales, showing ropy fucoids.. 0- 2
Cliff of massive .brown sandstone, with glauconite beds on the south side of the creek.

Dip due E., 8° on the E,, 20° on the W .. . ... .. ... ........ e 2 0
Brown ferruginous sandstone, very glauconitic above and massive; below the rock becomes

more laminated and contains les z8 glauconite. Dip, 8 dee K. ... ... ... ..., e 8 11
Massive dark-brown sandstone forming a single bed, 'with siliceous mﬁltrﬁtlom e 4 3
Glauc,onltlc sandstone, with a more thinly laminated middle bam[ B P 3 10
Pale rose-colored sandstone asbclou....' ..... e ivaraaan S | B -
Magsive brown €andsloln . ..o oo et el 1 1

Pale rose-colored, thinly laminated; shaly sandstone, with gray fucoids. This series seems
to be thinning toward the west, and shcm.s in that direction increasing shaly lamination.- 0 11

Brown sandstone .. ... ..ciiiiiicus e e e 1 1
Brown sandstone filled with }ellowlsh fucmd ......................... A 1 9
Strongly glauconitic hard sandstone. ... ... . ... L.l . el . 0 8 -
Yellow and green shales, with fucolds and glaucomtb ............................ U | B!
Soft rotten glauconitic shale ... ... e e Il i 01
Hard gtauconitie quartzite.. .o, ...l I, s 0 9
Soft shalos ... JOR SRS e o 6
) S_pecklc-fl brown and green sandstone, with glanconite .. ... .. e i 0
Thinly laminated glanconitic ghale, with fucoid markings of yellow limonite. ' The whole
+ geries of rocks here is caleareous .. ... .. ... ... \ .................. 0 10
Massive red-brown sandstone,” very ferruginous, with socme glaunomtu e e 3 0
Ocher-colored fucoid shale, with black blotches and thin films of green sha]e ............ 0 8
Glauconite ghales, thin hedded, showing coarse rlpple -marked surfaces covered with limonitic
fireoids of ocher eolor. ... e eiceiiiceianan 4 7
Bright-gréen massive glauconitic sandstone ._...... e e e e 0 10
OcherEhales......................-...-._-...-.-.--_-._..-............,...--'. ........... U
.Hard glauconitic sandstone, apparent]y thinning westward, with small yellow fucoid
IATKINES -+ e 0 4
Glauconitic fucoid shale, thinly laminated. .. ... ...... R S 3 10
Yellow and green shale with large grains of glagconite. ... .. ... . ... il 0 3
Thin-bedded glanconite shales. ... ... oL i 60 0
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Light-gray quartzite, w’ith ocher-colored cement and fucoids and entirely without glauconite. He

This absence of glauconite very conspicuous in contrast with adjacent beds ... ___ 0 8
Red, ferruginous, shaly limestone, carrying crystalline caleite, hematite, yvellow fucoid traces,

and near the base thin green lenses, slightly glauconitie, covered with fuceids ........ .2 10
Similar to.above, but more massive......._....:....\..___L.....,.._...............l.._.'..‘ 3 0
Thinly 1anﬁnated, light-brown, dolomitic shale, with some glauconite; weathers red on .

edges . ..en el S SO SR 3 0

About 40 feet below this the gray shaly dolomitic liméstones outc'rop in thin continuous
laminated flagstones, The surfaces show fucoids, mind cracks, and glauconite, dnd there
are interlaminated limestone breccias or “intraformational conglomerates.’” -

TERTIARY AND QUATERNARY.

The ‘Tertiary and Quaterpary formations have an indefinite thickness, occur-
ring, as they do, only in the form of croded remnants. Tertiary occurs as white
-¢lay in the basin where Lead has been built and in the saddles between neighbor-
ing hills. This clay contains fossil vertebrates, and also fragments of ‘porphyry,
hence is the product of erosion after the porphyries were intruded. This is further
proved by the fact that the clays are deposited in a topography eroded far below
the present porphyry snmmits. The material here called Quaternary consists of
rounded stream bowlders and gravel, oceurring in masses sometimes 50 to 100 feet
thick, usually filling divides between the present streams. These remnants show
the location of more considerable 'erosits of the same sort along ancient stream
channels. The courses of these ancient streams in several cases show a significant>
relation’ to elhows of capture and valley trends which mark the changes the drainage
has undergone. o ‘

The thickest masses of Quaternary gravel lie at the head of Boulder Creek, east
of Deadwood, on the divide southeast of Crook Mountain, at the head of Park
Creek, on the divides west and southwest of Sheep Mountain, and at the head of
Whitewood Creek, along the Burlington and Missouri River Railroad. There is
reason to suppose that these anciént stream gravels may contain placer gold, but
they have not been worked to any extent, as co'n‘lpnl'ed with, the gravels of the
present gulches. i






ECONOMIC RESOURCES -OF THE NORTHERN BLACK HILLS.

Part IL-MINING GEOLOGY.

By J. D. IRVING and S. F. EMMONS.

43






CONTENTS OF PART II.

. Prge
I TRODUCTION . o ot e i 83
Acknowledgments ... e 53
Location of the mimmng region _.. ... ... _.........- 51
CaAPTER I. URE DEPOSITS 1N ALGONKIAN ROCER +ucoauencoseroesnaoaaasaoacanmnn e an
Goldores__-._...__L....‘ .............................................................. 55
Homestake mines, hy 8. F Emmons . _...._.... e et e e e 55}
Ihreovery and development oo . Lo ... e e e et ——a——an 55
Discovery o] e ah
teduction of ores ... e mmamemaans e eae—eaann U %
Mining development . .. L. illl.- 60
b Means of communieatimn. ... oL oooL.ol.. et . 61
" Production -..._.. e e e et aeeeeaeaeaoeaaa s 42
Geologieal deseription ...l s 66
Burface geol0gy «. e 66
Ore minerals. ... ........- et emaaeemaameeaaeas e aaan 68
Gangue mmerals ..., .oail... T T e 68
Inelosing roeRs. . e iciciaaenas 64
Form and manner of occurrence of ore bodies_ .. .. e emmmeaees e .- 71
‘ RBimface Workings. ... 71
Underground workings. - ..o T4
Caledonia ore body Lo 78
Condlusions ....._... e e e e e 73
Petrographie study of the Homestake ores, by J D Irving . .o oo ieL.n- 80
Metamorphoged sedmments. o ..o .o . . 80
Metamorphosed 1ignesusrocks. oL il
Relations of ores to the Algonkian-rocks ..
Detallenmgscii?ﬁtloni:i_: e e T e s
Wall rock - .o i T e =
' ' - -
L U e iy
Banded ore o oo . e iieeeeeemea—aeaiTll
Contorted ore. . .t it ciaciaaaemaaaan aann
. B BT R G - VA P e
Porphyries - ... o..ooiiiioas Meemmaann e 88
) Porphyry brecela o veo oo e a e Lareoen 2y
Summary..... R e e et e aaan Rl
LT 1 U 91
Dolomite o e ienaeaeieen eemaaean 92
0 43



46 : . CONTENTS OF PART. IL
Cnaprer 1, ORE DEPOSITS IN ALGONELAN socks—Confinued. )
Gold ores—Continue. : ’ . Prge,
Clover Leal e oo oot aeae oo mememaae cceeeeeaaae s o emeacceaaan 02
Relations to surface geclogy oo ool s e 93
Character of THe 0Te. . . v e v e one e e i et rree e 94
L0 T o 1 e LR E LR R PP PP PR 94
TiI OT€8 o e aemmmmemcmeecece e mmm s e e e e et aeeaeiamnaas 95
s et e s 96
. Miscellaneots deposits. .o ... ooiiiiaalilo R S 97
_CuaPTER 1I. ORE DEFPOSITS IN A MBRIAY ROCKS -« o o o et oo o oo e oo oo e e i me e me s a8
Gold and silver ores. ... oo.aelos A 98
Gold-bearing Lon;__lomerate& ............................... e e aeean C98
General staterment. .. .u.ee o i aieiiaaooe R R 98
Detailed description_ . ... ...... e ar————ae e e 101
Literature .......... O e e i - 10t
a Location. ... ... et aimaeaaas L 103
Topography .. ..o il SR S 103
’ Geology.....-.-.__.-,-.' .............................................. o= 108
' Algonkian ... .o aaio--- R AR E L PE LRI LR 103
Cambrian ... ool S eeemmmeeanaaaaal - 104
' Digtribution of conglomerate areas. .. oo ocv et iiiiaaaas 104
Lithological composition... ..o oooiomn R 107
. - Pyritic conglomerate .,............“.........' .................. 107
Conglomerate cemented by iron oxide ... ... ... el "108
Alteration of the conglomerate. .. ... ... . Ll iioo.ii... 108
The eontained golid . oo e e 109
Mechanically deposited gold ... S eeemeraaaa T, 109
Chemically reprecipitated gold. ..o ... ... ..., PO 110
- Gold introduced with pyrite .o oo oo 110
Refractory siliceous ores. ... e 111
General statement .____.. NP PP § 4 4
Detailedtiesuripffi?n-- ....... e e taeaaaameeeaieeeaeoaan 113
~  Literature 3 113
History and develdi)\?ﬁ'éut?‘? S SR 116
—ln T Productlon - i . 117
N ‘\\\__ - CHaracter and position of the beds in which the ore occurs ... .. HUNNI 118
. \/;/ - .Physical character ....___ ... ... N ceee. 118
‘ 7 Macrascopic APPEArANCE - .o oeeoiieeeeociiiiiaeaiaeen. 118
o - P Microseopie apPeArance ... ..eooieaeocaioi i 119
/,.*"-"" . Alberation .. ..oiliii 120
/_-./ ] ) . Chemical composition ... .. .0 oL 121
/ R -Geological position......_...... et aamiaaeeealeiouaaao—an 122
) e . . Lower contact ... ___......C _____________________________ 122
/ - T Upper tontact ... ... e e eteaaeeaiaa 1123
: The ore bodies. ..o ... ceeiiooiiiiailos e ieeeaaaanan 124
. Form and size ... ool A 124
. . .



CONTENTS OF PART IL 47
Crnaprer 110 ORE peErosers v CAMBRIaX .rocks—Continued. :
Gold and silver ores—Continued, .
Refractory siliceous ores—Continued. RN
Detailed deseription—Continued.
The ore bodies—Continued, Page.
Fractures. ..o iiiiaieerare e eaaaas 126 .
Vertical eXtent .. .vueeeoous oo im e i e iaaas 128
Amount of opening ... i, 120
Direction. ..._....... e e 130
Gronping. .. _.......... el e s . 130
Intersection .. ......._. e e 131
Relation to ertptive PocKE . ... o oot L . 132
. Origin...o.._..._.... e il 134
v Relation to mineralization..__...... et 134 .
B 1= 136
Macro'scop‘ic character . .o-oeeeeuooooo_.. e PO 138 =
Microseopic character .. ... i et i iiradaeeiccanaenana 137
Minerals ... ...l i 138 , ;
L= o I 138
Chaleedonic silica ..o . .o, 138 .
o L - 138
ArSeROPYIite oo e ieiar e 138
Barite i e aac e mmaaas . 138 *
FIQOTIHE © o oo oo e e e eaas e 139
GYPSUIN et e e e e e cmeeeean 139
Btibnite oo e c i e e teaeeoa 139
- . Urantum mica ... .. 7.' ..................................... 140
Alteration .__..___.. e RN e 140
. Chemistry .____.__.. e e 1 i
Variations [rom the usual type of ores . __... e SRR 143
. Auriferousclay - ..., e e i eaaaan 143
Anriferous gouge_ . __...___... B SN S PR 144
. ... Quartzite ore (... e aenaa oo mao e as 144
weeeAreal distribiition,of.reifActory siliceousTbe. ...l 144
Bald MOUNTAIN. AR - - oo oot e e P g i eaee e e e eeaeans 44, e
S . Ruby Basin district ... ..o #7146
. .Buxton-Unjon group ._. 146
- Alpha-FPlutus-Mogul group 146 .
Portland district .2............ [ 5 149 e
.............. *Isolated mines cuoooeeo e iiirisaaariacam e eeaaae 1A .
- woow . Garden area U SR 150\4&
ce e o Leadarea. ool iiiiiiieieiaoioo. e rmeeeeana e PO, 131 \
R - Yellow Creekarea oo oo oo el 151 ~
cee-a Bguaw Creek area . .ol L iieaeeerrraesamreeaee e aaae 162 \:\\ -
..... B 1T L T o NP U £: 5 LY
,,,,,,,,,,,,, e ) T



. .
48 ‘CONTENTS OF PART II.

Cnapter II. Ore perosiTs 18 CaMBRIAN RocKs—Continued.

’ Gold and silver ores—Continued.
Refractory siliceous oree—Continued.
Detailed description—Continued.
The ore—Continued, . . . Page.
. L 153
Age of mineralization _ e 154
Orgin. el e e e et mem e eaeiaaanana- 154
.. . The mineralizing process ....co. . oooo. R S 1131
Direction ‘of flow of mineralizing waters .......... e ecaaraan 156
Derivation of ore minerals ...l ... 157
Methods of treatment _ . i 160
Methods of mining ... ... ... oii.ociooooooiloilL 160
Prospecting_ ___. e e e e m e e 161
Future of refractory siliceous ores __.___..._....... e nns 161
Pyritous ores ............... e U PN e 162
. Two Bit district. ... i e PP Lo 162
. CTungsten ores. oo .ol li.ioiiioiLo. gt 163
R o3 Y PP =
History ..... S 163
“ Qeeurrence _. ... e e e e e et ee e memamaeemmeeeceaianaanernnn 164
) Character e et ————- 185
Chemistry L eeeieeeaeeieaaaas 166
Concentration _—.......oo i iiiiiaiiioi i 168
VALHC oo oo JUSR 168
D OB 0N - L o e 168
Tead and silver ores. .. ... .veocceaoiciianann. e e I .. 169
Ores of Galena and vieinity [__.._..... A 169
. ‘ . Ageof mineralization . ... L. S 171
CHAPTER LII.  ORES IN CARRONIFEROUS ROCKS . .nnnennennemn s e oo iaeenes e 172
Gold and gilver ores. . i eieieiiceoia. . 172
Ragged Top district - :. 0™ L. 172
‘ Dacy group ........ .\.\....-_ ____________________ S 173
Microscdpicappenranéé of the,ore 7. . . [P 174
e o : . _M()’hgmicél character of the ore. .. .. = _______________________ 174
oy, MetallEStreak mine ... L. 175
_,urmUlster mine. ... ... _____.___: ...................................... 176
) Origin of the ores .........._____. e . 176
e _I',czfdandsilver_ores'. ..... . [PV URRU SO | 7 ¢
N //"f’ Carbonate diStrict . .o\ vn e L BT
i -:/ Cuarrer IV, ORes Ix RC)C'[{S OF BECENT ORIGIN .o ot oot iee ieice el a e e eeasraiaemenmnns 179
ra e s 179
,// Cnarter V. DETAILED DESCRIPTIONS OF MINES . S PR eeeiileee. 181
. //,, Mines in auriferous Cambrian conglomerate. . ... . e 181
f’_ # : ’ Pinmey openent oo oo e e v 182
,f/’._ﬁ’/ ) ' On'legamine.._......_._..._.J_._._.' ........................ 182
!



i

QONTENTS

OF PART 1L

Crarrer V. DETAILED DESCRIPTIONs oF MINEs—Continned

Mines 1n aurifernus Cambrnian eonglomerate—Continued. .

Momtor, Gentle Annie, and Hawkeye-Pluma mines.............o.ooiooooa.

Momtor ...
Gentle Anme _

Hawkeye-Pluma ... . i

Minea in refractory silicecus ores.____ .. ..

Bald Mountain area o ... .. e meeaaaaaan s

|

Retriever mine . ... ... .. ciiiri e e e

Stewart mine .

............................. mmmeeseeama o

. Golden Reward mne_ . ... .o

By Bonanza mine ...l Liiiieeaos

Fannie mine. .
Little Bonanza

MG i i iimie iiemmccc e

South Goliden Reward mne. ... et e e

Tradorah 1mine

Sundance mine ..o L i e imeeeee .

Bally mune. ...

Ruby Bellnnne. .o ..o ... ... e

Lucille mine. .
Ross-Hannibal

Union mine ..

Alpha-Plutus-Mogul group. .. ..

Chnton mine .

MINE (e e et i e e emcammmmmmmams

Alpha-Plutus mine. ... oo o

. 1.
Tornado mine

Great Mogul mine_.__..__.. U e

Lattle Tornado

MINE o ae i istermmcccctn e cccm e ssrann

Double Standard mine.. ..o oo

Boseobel mine

Hardscrabhle mune. ..o o ieenas

Weleome mine

Harmeny mine ... o.ooioiiin ceoiiiiaa.s .

Ben Hur mine

Baltuunre min

T T

Mines on the upper ore-hranng beds...__. ... . ... l..... et

4987—No 26—04——

Daigy mine. ..

Upper Welcome mine. . ... o iviivinioiaiee- ceen
Portland distriet cooeoeeeniiiaaa.-- R

Dividend nune

O BT 1IN . ¢ o e oo o i e i ceeaaaaaan

Two Johng mine. ..o e

Gushurst and Manchester mines. - ... .. ... _.o......

Tabhrador mine

Decorah mine

201
202
202
202
203
203



50 CONTENTS OF PART II.

Cmaprrer V. DETAILED DESCRIPTIONS oF MINEs—Continued. :
Mines un the upper ore-bearingbeds—Continued.
Portland district—Continued.

’ TroJan MmMINe. . oo i ceeaaieamenaaeaan —eean -
7 Alameds MINC. oo ie e e imaaeccmne e
Folger nune oo i
Perseverance IMIC. . e ieeemeacamaee -
Empire mne (... ool e tmmmmaae s e aan
Mark Twam mine. ... it rea e
Leopard and Jessie Lee niine

- . Burlington and Golden Sands mine

o Portland mine

Chinton My .o el e aeaeaas -
N - Gunnison mine

Lead area

. Sula inme

Deadwaad-Terra mine

- Big Misgouri mine

. - - Swamp Eagle mine ;

Hidden Fortune mine

- Durango HbDe oL s i i iicaa e

Garden ared - ...l e eaaceaas ceeiaa e

Penobzcot mine

. Kicking Horse mune
Blacvktail mine

Wells Fargo mine

Y
S

Ameriean ‘JFxpress mIne. .-
Yellow Creak area .. ouooeenovn oot . e emraeeeeeaaaean
.. Y Donelson traction

~ Wasp No 1

. Wasp No. 2, Lattle Blue, and Little Blue fraction
T - -.  Two Strike and Little Pittsburg.:

) e LR - R
. “+ wew- Cleopatramine ..o i .ail..s e eacmeacsanawaa [
Prates II vo XX .ol .o iz oovs -



/

- ' e
. ILLUSTRATIONS IN PART II. °
. -
L Page
Prarr 1T Houthern Deadw oad-Torra vpen ent. ... ... i dctmcmemmeeaeaaaanan 214
TII Mpecunen ot slate showing relation of folling to lammation. .. . . . ..... e 4
IV Sketch map ot 4 portion ot the northern Black Inile, showing the location of the
several spectal maps included snothis paper ... oo oooaialailn cie e e e 214
V' Gencral geologic map ok the northern Black Hills, <howing the location of the yanious
productive tnming atedas and their relation to the pedimentary formations 2 214
VI ¢eologie map ot Lead and vicmty, showing the location ot the aurtferouns gravels at
the base of the Cambrian and the general geology in the neighborhood ot the
Homestake lode..oooo oo oo Lol .ol Y.L . 2 €
VIL tarnetierous ore trom the Prlerce stope, Iomestake wane, showing secondary
quartz introduced between (L1) shattered garnet and (B) scattered carbonate . 14
VIIT &ketch map of the Clover Leat nnne, showing relation to surface geology .. - .. e 214
IX Map showimng the principal shoots of refractory «ilicevus ore 1n the Bald Moantain
area and their relaton to surface geology .__c. . .oaaioo -t - . e 214
X Dolomite or orc-bearng rack .1, xenomorplne vanety, B, automorphie varety. 214
XTI Type uross sections ot siliceons ore shoots showing various forms taken by mineral-
1z3tion prow eeding outw ard trom the supply g nesures EET TR P £
NII .4, Compoatte tructure or “yertiual,’” as ween 1n open cut of the Cleopatra miue,
Squaw Creek B, Mineralized fraciures or * vertnald’ in porphyry ncar the -
meuth of the Little Bonansa nune on south sude ot Fantal Grulch oo o0 214
NII1 Plan ot a portion of the Welcome mne .. .. ... . .. ....ol0 L.. 214
NIV Murowcopie seotions ot @lucous ore trome the Rows-Flanmbal mine U1, wathout
the polariser 12, wath the holariver (oo ce e e eieenn .. 214
NV Micrescopie scetions of Sliceows are, showing the pertect prezervation of the detaily
ot the origmal rock texture sfter complete replacement by wihca A4, without
the polaniser, I, with the polarniser.  ._._.. . cee e el .o 214
XVI Banded slicegns oie, No 2 shoot, Union wane, showing the preservation of qetll—/w
mentary bedding 1n the ore ... (Lo I <l 214
TXVII Geologie map of Ragged Top Monntain and siomt,, <howing posttion and direction
ot the mawn Ragged Top ““serticals, alro-the location of the Ulster rmne ... 214
XVIII Plan and cross rection of the Hawkeye-Pluma nune, showing the geologie relations
~ of the gold’bearing Cambmnan eonglomerate. . ... ceee M eees 214
XIX Fast-west crows <ection of the Tormado mine ceee ce-. 214
XX Plan and east-west cross section of the Great Mogul mine D 214



52

Fia

6 Folded and compressed quartzite band n glate .. _ __. e erieaan e
7 Sectiony of ore body, Father de Smet mine . ... ... ..o e -
& Plans of Homestake ore bodies on 300-500 foobt levels, o oo oo L.
9. Star-Old Abe sectiou of porphyry and ore (... .. e iaiiaaaa
10, Banding of Algonkian slate due to parallel arrangement ot graphitie material . ..., . .-
11 Direction of schistogity 1 muneralized ~chists. .o . . ... e eeemaaaan e e
2. Approximate geologieal section fromn Homestake vein eastward (after W B, Deverenx).
13. Sketch of “vertical,’” as seen in cross section, showing the manner in which it projects
from the surroumiing country rock on aveouttt of the resistant character imparted to
the adjolning material by sihetfication ..o 0 . e e e
14 Micro-drawimng of hssure 10 decomposed teachytoid phonolite, showing the character of
a ‘‘vertieal” after passing into the phonohte adpmning the ore, from a large dike
on the west side of the Tornado ore hody. ... Lo il e
15 Ideal section to show relations of greatest luteral extent of ore to the direction ot flow
of mineralizing waters ... R .
18, Crosy wection of a partion of Wo 4 rhoot, Union mine, showing the concentration of
ore beneath an lrregular p}‘ionohtu T
|
/
.
,
-
e g e -~

TLLUSTRATIONS IN PART IL

102

126

P



ECONOMIC RESOURCES OF NORTHERN BLACK HILLS.
PART IL--MINING GEOLOGY.

By J. D Iavine and 8. F. Estvoxs.,

INTRODUCTION., ’ -

This paper is intended to embody a description of the economically important
ore deposits in the Sturgis and Speartish quadrangles, in the northern Black Hills.
Inasmuch as this area includes the major portion of the mineralized and productive
territory, and as those few ore h9dies that fall without its limits have heen
described, the title has heen expanded to cover the mining region of the northern
Black Hills. The tin and gold ores of the sounthern hills are not included. The
work is chiefly of a descriptive character, and theoretical discussions are either
excluded or made as brief as possible. Generally the discussion of each clags of,
deposit is preceded hy a general statement of most of the important facts embodied i
in the more detailed description, so that the essential facts ray be readily grasped.

Acknowledgments.—The field work upon which the mining portion of this
paper is based was carried on during the field season of 1849. The work was done
by Mr. J. D. Irving under the direction of Mr. S. F. Emmons, who has written the
report on the Homestake mines. Valuable assistance was rendered by Messrs.
J. M. Boutwell and P. 5, Smith. Conjointly with the investigation of the mines,
the areal geology was studied by Dr. T. A. Jaggar, under whose personal direction
the field operations were conducted and to whom the writers are indebted for many
valuable criticisms and suggestions.

It is with great pleasure that the writers acknowledge the uniform courtesy
with which the owners and operators of the mines of the northern Black Hills bave
placed at their disposal information and facilities for investigation indispensable to
the preparation of the work. Acknowledgments are especially due to Messrs. T.
J. Grier, of the Homestake Mining Company, Angus R, McKay, C. W. Carpenter,
and Colone! Franklin for their endeavors to further the work carried on in their
mines, Many valuable suggestions are also due to the kindness of Dr. F. R.
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Carpenter. It is impossible to make special acknowledgments to all from whom
courtesies and assistance were rcceived, but of such as have not heen separately
mentioned too much can not be said in return for the aid which has heen so willingly
rendered.

Locution of the mining region.—The main productive: mining region of the
northern Black Hills is included within an area of about 100 squarc miles. Tt
extends from the town of Perry, on Elk Creek, northwestward to the town of
Larbonate, on the cast bank of Spearfish- Canyon, while its widest ag well as its
moat productive portion lies between Terty Peak on the southwest and Garden on
the nmthe‘ut Ouhldt, of this area 15 a small and comparatively undeveloped
district to the wost in the \'lcmm of nggel Hill. i

Within the main mining region occur many and very diverse types of ore
deposits, some of which oeeur mamly in the rocks of the older geological formations.
These deposrts in each case have features characteristic of the geological formation
in which they occur, so that for purposes of description they may he most logically
classified under the h[ead‘ of these geological formations. In this way the following
" five main divisions may he distinguished: {a) Ore deposits in Algonkian rocks, (b)
ore deposits in Cambrian rocks, (¢) ore deposits in Carhoniferous rocks, (d) ore
déposits in eruptive rocks, (¢) orc deposits in rocks of recent formation.

The relations of these difterent groups of ore deposits to the rocks of the several
formations of the Black Hills are shown in PL V (p. 214) and fig. 1 (p. 18).



CHAPTER L

ORE DEPOSITS IN ALGONKIAN ROCKS.

The ore deposits ovcurrmng in the metamorphic schists and other rocks of
Algonkian age constitute the most important as well as most permanent fﬁctqr
in the mineral production of the northern Bluck Hills." They may be subrdivide'd
nto gold ores, copper ores, and tin ores,

GOLD ORES. i

Of these three divisions the first, or that of the gold ores, has thus far been
the only one of importance. There are three mines that have viclded ores—the
Homestake mine, the Clover Leaf mine, and the Columbus mine. Pl VI shows
the location of the Algonkian lodes and their relation to the stratigraphy.

HOMESTAKE MINES, ! .

By 8. F Emwoxs

The Homestake belt of mines extends from the town of Lead and Gold Run
Gulch northwestward across Bobtail Gulch to Deadwood and Sawpit guiches,
covering thus an area over a mile in length and about 2,000 feet in width.

The gold product of this group of mines has always overshadowed that of
all the other mines of the Black Hills together. For a long time it constituted
ahout 90 per cent of the total product of the ,h%ll‘s, although it was somewhat
less in the early days, when placer mines were more productive. Since 1890,
however, with the increasing development of the siliceous ores of the Cambrian,
this proportion has gradually decreased to 60 per cent, 1n spite of the fact that
the actual product of the helt has steadily increascd.

DISCOVERY AND DEVELOPMENT,

i

- DISCOYERY.

For many years reports had heen current among Western pioneers and pros-
pectors of the cceurrence of gold in the Black Hills, reports that became unduly

aNone of the ore deposits of what 1 known as the southern hills are ineluded 1n this treatment, as they arce entirely
without the area mapped This will account for the omission of many of the now quite mnportant gold-producing
properties that cceur seuth of the town of Perry .
' 55
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magnified for the very reason that they could not be verified because of the
jealous care exercised by the Sioux Indians in keeping miners and prospectors
from this the most valued portion of their great reservation, which, by the treaty
of 1858, comprised all of South Dakota lying west of the Missouri River. These
reports were, doubtless, mainly founded on the story of Father de Smet, u Jesuit
mussionary of Belgian birth, resiling among the Sioux in the first half of the
nineteenth century. He stated that nuggets of gold that came from the Black
Hills were shown him, and that he was assured that there was a mountain of
gold where the nuggets came from. Subsequent investigation proved that the
Indian mountain of gold was nothing more than a formation of veliow mica; but
this probably found fewer reporters and believers.

The military reconnaissance by General Custer in the summer of 1874, which
actually penetrated the hills, was accompanied by a geologist (Prof. N. H. Winchell)
and several miners and prospectors,.and actoally did discover gold in the stream
beds of the Harney Peak region. After the return of the expedition the miners
who had acecompanied it organized a party supposed to be strong enough to protect
itself against the Indians and established themselves in a stockade on French Creek.
Under the treaty of 1858 the Government had bound itself to protect the reserva-
tion against the encroachment-of white men, so this party was brought back to
Fort Laramie by a company of United States cavalry in March, 1875, Steps were
taken to prevent the inrush of miners which seemed likely to follow, it being gen-
erally understood, however, that the Government would take the necessary steps to
secure a recession of the hills by the Indians so that they might be thrown‘open
to peaceful and legal occupation. '

As some doubt was felt by persons of high authorlty whether gold did exist
there in remunerative quantities, the Secretary of the Interior authorized a geolog-
ical examination of the hills to determine the true facts regarding the nature and
value of the mineral deposits. Accordingly, the geologists, W. P. Jennev and Henry
Newton, with a strong military escort, were sent there in May, 1875. This expedi-
tion, whose final report for vatious reasons was not published until 1880, made a
less thorough examination of the northern part of the hills than of the region farther.
south, where gold was first discovered, becuuse the northern portion was so thickly
covered with forest growth as to render it almost inaccessible. -

The region of the Homestake mines was not even reached by the party of
Newton and Jenney in 1875, but some of the men attached to this party remained
behind to prospect after it was broken up for the winter. The first mention of the
region in print is found in a letter from T. H. Mallory to W. P. Jenney, dated
January 31, 1876.¢ Mallory stated that he had found abundant gold in the gravels

T
" aXNewton, Henry, and Jenney, W P, Report uvn geology and resourcey of the Black Hills U 8 Geog and Geol Sury,
Terr, 1880, p 282

-
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of the various streams around Whitewood and Deadwood gulches, and characterizes
the region as the best place in' the hills for a poor miner. '

The Homestake and Old Abe deposits are said to have been discovered in
April, 1876, by two: French boys, Moses and Frederick Manuel. The Highland,
Golden, Star, and other claims now included in what is known as the Homestake
belt were located later in the same year. During that summer the work was
mainly that of the prospector. At thie surface was tound a great extent of iron-
stained rock (chloritic slates, quartz, and porphyry) which carrvied gc‘)ld, sometimes
as much as $16 per ton, but in general of much lower grade. -Although it was
difficult to make such determination of the form or boundaries of the ore bodiés as
would give an idea of their probable value or permanence, yet public expectation
had been so excited with regard to the assumed mineral worth of the hills that four
of these claims found purchasers within the year at prices varying from $30,000
to $165,000. In 1877 they Wwere examined and reported upon by such well-known
‘and experienced mining engineers as William B. Farish, Louis and Henry Janin,.
and Augﬁstus J. Bowie, jr., in the interests of prrominent mining operators and
capitalists, among whom were J. W. Gashwiler, George Hearst, J. B. Haggin, and
Lloyd Tevis. .

At the time these examinations were made -the developments consisted only
of open cuts, or shafts not over 50 feet in depth, yet by the following year the
various claims within the -belt had been purchased and four large gold-mining
companies had been organized and were in active operation. Three—the Home-
stake, the Father de Smet, and the Highland—had been incorporated in Cali-
fornia, and one—the Dendwood-Terra Company—in New York. Their properties
were comprised in a belt about 1% miles long, extending in a northwesterly
direction from Gold Run on the south to Deadwood Creek on the north. The
group of claims constituting the Homestake mine occupies the southern end of
the belt and is succeeded on the north by the Highland, Golden Terra, Deakiwood,
and Father de Smet mines, in the order named. Not long after the mines were
opéned it was found advisable to work them under-a single management, and as
time went on the Homestake Company came either into éontrol or into actual
possession of the other properties in a manner and to an extent not generally
known to the public. The result' hias been that the name “ Homestake” has been
applied to the whole helt and the other properties are often spoken of as if they
‘were simply parts financially, as they are geologically, of one great property.
This practice will be followed here, except so far as it has®been possible from
accessible published reports to segregate the bullion output of*-the different
companies. . . el

The history of the Homestake properties, could it be given in full from 1878
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nntil the present day, would be. a most instructive one. It would describe the
development of very low-grade bodies of ore in the face of great natural obstacles,
and with a margin of protit necessarily so small that a very slight error might turn
it into a loss; yet the company -has heen so unifornly successful that at no time has
it been found .necessary to -suspend the regular monthly dividends to stockholders.
As it has been the policy.of the company not to make public anything more than the
general financial results of its business, the 'puhlishe(l data with regard to it are so
mcomplete that it is only possible here to give a general sketch of its history; which
may not be strictly correct.in all its details. .. ) ,
:In a latge degree the uniform success of the properties has douht1e-5 heen due
to the:fuct that those who furnished .the .capital for their development were men of
practical experience in the management of large mining. enterprises.  Both in pur-
chasing and developing their property they took the best scientific udvice, and were
willing to spend  money freely in accordunce with this’advice. Furthermore, after

- having convinced themsclves that their manager at the mines was a man of ahility

. = . -" -
and integrity, they. gave him free hand and did not hamper him in his work.  To
the two men who have had the entire management of its affairs since their inception,
; .

. Samuel McMaster up to 1885 and T. .J. Grier since that time, is due a great part of

the eredit for the remarkable success of, this mine.

RFD‘[J CTI ON OF ORES,

1 -

1t was evident that f01 n proﬁmhle working of such very low-grade ore as was
fonnd here it was necessary to handle very large quantities and at very low cost.
It was possible to.mine at very low cost, for the ore hodies, Iying on rather steep
hill slopes, could he worked in open cuts or actually quarried. The ore, moreover,
was free milling and of a nature to he very readily crushed, hence the proper way .
way to increase the mill capacity as fast as was consistent with successful wor king
and a judicious expenditure of capital. Timber was abundant in the hills, though it
had been cleared away or burned off from the immediate vicinity of the mine. QOther
supplies 'had to be hauled-from the Union Pacific Railroad, or from the Missouri
River, a distance. of 200 to 400 miles. |

.In the summer of 1875 two stamp mills, one of 80 stamps at the Homestake mine,
and one of 100 stamps at. the Iather de Smet, were put in operation. In 1879 the
Homestake Company. had a second mill of .120 stamps running, and mills of 80
stamps each were built at the Deadwood and Caledonia mines. In 1880 the Highland
mill of 120 stamps and the Terra mill of 80 stamps were added, making at the close
of that year,a total of 740 stamps employed in crusling the ore from this belt, with
an a.ctu'll capacity of 2 to 3 tons each per twenty-four hours. .

Au:ordmg to the first report of the Homestake Company, which givesan qu,ount
of the operations for twenty months up to September, 1880, the average yield.of the
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ore had bheen $3.60 per ton'up to June, 1879, but when all the ore between the walls
was taken without soi‘ting, thus decreasing the cost of mil.ling. this yield was rednced
hy $3 to $5 per ton.  Jt increased again later, when higher grade ore was found in-
the 100-foot level, to $7.65:% meanwhile, the cost of milling had been brought down
‘to 90 cents per ton in the 80-stamp mill, and 717 cents in the. 120-stamp mill; -To
-hbring about such low costs it was quantity rather than quality of work that bad
been aimed at; hlankets and concentration machinery were not emploved, hecanse on
the concentration of the small amount of pyrite contained in the ore it was found
that the pyrite assayed only $8 per ton, hence was not richer than the ore.  Moreover,
by an assay of the tailings, it was found that the mills were extracting 75 to 80 per
cent of the gold in the ore, which was u satisfactory yield under the circumstances.
- Inanorc of this character it i impossible to distinguish by the cye alone that
which will pay to mill from that which will not, and the practice has been adopted of
panning each day a 2-pound sample of ore from every fresh facein the mine. Power
is used to manipulate the pestle, which reduces the fragments of ore to a sand fine
enough to be easily panned, and the man who does the panning has by long expe-
rience acquired such skill that he can pan 60 samples per duy and estimate their
value by the eye within 25 to 50 cents. These estimates are checked ‘from time to
time by fire assays of the l'ich’/éamds left in the pan.  Although this method of valua-
“tion appears very crude, it has the sanction of twenty years’ practical experience,
during which it has evidently given satisfaction fo those emploving it.

The mill eapacity of the Homestake Company, which had an aggregate of 200
stamps in 1379, was increased as time went on by the enlargement of existing mills
and the acyuiring of new ones, until, as the report of 1898 shows, there were, on
May 1 of thut year, 540 stamps dropping on Homestake ores alone, -The Father de
Smet and Caledonia mills, with un aggregate of 160 stamps, had long since ceased
working, as no morve ore was heing produced from those mines and they were not
readily accessible from liead. which the southward pitch of the ore rendered the
most central point in which to concentrate the work of the mines. .

As greater depths were attained in the mines the amount of unaltered pyrite
in the ore increased somewhat, though not as much as in most mines, and although
the management still claimg that these sulphides contain no more-gold- than the
avernge of the ore. it is evident“that it was not ¢onsidered good poliey to neglect

. this part of the produet, whose gold was not extracted by amalgamation.. The
“concentrates from the mills were sold for a time to the pyritic smelter at. Deadwond,
and to the chlorination works at Pluma, while a small ¢yanide plant had been erected
by the company for experimental work. Tt is significant that, as is+shown by the
report of 1900, another large cyanide plant of 1,200 tons daily capacity wab:-building
by the (-(;mp:my and expected soon to be in running order,

a Yurther details as to yield of ore will bhe found in tables g-;ivcn on page 63, .
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The number of tons milled has increased annuz.tlly from less than 200,000 in the
early years to nearly 900,000 in 1900, but the costs chargeable to milling, as well as
“can be determined from the finuncial statements in thc reports, still amount to about

80 cents per ton in round numbels “
MINING DEVELOPMENT.

The erosion of Deadwood Bobtail, and Gold Run gulches had In‘tde cuts 250
to 400 feet below the hase of the (Jambrmn beds, or the highest points of the
ore remaining on the intermediate ridges, and as the slopes of these ridges were
quite .steep the first mining was done by open cuts or quarries; then tunnels were,
run on a level as near the bottom of the guich as was practicable and the ore
dropped through chutes into cars in the tunnels. On cither face of the porphyry-
capped ridge hetween Deadwood and Bobtail gulches, which cut across the mineral
bed nearly normal to its strike, the quarries exposed rock faces about 200 feet
in height, which afford admirable opportunities for studying the structure of a
mineralized rock. Between the Highland shaft and the Star shaft of the Home-
stake mine, where the ravine runs approximately with the strike of the ore belt, is
the greatest open cut in the region. This cut is about 800 feet long and 200 to 300
feet deep, its bottom being 100 feet below the collar of the Star shaft. On its sides,
also, there are good rock sections' which show the porphyry bodies coming up
through the slates and spreading out in horizontal sheets between the Cambrian beds.
As an instance of the scale on which these quarries were mined in the early days, the
record shows that in 1832 a mass of mineralized rock 100 feet long by 70 feet wide
and 100 feet deep—say about 5,000 tons—was broken down by a single shot. There
was necessarily a limit in depth to which this method of mining could be carried,
and vertical shafts have subsequently been sunk at various points within the belt,
from which levels, at vertical intervals of about 100 feet, run out under the quarries.

As will be shown later, the ore bodies pitch rather rapidly to the south; hence
the northernmost mine, the Father de Smet, was the first to reach the hottom of
the pay shoot, and this mine ceased producing in 1886. On the other hand, ‘the
Homestake properties at the southern end of the belt have not yet reached the
bottomn of the.shoot, the Golden Star, or central. shaft, heing. ‘now 1,100 feet deep.
A new shaft, the Ellison, is-being sunk about 1,000 feet south of the Star shaft on
the south side of Gold Run, and is intended to be used for working the lower
portion of the ore belt on its southern extension beyond where any ore shows at the
immediate surface.. In Wworking.the great bodies of ore it is often necessary to
leave chambers‘several hundred feet in length and width, and the Comstock system
of square gets of timbers, or else huge timber cribs filled with waste rock, are used

et . .
- aThese figures are obtained by dividing the gross amount of ¢expense assumed te be chargeable to milling by the
number of tnns milled. Doubtless the costs might be figured considerably less if they were strictly confined to the
actual runnlng cost of each mill.
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to support the roof and walls. In the Homestake mine the waste rock is taken
from the hottom of the great open cut and sent down to the stopes through a shaft *
or rock chute. 1Itis evident that mining costs must increase with depth attained.
On the other hand, the increased cost has been offset in a measure by improved
transportation facilities, which have lowered the cost of supplies of all kinds. The
amount of water in the mines iz not excessive, except in the spring, when the
melting of the snow sends a considerable amount down through the open cuts.
It is not, however, a disadvantage to the mines, since it can be used in the mills,
for one of the principal costs in milling operations i that of obtaining a sufficient
supply of water.

The actual cost of mining per ton of ore milled is nof, known to the writer, hut the
aggregate cost, ns taken from figures given in the Homestake reports, and counting
in all mining work, exploratory as well as the direct’ cost of extraction, would
appear in late years to have heen u little over $2 per ton, whereas in the report of
September, 1850, it was given as ¥1.33, or. caleulated on the above hasis, $1.70.

MEANS OF COMMUNICATION.

As has already heen stated, when the mines were first opened the nearest rail
or water communication was by the Missouri River, about 200 mile» distant, or the
Union Pacific Railroad, about 400 miles distant. As wood was used for fnel as well
as for mine timbering, a large amount was necessarily consumed, and the company
soon began the construction of a narrow-gage railway, which at first only ran from
the mine openings to the mills, but was later extended through the timber belt in
the direction of Rapid; 25 miles of this road was completed hy 1882. By 1886 the
* Fremont, ~ Elkhorn apd Missouri Valley Railroad, now a part of the Chicago and
Northwestern_ system, was within 50 miles of Rapid, and in 1837 bad reached
Whitewood. About this tine, however, the tenor of the Homestake ores was falling
off, and thev were carrying 7 to 10 per cent of sulphurets, which did not :ﬁ!nalgamate,
and hence yielded nothing. ' This probablv accounts for the slow progress of the
various roads in the immediately subsequent years. By 1840, however, prospects
were better in the™ mines; the Chicago and Northwestern lewayfh.td reached
Deadw ood, and the Bur hngton and=Missonti Rlvm.-RalIroad “coming up from the
sonth, had reached Hill City on its way to the same point: a narrow-gage railway
connecting Deadwood with Lead had bheen built, and the Homestake Railroad had
been extended to Pledmont on the lie of the Chicago and Nor thw estern Railway; a
pyritic smelter had been built at Deadwood, and a large chlor nntm;\pln I‘]}. at Pluma.

Since 1891 there have heen two rival trunk lines, the Northwesternmnd the
Burlington, competing for the mining business of the Black Hills, and spurs Hay S
been built to every mine of importance, so that in the last decade transportation
charges have probably been much lower than ever before,

2l
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;. Water has always heen.a considerable item of_expense-with the Homestake
"Company because: of the. large amount required for their stamp mills. It early
acquired all the sources of water supply in the neigh-borhood; then a water company.
was organized, which constructed pipe lines and ditches to.the heads of the nearest
streams, and finally to, the head of Spf,arﬁsh River. This company, together with
the Homestake Railroad,. which was also.organized as a separate compdn_y has
recently by consolidation been merged into the Homestake Company.

“PRODUCTION.

The following table, msade up from data contairiéd in the financial reports of the
Homestake Company, gives its production from January, 1878, to June, 1900,
together with the amount of dividends distributed to stockholders. The record
speaks of only éonc assessment, of $200,000, which was apparently the total outlay of
cash for developing the mine and putting it on a paying basis. In the twenty
months’ period from January, 1873, to September, 1880, $600,000 had been paid in
s dividends, and $1,465,675 for plant and working expensels, leaving a halance of

$107.48 in cash on hfmd Cost of plant is charged as $303,475.

.

Pr oduccmn of the Homestake Mzmng Company.

. - ' . Totel value of ' e

Year ending,, Ore milled, - Bu}lin)n. Gold. Silver, gmﬁiﬁ?d- Dividends,

s Tons. Ounces.

June 1, 18810 __..__.... 411, 358 167,861 | $2,801,026 | $29,436 | $2, 831,890 $990, 000
June 1, 1882, . _. eeea -~ . 180,514 72,920 | 1,222'400 13,366 | I, 237, 161 422, 500
Jane 1, 1883 .. ... ..... 179,074 | . 70,841 | 1,183,680 | . 12,545 | 1,196,394 600, 000
June 1, 1884 .. _......_. 191, 505 67,776 | 1,142,599 | 11,808 1,154,681 400, 000
June 1, 1885. ... .. _. Tl 213180 [0 T2,847 | 1,224 484 | 12,466 |, 1,236, 967 843, 750
June 1, 1886 . i nns 219, 165 76,502 | 1,204,960 |- 12,0291, 306, 9897 612, 500
June 1, 1887. ... ....... © 219,290 56,178 950, 343 8,189 95875327 450, 600
June 1, 1888......0...] 243,355 52,737 | - 895, 822 7,585 903, 407 300, 000
June 1, 1889 ... :. . .... ©28p, 774 1. 06,848 461, 907 8 117 970,744 | 275,000
June1, 1890 . _._......:|" 267,557 58, 356 980,243 |, 8,597 988, 840 150, 000
¢ Junel, 1891... ... .| 319,130 65,987 | 1,110,361 | 11,115 | 1,121,476 150, 000
Junel, 1892. ... .. S 821,495 72,630 | 1,217,958 | - 11,106 | 1,230, 546 150, 000
June 1, 1893 . 294,530 | ~ 66,905 1,118,602 L9, 347 | 1,127,949 +150, 000
June 1, 1894 are _...309, 210~ - B2 665, M], 371,568 7 _9y341 | 1,308, 850 181, 250
June 1, 1895 ' 3‘6“020‘ =T 00,991 | 1, 505 0aw™”™T 9,307 | 1,546,138 318, 750
" Junel, 1896.. .. .. .:i.-. --245, 220 60,322 | 19156,785 | - 8,090 | 1,177,616 375, 000
June 1, 1897 ... _..... 395,530 | 110,851 | 1, 840,674 13,112 | 1,899,725~ 875, 000
June 1, 1898 .. ... . f 548, 390 149, 2837 2,467,997 15,377 | 2,518,026 500, 000
June 1, 189%9. ... 4 -___020 479, /’1:2 543 2,687,281 18,509 | 2,725,196 750, 000

June 1, 1900. . __ 89] B85 | - 227,695 | 3,557, 387 26,338 | 3,658,956 1,175, 000

/}ml oot e Ao 685,771 | 1,870,719 | 30,674,132 l 256, 019 | 31,190, 083 8, 668, 750
~ —_—e N B -
"MTI)& figures in the column * gross produet*” are slightly in excess of the sim of those in the “gold” and “glvor’
e columns, because 1hev include the preminm of exchange, and in the last six years also the amount received from-sule of
/ concentrates.
/’5- ~  bFrom January, 1875, to June 1, 1581
e
W
/9’ L3
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The following tahle gives the average yield of ore per ton milled at different
annual periods during this time. There are no data from which to determine
accurately what the actual content of the ore was, or what the loss has been.
The method followed of assaying the tallmgs from time to time is not entirely
accurate, for it does not take into' account what loss there may have been of
float gold, which, as its name indicates, would have floated off with the water
and pot settled with the tailings, and hence in such an ore might have “been
considerable. The table also gives for the same period the relative portions of
gold and silver in the bullion produced, both by .weight and by value.

Average yeld of ore and relative proportns of gold and silver. - .

average | oo Raltool g\old tosilverin bullion,
Perund vield of ore bullion

treated By weight By value

Per fon ) )
Up to September, 1880 .. ... ...l ...oolL. $6 90 8156 1 4 90 to 1 96.4 tol
June, 1881, to June, 1882 (... ... 6 85 808 6 4 6itol 4.3 tol
June, 1882, to June, 1583 ____ ... ... 6. 60 808, 0 4 60tol 91 4 tol
June, 1897, to June, 1898 ... ... ... ..., 4 60 793.0 4 29t01 | 160.0 tol
June, 1898, to June, 18W ... ...l L e 4.40 768 0 3 98to1 143.0 tol
June, 1898, to June, 1900 . L. ... 4 10 » 770.0 3.88to1 135.0 tol
Tutal product to June, 1900, ... ... 5,485 |l 119 8lto 1l

It is claimed by the management that there iz no appreciable falling off in
the tenor of the ore with depth, yot the above figures seem to show a remarkably
uniform deerease in its average yield. It must be admitted, however, that these
figures aré not necessarily conclusive. During the first three periods the *ore
would naturally have heen somewhat richer than that found at greater depths,
because it would have heen cnriched by the oxidizing action of surface waters.
For the last three annual periods it is necessary to remember that the number
of tons treated has been increasing very vapidly, and it is very possihle that the
average yield has been lowered by the nmulling every year of a_larger amount of
low-grade rock. It is’ a—ﬁltcap()ssi]1]FffIll_df'e()V_BI‘,‘—t‘h‘\dtl;.\l'hEll the company treats its
own concentrates there mav be a mwing that may sensibly increase the ay erage
vield of its ore. As vet it can not héssad that there is any conclusive evidence
of a decreuse in value with depth in the sulphldc or un.ﬂtmed zone. .

The other columns in the table were arranged for the pmposemf determining
whether there wis any uniform change with depth in the proportiotie, of gold
and silver in the bullion. Kor this purpose the figures in the last column ax c-nf
no value, since they are based on the commercial value of an ounce of SllVCl which
has been too variable to make it worth while to reduce it back to a conuuon unit,
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The others are deduced from proportions of gold and silver which are tabulated
in the reports for each bar of hullion. In this case the average during one or more
selected months has been given to represent the- character of thc bullion during
the year. The bullion is remarkably free from impurities other than silver, the
average of such impurities being less than 2 per cent, the ore yielding about 80
per cent gold and 18 per cent silver. ; :

In considering the edrlier and later groups of years the decidedly larger ratio
of gold in the upper over the lower levels would be accounted for by the superior
solﬂbifity of the silver, in consequence of, which a larger proportion would have
leached out, but in the last three years in the lower.levels there appears to be a
slight, though not absolutely certain, tendency for the proportion of silver to still
continue to increase. It will he of intercst to observe in the future whether this
tendency still continues with greater depth.

. The.next table gives the total yvield of all the mines of the belt up to June, 1900,
from figures kindly furnished by the officers of the Homestake Company. The
dividends paid in the same year are also given, as far as it has been found possible
to ascertain them; but it is evident that they are not complete, especially -in the
case of the Highland mine. ‘

The product of the Columbus mine should he added to the total, as it forms
part of the belt. Its amount is, however, not known. The United States Mint
returns for 1891, 1892, and 1893, give an aggregate of &88 618.41 for this mine;
for other years its product was not segregated.

Total product of the Homestake belt up to June, 1900, with relation of product to dividends.

O — Producs e June | Pividendsin=.Fer contof
Homestake . . ..o.oooooe .. [ $31,190,143 |  $8, 668, 750 7.7
Deadwood-Terra {ceased in 1898) ... ... ... .. _........ 11, 073, 065 1, 500, 000 13.5

D Highland ..., 12,018,810 |o oo
Father de Smet (ceaged in 1886) ........................... 3, 259, 383 , 1,110, 000 3.1
Caledonia (ceased.in 1893) . _....... et 2,345,621 |-7 184,000 C 8.3

e s o e e —
Total.......... AT EET L L vvioe(ee-B9; 856,822 | 11,472,750 ... ..

The dividends ot the Homestake and- Father de Smet mines aro probably cor-
rect. It will }39 poficad that thespercentage of dividend to product is greater in the
case of the laéfar than-in“the former. Thls is due, probably, to the fact that the De
Smetumme worked only on the richer ores near the c,luface which have been more
/»casﬂy milled than those of the FHomestake. No ﬂ.t.tempt has been made to calenlate
the percentage of dividends to product for the whole belt, inasmuch as it is evident
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that the Highlan(i mine must have paid some dividends and probably of similar ratio
to the Homestake, but it is not known what they were, . .

It may bhe instructive to compare the results obtained in working this mine with
those of zowe mine of an opposite type, whose ore instead .of being exceptionally-
low grade is nnusually rich. For thix purpose the Portland mine, of Cripple Creek
district, Colorudo, has been chosen, since it publishes very full reports and has
been under one managment from the start. The figures given below are taken
from the eighth annual report, which gives data up to December 31, 1901.

; .
Compeerative yield ond dividends of, Homestake and DPortland mines,

’ Homestake mine | Portland mine,
1
Length of period considered ... .. .l 22 years 5 juonths. .| 7 vears 9 months,
Gross vield of ore in respective periods .o L L. E31,100, 143 ... .. $13, 138,525,
Dividends paid in respective periods. .o oo oL 58, 688, 750._- ....... 4,027,080,
Range in value of ore per ton .. e B2t $I16 ... ’.‘Bﬁ o0 andupwanl,”
Average vield per ton of ore treated dnring periods, .. i S T §44:
Net yield uf ore during last year of respective periods. | S 1000 o L. 823,
Dividends to gross produet o ool cee) 277 per cent.. o, .. 30 per cent,
T

These figures are of interest to those who propose to invest in mines. but of
less value to the student of oie deposits in general, since they do not give the -
actual contents of the ore in each case, hut only the amount which has heen extracted.
On the other hand, they do give the actual commercial results of two important
and well-managed minés. The figurex given for the range in value of the respective
ores are svmewhat arbitrary, but thev are such as might be gi\'(-}n by 4 ‘conscien-
tious promoter. Probably still higher values might fairly have been given-for
the Portland ores, and to the average investor these high values would present
incomparably- greater attractions than those turnished by the.Homestake figures,
which are possibly put vather high. ' '

The actual results of many yvears’ mining work are of comparable proportions, .
$46 per ton average yield fur the Portland ores against not uite £5.50 for the
Homestake ores, or nearly nine times as much, while the pereentage of dividends
to gross yield, which corresponds as nearly as possihle to the percentuge of profit
in an ordinary business. is only 30 per cent as against 275 per cent, or less than
10 per cent more, for the richer ove. . . '

It may he said that the Homestake is a tree-milling ore, while the Portland ore,
being a telluride, is not. and hence costs more to treat. On the other hand, the
Portland mine has been running only abount one-third as many years as the Home-
stake, and on comparing the average vield for the last year with the average yield

4987—No. 26—04—35
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since the inception of work, it is seen that in the Portland mihe the yield has
fallen off 50 per cent from the average and in, the Homestake only about 25
per cent. -

This is merely a praLtlcal demonstration by actual tigures of what is well
known by all experienced mining men—that as a purely husiness proposition a
very large body of low-grade ore is preferable to a moderate- sized body of very
rich ore. _ ) -

N GEOLOGICAL DESCRIPTION.

: _ SURFACE GEOLOGY.
The town of Lead, which has a population of whout 4,500, made up mainly
of persons directly or iindirectl{y dependent on the Homestake mine, occupics a
basin-like valley at the head of the narrow ravine of Gold Run, down which runs
the narrow-gage railroad that conncets the town with the trunk line in White-
wood Valley, about 350 fect below. The rather flat-top ridges thut overlook the
town on the novth und south are occupied by remnants of the horizontal Cambrian
strata and their included sheets or sills of porphyry that have escaped erosion,

‘while on the divide directly southeast of the town is found a body of Tertiary

- Algonkian slates.

clays and marls containing vertebrate remains that identify it as belonging to
the White River formation, Below these capping rocks, whose maXimum thick-
ness in this vii:inity is about 200 feet, the valleys arc entirely carved out of the_

The main street of the town of Lead tollows the general direction of Gold
Run westward up the ravine, while subordinate streets cross it nearly at right
angles. The lower or easternmost of thesc cross streets iy approximately in the
direction and position of the original outcrop of the Homestake lode. East of
it, extending across the head of Gold Run Ravine, are the main ofﬁ(‘:es, mills,

“and hoisting works of the Homestake Company. The mine openings extend up a

northwest branch ot"t.he gulch, in the upper pa;'t of which, ahove the Star shaft, is
the -great open cut of the Homestake "mine, while another smaller open cut lies
farther eastward, back ot the Homestake miil and between the Star and Old
Abe shafts.

The eastern and northern walls of the Homestake open cut present a cliff
section, 200 to 300 fect in height, of the mineralized slates which form the
Homestake ore. In. this section are seen many veins and lenses of quartz and
intrusive dikes and stocks of white porphyry. These stand out in strong con-
trast to the.dark iron-stained slates, but their outiines are much ohscured by
the talus slopes of broken rock which is being drawn off from the bottom of
the cut and sent down through chutes to the mine below to fill the cribs that
support the walls of .the great ore chambers. :
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At the northern head of the cut the apex of the ore zone is well exposed
where it passes under the Cambrian beds. The basul conglomerate of the Cam-
brian is here wanting, and Sandy shales with some brecciated material rest directly
on the Algonkian surface. The porphyry here oceurs in several parallel sheets
a short distance above the base of the Cambrian, and by following them eastward
along the railroad track one can distinguish points where a sheet bends down to
connect with a dike coming up through the Algonkian -slates, ‘Remains of a still
larger sheet cap the ridge, forming small hills. ' ‘

Still farther north are other open cuts. one on either side of Bobtail Gulch
above the old mining hamlet of Terraville—the Deadwood-Terra cuts—and one
on the south wall of Deadwood Gulch ahove Central -the De Smet cut. These
are on the main Homestake zone, and farther east, south of Terraville, there is
another cut on the Caledonia ore body. v - '

While these cuts are not so deep as the Homestake cut, not going below
the beds of the respective gulches in which they are situated, they present an
even better opportunity for studying the structure of the:ore-bearing slates, the
contact of the overlying Cambriun beds with the Algonkian surface, and the
intrusive bodies of white porphyry within these beds. On the west side of the
cuts what is called the west wall .of the ore' body, the only one that is fairly
well defined, is generally easy to distinguish. It dips eastward at approx:
imately the same angle as the lamination of the slates, and on it the lines of
piteh, which incline southward at an angle of about 23°, normal to prominent series
of‘joint planes, are readily distinguished, as shown in the view of the Terracut
on PL II{p. 214). In this view also the base of the porphyry hoay is seen to cut
across the Cambrian, beds at a low angle, leaving a wedge shaped mass between it
and the Algonkian surface. . .

The northernmost extension of the outcrop of the Homestake lode is in Sawpit
Grulch, northwest of the De Smet open cut, where are the workings of the Columbus
mine. Beyond this the Homestake lode disappears under the capping of Cambrian
beds in the hills to the north, but a vertical in these beds, apparently on_theé
same line of fracture, has given rise to a deposit of siliceous ore in the latter beds.
" The Columbus mine has been abandoned for some “years, and its underground
. workings were not accessible. They are said to extend:from the bed of Sawpit
Gulch to Deadwood Gulch, and are opencd by a 200-foot shaft in the former
gulch. There ure trench-like open cuts on either side of Sawpit-Gulch which
‘show rocks similar to those of the De Smet cut with abundant quartz lenses, and
the mineralized ore body appears to be about 40 feet wide. .

South of Leéad there does not appear to have been much evidence of ore on

. the surface along the line of the Homestake ore zone. \Tevelthelebs as it was
]
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generally understood that this ore body was pitching to the southeast, s tunnel
was run in from the level of Whitewood Gulch at the base of the steep face of
the ridge that divides it from Lead Valley. It was intended to intersect-the
southern extension of the Homestake body and runs diagonally across the slates
and in a direction more to the west of north than the trend of the latter. It is
2,500° feet long and said to comnect with the 300-foot level of the Homestake
workings, being now the property of that company. It was not accessible at
time of visit, and it is not known whether it found payable ore or not.

,Ihe best surface cxposures of the slates and intrusive porphyry dikes are
secn between the Star shaft and the Caledonia open cut. A cross section on this
general line was very carefully measured by the geologists engaged in mapping
the areal geology of the region, and the result is given in fig. 4 (p. 27). The section
shows ten different dikes or stocks of porphyry crossed.

ORE MINERALS, o

The ores of the Homestake zone are rather ill-defined masses of rock sufficiently
impregnated with gold to-pay for working, but otherwise hardly to be distin-
‘guished from the country rocks in which they occur. They are singularly‘bm'ren
of the usual ore minerals. The gold occurs in so finely divided a state as rarely
to be visible, even with a magnifying glass. Where observed, it was found in
the leaf form and without evidence of -crystalline structure. Besides gold, the
only other metallic minerals are pyrite and arsenopyrite—the former by far the
more abundant—which are irregularly disseminated through the ore, generally in
very small orystals. While their presence is an a priori indication of values,
they can hardly be comsidered as essential constitnents of the ore, for they are
often wanting in the relatively rich portions.

[ :
GANGUE MINERALS.

The nonmetallic or gangue mineral—quartz-—is the most abundant. It occurs
in veins or lens-shaped masses ofton of considerable size and of several different
periods of formation; also in grains or crystals mostly of small size. In the
crystalline form it is generally disseminated throughout the ore, and may be an
ofighm] coustituent of the quartzite or a later impregnation of secondary origin.

Caleite and dolomite are aiso common gangue minerals, generally of secondary
origin, but are not universally present, _

Tremolite and garnct are also of frequent oceurrence in most portiens of the
ore body that are probably of original igneous origin, but can not be considered
an essential part of the ore. W'herc\the relative age could be determined gold
i1s found to be of later formation than the gangue minerals.
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INCLOSING KOCKS.

The Algonkian slates, in which the IHomestake ore bodies occur, are schistose
rocks, for the most part of ‘sedimentary origin, one variety alone being recognized
as a metamorphosed igneous rock. The laiter may be classed as an amphibolite,
amphibole being the most prominent constituent.

The amphibolites ocenr as dikes or irregular masses in the other Algonkian
rocks. They are generally of greenish color, of massive and rather dense texture,
with poorly developed schistosity. They are made up in general of actinolite,-
plagioclase, secondary quartz, and orthoclase in subordinate amount, with zoisite,
ilmenite, titanite, leucoxene, and caleite as accessory minerals. "T'he original rocks
were probably basic, with pyroxene and ferromagnesian minerals as original con-
stituents. Kernels of angite show the hornblende to be of uralitic character.

The metamorphosed sediments are quartzites, quartz-schists, mica-schists, phil-
lites, and graphitic, garnetiferous, and chloritic slates, with intermediate varieties.
A common variety of the barren slates, known among the miners as wood-yard
slate from its resemblance in fracture to split firewood, is very schistose and shows
'Wavv crenelations traversing the surfaces of schistosity. ThFSlJ slates consist of
quartz and mica, densely aggregated, with tinely divided omph]to ln ‘considerable
abundance in the denser varieties. In the vicinity of the ore bodies pvute oceurs
as thin films on thg; planes of schistosity, or with quartz as the nucleus of small
knot {augen)-like masses. o '

More recent eruptives of rather acid type cut through all these rocks, as well as
indiscriminately through the ore bodies, in irregular wasses, often having a dike-
like form. These eruptives are of two varieties, which have been designated (1)
rhyolite, (2) trachytoid phonolite.

The rhydlite-porphyry, which is by far the more commeon rock, is 4 fine-grained,
granular aggregate of quartz and orthoclase with rare phenocrysts mostly altered to
kaolin.  The rock is very like the Leadville white porphyry in habit and composition.
Small crystals of pyrite occur very abundantly, even in the” freshest specimens. It
cuts through the Algonkian and spreads in sheets or sills between the nearly hori-
zontal strata of the overlying Cambrian series. ‘

The trachytoid phonolite is a brownish-dralb porphyritic rock composed of
phenoerysts of salmon-colored sanidine in aphanitic groundmass. Small crystals of
mgirine-angite can also be identified in the hand specimen. The microscope shows
that the proundmass is made up of  small rods of orthoclase, and that the rock con-
tains a few crystals and irregular nsses of identifiable nepheline, not 011ough how-
ever, to bring it among the normal phonolites. “This rock thus far has only been
seen at the 800-foot level of the Homestake mine, though it is elsewhere known
as a not uncommon rock in various parts of the northern Black Hills,¢

a More detailed petrographic geseriptions of both rocks und ore winerals will be found on page 80
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The prevailing strike of the lamination planes of the slates is N. 10 to 45° W,
with a dip of about 759 NE., but there arc many local variations in both strike fmd
dip, the former in places veering to the northeast. While the ore bodies are gen-
erally assumed to conform to the lamination or bedding of the slates, this is probably
not strictly the case, though it was not possible to definitely prove or disprove this
assumption, as hoth the ore bodies and the slates arc rather irregular and obscured-
by later movemeénts, K

Where the porphyry bodies are of the dike form they show a tendency to con-
form to the dip and strike of the slates, but the larger bodies are very irregular in
forﬁh__, though an eastern dip.is almost always discernible. They show a decided
lgend_en:(;_y also, like the ore .blodies, to pitéh to the southeast. This pitch is a struc-
tural featurc that has been observed in the crystalline schists of the Appalachians
and bears the same relation to the dip of the lamination planes that the pitch of
the axis of an anticlinal or synclinal fold does to the dipof the sedimentary strata
involved in the fold.

- In the Homestake lode the pitch is best seen in strongly marked stluctuml
planes on the generally rather well-defined foot wall of the various open cuts. Its
angle is 23° SKE., which is also the general pitch of the ore bodies. (See PI. IT,
p. 214.) There also appears to be a tendency on the part of the porphyry to con-

" form in a general way with this pitch, but it is less susceptible’of. direct proof than
in the case of the ore bodies themselves. The general deduction made by the writer
from the above facts in their bearmg upon the original mineralization of the:region
is as follows: -

The original complex of Algonk:au sediments, with its included sheets of
igneous rock, was slowly compressed into anticlinal and synclinal folds, having a
general northwest istrike and southeast pitching axes. As the compression went
on, probably with increasing intensity, these folds were squecezed into isoclines,
and finally diffcrentia_f_movement. sot in _afong plzme.s of lamination. This move-
ment was most marked along the genelal axis of the present ore body, and resulted
in cormdeuble displacement and some fracture. It had both a ver ti'cdl and a lateral
component, which caused a displacement vertically along the steepel sides of the
fold and la.t.erally along the axes. Irregular branching channels were thus opened,

. which had at the same time a steep dip to the east along the planes of lamination
and a pitch to the southeast, both dip and pitch following in a general way lines
of least i‘caistance that resulted from an original tendency of the beds to slip on
their dividing planes .

At present it is difficult to determine to what extent the porphyry intrusions
conlf‘QI'med with the pitch, but it is very evident that in a general way they came
up; along the lamination planes, which dipped to the east. When the intrusions™
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reached the overlying Cwmbrian beds ther spread out in a general westerly
direction, following the softer and more rveadily yielding members of that series.

The only movement planes that can be with certainty assigned to the post-
porphyry period are breccin planes carrying fragments of porphyry and slate,
that follow or are parallel to-the contact of porphyry.and slate.

FORM AND MAXNNER OF OCCURRENCE OF ORE BODIES.

The descriptions of the ore bodies which follow are necessarily . imperfect for
the following reasouns: At the time of visit the greater portion of the upper

mine workings on these ore bodies had long since been abundoned and weré no’

longer accessible, and few persons could he found who were familiar with them
at the time they were in operation.  The examination of deeper workings, morcover,

had not been completed when, in the antumn of 1399, the management withdrew

the permission to study them which had previously been accorded to members of
the Survey. Since (899 there may have been developments in the' decper mine
workings which, if known to the writer, might have moditied his conclusions.

HUURFACE WORKINGS.

The main Homestake body, as detined by the open culs of the Father de
Smet, Deadwood-Terra, Highland, and Homestake claims, has o trend of about
N. 30° W. A second ore hody, as rather mmperfectly defined by the Old Abe and
Caledonia open cuts, bas a direetion nearly north and south (N. 10° W.) and con-
verges with the main ore body under the castern portion of the town of Lead.
The ore bodies on both these lines have a general dip to the ea.:t, as defined bv
their respective foot walls. . .

In the De Smet open cut hoth walls of the ore hod are fairly well defined,
the hanging or ecast wall standing nearly vertical, and the foot or west wall
dipping 559 to 60° K. In the mass of slates that. constitute what is left of the
ore body on the south face of the cut, the original bedding can be traced by the
change in color und material of the respective beds, und is seen to conform in
general to the lamination or schistosity. In places,  however, sharp, closely
appressed folds, which are cut through by the lamination planes, ean he detected
in the original bedding. The folds arve mostly isoclinal. sometimes, however,
assuming u fan shape. Three distinct phases. of quartz veins or lenses may he
distinguished: (1) Materiul which sppuarently formed thin, siliceous layers in the
original sedimentary material, and which has passed thruﬁgh the quartzite stage
into a quartz that in the hand specimen can hardly be distinguished from vein quarts
(sec fig. 6). (2) Smali seams of vein quartz which are parallel to the Iamination
and for the most part paraliel to the hedding also, but which in the folds cut across

.

[

¥
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“it, as shown in PL. 111, a photograph of the crest of one of the bmlﬂ folds crossed
by a quartz vein of this class. (3) Quartz veins ov lenses are sometimes obsecved
which cut aeross both lanination and bedding; these are generally larger, very
irvegular in shape, and appoar to have heen aiﬁ'ected by differential movement
within the inclosing rock mass. - .

No porphyry bodies are visible in the slates exposed within the open cut, but
a considerable l;hlcl\m ws of porphyry remains on the crest of the ridge above as
a sheet intruded in the capping Cambrian bheds. A 12-foot dike of porphyry,
which strikes novtheast and dips 60° to 709 NW., is cut in the tunnel which runs
in from below the open cut near the hottom of Deadwood Gulch, und, following in
general th(, strike of the ore body, connects with the 300-foot level of the Home-
stake workings. This is the only porphyry

l sill in the Cambrian beds on the ridge above.
|

m l 1 il‘*i il ‘ [l’ [ ‘ij ]H hody ohserved undergroand in the northern
Hh] L l”i H{ﬂ‘ﬁ?ﬁ' [;‘ Mi}.“ MHE! ?H M}H %;'l; ]'):uit of the I“].()I‘flest%tk? workings, %lllEi may
! !Il "wi H[’IH"’ l “){[il "I "}' IW\ ~have been one of the feeders of the sheet or

i)l The porphyry sill is not strictly parallel with

'l the bhedding, but vises geutly to the west,

W
1“" ‘{'flw

| 5 : :: i
I“l o i
{i [
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'li'm'] |
IWI | ,
( = phyry sill and a little to the west of the apex

FIG. 6—Folded 'und compressed quurtsite bnd — of the 'Homestake body some siliceous gold
in slate.

I Jeaving in that direction an increasing thick-

’I ness of Cambrian beds between 1t and the
|

; Algonkian rocks, The hasal conglomerate is

”ﬂ wanting above the apex of the Homestake

.
]

i body, but iz found in unusual thickness far-
'{ _ thér eastward toward the point of the divid-
| ing ridge between Deadwood and Bobtail

{ icnes,
EIJ{ gulche

|‘H
i

In the Cambrian beds beneath the por-

ore has been mined, which is necessarily of
later formation than the original ore in the Algonkian rocks, and is prébably con-
temporaneous with the ore hodies formed along verticals in the Terry Peak reglon.
. In thése open euts it is impossible for the unpracticed cye to distinguish the
slates which are sufficiently mineralized to constitute pay ove from those which are
practically havren. Within the ove zone the rock™ appears to be vather more
silicified and ‘is more frequently stained by.iron oxide, and there is more evidence
_of dynamic action. The so-called walls are apparently planes along which differ-
‘ential movement has taken place, especially on the foot wall. The flutings which
- define the. direction of pitch are very evident, as shown in PL II (p. 214).

.
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The form of the ore body as mined is given in the accompanying sections, which
are reducad ¢opies.of those prepared by the engineers in charge of the early work®
(fig. 7). Tt will be seen from these sections that not all of the material between the
walls is sufficiently rich to constitute ore, as the ove lm(ly' includes irregular masses
which, while not absolutely bar- '

ren of valnes, are too poor to

i
work. Such irregular masses [ \\\\ \\\\\‘\‘\.
of ive \\\ \\\\ i i

or horses of relatively barren \\\&\\ | \\I
material are found in all the x\\\\\\\\\\\ \\\\W .
large ore hodies of the 5 o L

ge ore hodies of the zone and N \\\\ ‘\\:W !
enhance the difficulty of forming \Q\%\%\\\\\&&\ §\\\\§\%\§
a correct idea of their shape. &&%\%&%\\\Q&&\\ \\\s\\\;\\\\
The veneral form shown in these  HIIIITITTT
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stake ore zone, ag well as can  sauaw sz _
 be determined, corresponds in o i
general to this shape. Bnt in A B '
the southern portion, where the '

present extraction is heing car-
ried on, there was, at the time
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of visit, no evidence of the clos-
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- ing together of the ore hody in
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depth. This may have been due 8
\ 3

to the numerous porphyry hodies

AT

L

which have cut through and dis-
placed it, or to thesteepening of
the southern piteh, which has

carried the bottom far below the least
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present workings.
In the other open cuts the

[} 30 Seae 30 2gofeet

phenomena, .as far as can be
. \ IF1a. 7.—R8ections of ote body, Father de Smet mine,

seen through the covering of . ) .

talus, are essentially the same as in the De Smet. In the Homestake open cut

the so-calied western. wall is remarkably well defined, but it does not seem to neces-

sarily form the limit of the ore body on that side.  On the ridge at the northern end-

of the Homestake open cut five sills or sheets of porphyry can be distinguished in

T
alam Indebted Lo Mr. Richard Blackstone, engineer of the Homestake Company, for the original drewings from
which these sections were copied. .
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the Cambrian, one of which caps the higher. points of the ridge. The connection of
some of these sills with dikes breaking up through the Algonkian can be more or
less distinetly traced on the northeastern face of the cut. At the bottom of the
lowest sill is a breccia-like material that apparently represents the tlow breceia
which was the forerunner of the intruston of the sill itself.

Wherever the original outcrop of the lode can he seen under its covering of Cam-
brian beds the hasal conglomerate appears to be wanting divectly over it, but is
found in unusual thickness at a little distunce on either side in channel-like depres-
sions containing abundant, fragments of auriterous quartz. Hence, as is more fully
explained in a later chapter, it is assumed that this outcrop was for a considerable
time exposed to erosion abO\ ¢ the waters of the gradually rising Cambrian sea.

UNDERGROUXED WORKINGS,

The underground working= of the Coluimbus mine were inaccessible, but from
accounts given by those who had seen then, it seems the ore strongly resembled that
in the De Smet, and, like it, was somewhat richer than the average ore of the belt,
free gold being often visible to the naked eye.  In the deeper portions the ore con-
tains considerable sulphides. ' ‘

The greﬁtest horizontal extension of ove in the Homestake ntines is shown on
the 300-foot level, so reckoned from the Star shaft. This level conncets with the
tunnel which runs in from Deadwood Gulch below the De Smet open cut, and is the
only one that extends so far north, for the reason that no pay ore was found bhelow
the De Smet open cut at this level. Hence it has heen assumed that the ore body
has wedged out, as the form shown in the sections (fig. 7) suggests that it might.

It is to be remarked that the funnel or wedge-like form shown in these sections is

that which theoretically « might have been cxpected as the result of a normal fault-
mg movement along the general axis of the Homestake hody. The records sHow
that the ore in the De -Smet'mirfe was considerably richer on the.average than that
in the mines farther south. "This suggests that such downward leaching in the oxi-
dized zone az took place had here been arrested in the bottom of the funnel by the
converging walls and the ove was thercfore relatively more enriched. In fig. 8 the
general form of the ore hody in horizontal section is given as far as shown by the
ground actually stoped on the 300, 400, and 500-foot levels.  As there shown the
northernmost’ portion of the ore hody for 1,000 to 1,500 feet is in the form of a
narrow trough from 10 to 40 feet in -width, which widens rapidly to the scuth
between the Terra and Highland shafts to about 150 feet and then to 300 or 400 feet
as the Star shaft is approached. In the latter portion, however, no distinet walls
could be traced and considerable portions of the ore body within these limits are

* left standing because the ore was of too low grade.  In the hanging-wall country are

« Becker, G. F., Comstock lode: Mon. U. 8. (ieol. Survey, vol. 3, 1882, pp. 178 et seq.



\ A '

FORM OF HOMESTAKE ORE BODY. 75

many large lenses of white quarts, sometimes 10 or more feet in thickness, which,
however, show no metallic mineraly, though pyrite seems more abundant in the
slates immediately adjoining them. The lanination of the slates in general strikes'
somewhat nearcr north than the ore hodies, and the latter show 4 tendency to overlap

each other en echelon, leaving barren ground between the tongues of ore.

In general in the country northwest of the Star shaft the form of the ore body
fulfills fairly well the idea of a bout-shaped mass pitching to the southeast, and
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hence on a given horizontal section growing acbuallv\; wider in that direction. \\"'ith
the appearance of the porphyry bodies in the vicinity of the Star shaft, however;-a
disturhing factor is introduced.  Not only is the main ore body split up into several
distinct parts l‘)_\' the intrusion of the porphyry sheets, but there arc separate
detached ore bodies or chimneys whose structural dependence on each other could
not be determined from the examination mmade. These hodies lie south of the Star
shaft, the principal ones, going 'eastward, being the Independence”body near the

1
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shaft of that name, the Pierce stope, the Fast stope, the Lincoln, and the Amicus
body, the latter near the Qd Abe shaft. The main working shatt at’ time of visit
was the Star shaft, from which levels are opened at 100-foot intervals and drifts ran
out to eut the ore bodies that were worked in the next level above. The system of
mining pursuéd involves the opening of large chambers in the ore zone, rapid
extraction of the pay ore, and prompt filling up of the stopes with waste, so that no
detailed study of the individual bodics was praclicable. The most important data
were furnished hy the drifts which are run on each level eustward from the Star
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shatt to the Old Abe or Pump shaft. These have been used as the common ordinates
for ’Fhe_ successive mine plans given in fig. 8, and from them a cross section of the
ditferent porphyry sheets that intersect the main ore body has been .constructed,
which is reproduced in fig. 9. Although based on accurately determined data at
each level the representation of the form of the hodies is necegsarily somewhat
diagrammatic, for it is not possible to trace. their cutlines between the levels,
Nevertheless, from this section, combined with other data partly shown on the
horizontal sections,. it is evident that the porphyry bodies have a fairly uniform dip
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to the east in gcn‘eral accordance with, though somewhat -steeper, than the lamina-
tion of the slates. Furthermore, it is seen that they pitch to the southeast as do
the ore bodies, and, finally, that they tend to spread out more and oceupy a wider
horizontal section as they approach the surface. 1t is probably due to their southern
piteh that many of these ore bodies appear to wedge out in depth,.and if a parallel
section could be made on a plane somewhat farther south it would probably be-found
that the point of the wedge is successively deeper in each section. The only other
cross section of the porphyry dikes ohserved was in a ¢cross‘ent drift on the 300-foot
level ronning from the north header or drift of the Star shatt eastward about 900
feet to the Caledouin workings. This drift cuts six dike-like bodies of porphyry
from 12 to 70 feet in thickness and with an, aggregate thickness of about 200 feet.
Comparing this cross section with the eight sections obtained in the Star-Old Abe
drifts, it is seen that while exch differs somewhat in the number and thickness of
i'udividua] dikes the aggregate thickness of all of them cut on these various lines
presents a rather remarkable uniformity, ranging only hetween the extreme limits of
150 and 225 teet and averaging ahout 200 feet.  The dikes may, thorefore, be regarded
as representing a single intrusion of porphyry, which had been forced between the
lamination of the slates and cut across the eastern edge of the ore bhody, entirely
inclosing in some eases large masses of ore-bearing ground, A most interesting and
instructive feature of the dikes is the frequent occurrence at their contact with the
slates of a line of breccia, generally conforming with the plane of contact, but some-
titnes branching off into the hody of the slates.  While some of these breccia seams
may be, as Doctor Jaggar suggests, flow breccias or broken material which was
pushed ahead of the magma at the time of its first intrusion, they are, for the most
part, true friction breecias and contain hroken fragments of the porphyry, as well as
of slates.” In one case a seam of brecciated slate and porphyry fragments was found
iu the slates at a distance of 15 feet from the porphyry contact. The breccias thus
indicate clearly that there have been dynamic movements within the mass of slate
and porphyry since the intrusion and consolidation of the latter. They are found
generally on but one side of the dike, but in a few cases were observed at either
contact. A study of these friction breecias show that mincralizing solutions must
have entered along the channels produced by these movements. Panning tests
prove that the breecias contain gold values, though generally less than the adjoining
slates, while the porphyry on the opposite wall is generally found to be practically
barren of gold.  On the other hand, both breccia and adjoining slafes avs abundantly
impregnated with pyrite, as is the porphyry to a less degree for a short distance
from the contact. There has also been a certain amount of silicification accompany-
ing this later mineralizing action. Not only the breccias and slates but also the
porphyry itself have been silicified in the neighborhood of these secondary fractures,
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and some of the large quartz lenses in the hanging-wall portion of the hody are
apparently of more recent origin than the porphyry.

On the 800-foot level, a little south of the Star shaft, the mine drifts have dis-
closed the top of a body of phon})lite which crosses the lamination of the slates in
a northeasterly direction. As seen at time of visit, it consisted of two detached
masses with the same general strike on their northern contucts, These muasses are
prohably projecting knobs of the upper surface of a =ingle hody. and may be
expected to join below: They are presumably of later origin than the rhyolite-
porpiyry. Whether they have bad any influence on ore deposition is not known,

kY
+

CALEDONIS OKE BODY.

This ore body was only observed on the 300 and 600 foot levels. Tt lies entirely
to the east of the porphyry intrusien which is cut by the other mine workings, and
the porphyry body seen at the snrface near the open cut did not appear in the lower
workings of this mine. A narrow dike of porphyry striking N, 10% W, is, however,
cut by the somewhat curving drift which reaches the Caledonia workings from the
Old Abe shaft on the 600-foot level. The slates in this portion of the workings have
the same general strike, namely, a little West of north, though it locally hends a
little to the cast of north. Their dip is about 45° E., apparently somewhat less steep
than thut of the porphyry. The ore body has the nsual eastern dip, which also
seems to be rather steeper than that of the slates. The inclosing rocks are amphib-
olitic and abundantly impregnated with pyrite.

CONCLUSBIONS,

_ From the observations made in the underground workings, of which only a hald
statement of the most important has heen given above, the following conclusions
have been drawn as to the form and probable origin-of, these ore bodies. The
determiping cause of the original ore deposition would ;Lpl)e{LI"tO have heen u com-
pression and crushing of the rocks along two converging lines. a line of major
crushing, trending about N. 80° W, and a line of minor movement, ranning about
N.10° W.and cros:'ing the line of-major crnshing just south of the Star shaft, where
now ure opened the shafts and most extensive ore hodies. The movement which
produced this ¢rushing must have been very gradual and of a nature similar to that
-which produced the lamination of the slates. 1t resulted not in large definite frac-
tires-or-in_brecciation- of the rock, as in vein fissures or crushed zones, where ‘ore
generally accumulates, but in o differential movement along the already determined
planés of -lamination and pitch, the effects of which, however. extended through
zones or belts that were somewhat more steeply inclined than either of these struc-
tures, especially at the junction of the lines of major and minor erushing, where
the resultant crushed zone seems to have a nearly vertical “direction.
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Jaggar has suggested that the general zone of crushing is nearly coincidens
with the change of dip of the lamination of the slates, but no facts bearing
directly upon this theory were observed in the underground workings. If, how!
ever, a strong ling of folding had been developed in the original sedimentary series
prior to the compression which produced the, lamination; it is very probable that
during the compression the limbs of the folds would have been lines of weakness
along which the strain might have resulted in some differential movement and special
crushing and dynamo-metmnorphisn_l of the rocks, Along these lines of movement
the solutions rose from which were precipitated the original deposits of iron sul-
phides and gold. There is no definite evidence as to the source of these métals,
The presence of garnet-amphibole rocks is suggestive of contact metamorphism,
but neither magnetite nor specular iron, which are usually characteristic of contact
minetalization, is found with the ore, nor in'its distribution was the ore obscrved to
have any special'relation to the older intrusive hodies. The ore is distinetly of later
tormation than the garnet and associated minerals, and the latter are seen by micro-
scopic study to have been formed sinee the dynamie action which produced Iamination
or schistosity in the rocks. The metals may be assuméd, therefore, to have heen
derived from the leaching of rocks at some distance below the surface by percolating
waters, and to have been precipitated in contact with the grfaphitic matter, and
possibly also with original pyrite, present in the slates. ' .

The second mineralization which ‘came after the later intrusion of rhyolite-
porphyry evidently followed the same general channels and consisted essentially
of the same materials, iron sulphide, and gold. It did not stop at the Cambrian
contact, however, but continued on through cracks or lissures into the-Cambrian
rocks and deposited abundant auriferous pyrite in the basal conglomerate adjoining
and in the calcareous beds Immedmtel\ overlying the outerop of the Flomestake belt.
The most important difference as yet noted hetween the two periods of deposition is
the local formation in the-conglomerates of tungbtdte of iron which seems to replace
Ehe’élllphlde. In these later deposits no evidence of pneumatolytic action has been
observed. As to whether mineralization went on’ during the period hetween the pre-
Cambrian and Tertiary deposition, there i is also no evidence. ‘

The deposits in general dare remarkable for their freedom from metals other
than those already mentioned. There is said to be 0.11 ounce of silver per ton in
the ores and not over 0.05 per cent of copper in the concentrates. Secondary -
enrichment of the ores by surface leaching has also been of relatively--small impor-
tance. Some of the surface ores of the Homestake body are said to have assayed as
high as $16 per ton, and the ore taken from De Smet and Columbus mines is said to
have averaged about $1 per ton richer than the ores of the more southern mines.
It is =aid that the concentrates in the upper workingé of the Homestake mine, where

the ore was almost completely oxidized, carried only about $1 in gold per ton, but as
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oxidation has decreased in depth the amount of gold in the concentrates has increased
until in the lower levels, where oxidation has not penetrated, the concentrates carry
$3 in gold per ton, while the ore taken as u whole ﬂ'verages $5.50. Under these con-
ditions there is no evidence of any decrease in the values with depth, while the size
of the ore body appears to be increasing rather than decreasing. On the other hand.
it would appear from such evidence as was obtained during this examination that
the pitch of ore is not as regular as seemed to he the case in the upper and northern
portion of the workings, but that at present it has steepened so as to nearly
approach the vertical, while the enstern dip has also stecpened. This might have

bheen expected if, as suggested above, the present result is dependent on the
converging or crossing of movement on two distinet lines. :

PETROGRAPHIC STUDY OF THE HOMESTAKE ORES. '
7

.By J. D. Trvive.

The ores of the Homestake mine oceur in the rocks of the Algonkian, which
consist of u varied series of highly altered and, in most cases, crystalline rocks.
They may be divided into two groups—metamorphosed sediments, and inetamor-
phosed igneous rocks.

. METAMOLRPHOSED SEDIMENTS.

The rocks of this group constitute by far the greater portion of the Algonkian
series, They are quartzites, quartz-schists, mica-schists, phyllites, graphitic slates
and schists, chloritic slates and schists, and many varieties intermediate in
position, )
METAMORPHOSED 1GNROUS ROCKS,

Under thisz head are placed a series of vuryingly schistose rocks of uniformly
basic character. They are here grouped together under the comprehonsive term
¢ umphibolite,” as amphibole ix the most noticeable constituent. Ads a whole they
present a-greenish appearance, a massive and rather dense texture, and in the
mujority of cases possess a schistosity but poorly developed. They occur as
dikes or irregular masses in the other Algonkian rocks, and in many ecases show
a massive core with the schistosity increasing toward the pcnpherv Mineralog-
ically they consist of pale-greenish amphibole (usually actinolite) with some original
plagiocluse, \Eq}qual y ‘quartz, und orthoclase in subordinate amount, with acces-
gory zoisite, ilmenite, titanite, lencoxene, and calcite. Original kernels of angite
show the hornblende” and autlnolltc to be of a uralitic character. Sowe of the
more hw-hlv metamorphowd rocks show a development of biotite,

In texture the metaunorpho:ed igneous rocks vary from a fine- -grained dense
rock, though diabasic, to one very coarse with o characteristic mottled appearance
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resembling the skin of a leopard. The coarsest specimens possess a texture and
general appearance suggestive of gabbros, pyroxenites, and other plutonic yocks
of basic character. In the less extensive and dike-like oceurrences the vestiges of
an original diabasic texture are often well defined.  There scems little reason to
doubt that the amphibolite group as here exposed is reterable to an original
sevies of basic rocks whose chief mineral was pyroxene.

N

RELATION OF THYE ORKES TO THE ALGONKIAN ROCKS.

The ores of the Homestake wmine, taken as a whole, can not he said to present
any constant features that will serve o distinguish them from the chavacteristic but
barren rocks of the Algonkian. T ‘ ’

Pyrite is by far the most invariable indication of mineralization, but is notably
absent from many of the richest portions of the ove.  Quartz, dolomite, calcite, and
arsenopyrite-are also of frequent occurrence and sometimes constitute the main hody
of the'ore, hut wo decrease in values can be noticed when they are absent.  Again,

- garnet and tremolite will be present in so great abundance as to constitute the larger
portion of the gangue mineral, but bodies of ore will ocear at no appreciable distance
in which no trace of thesc minerals can be ohserved. Thus, it will appear that
although we find pyrite, quartz, dolomite, calcite, arsenopyrite, tremolite, and garnet
frequently constituting either separately ov in combination the gangue of the ore,
no one of these minerals can be stated to be a sine qua non to the occurrence of the

gold. In general, however, it may be said that, compared with the barren areas of
the same formation, the ores oceupy u zone which presents a greater number of
secondary .minm‘nls; a more constant occurrence of sulphides, dolomite, quartz,
calcite, and arsenopyrite: and, finally, a more advanced degree of contortion and
distortion. '

" DETAILED DESGRIPTION.

WALL ROCAH.

In the set of collected rocks were two specimens of that variety of wall rock
known among the miners as ‘“woodyard”™ slates. These were taken from the
north end of the 300-foot level in the long crosscut. .

: Oue specimen (No. 45) is an extremely fine-grained, evenly schistose rock of a
blackish-gray color. Tt splits more casily along those planes which show an abun-
dant development of extremely fine mica, to the arrangement of which in parallel
plates the schistosity is due. Cross jointing frequently oecciivs, and the rock gen-
erally shows wavy crenelations traversing the surfuce of schistosity. Thin films of
pyrite occur here and there in the secondary planes and the same mineral may
occasionally be observed in small isolated masses. The microscope shows this rock
“to be a dense aggregate ot quartz, mica, and a very finely divided dull-biack
4987-—No. 26—04—~F
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waterial, which is presumably graphite. This graphitic material occurs in such
“abundance as to make microscopic sections very opaque. Occasional lenses of small
gize occur in which irregular inasses of pyrites and quartz may be observed.

The coarser variety of the so-called *“woodyard” slates (No. 44) shows lig}‘lter-
colored, rathor larger flakes of mica, and a more marked evidence of ¢crumpling. It
contains considerable chlorite, and between the micaceous layers are intercalated
bands of a more quartzose character. The quartz grains are small and show con-
“siderable recementution, The mica is muscovite. The light color of the rock is due
to the absence of the graphitic constituent.  Considered as a whole, these specimens
show a less disturbed condition than the ores; thvv contain far less pyrite aund are
much more evenlv schistose.

ORES,

In the set of specimens collected the following three varieties of ore can be
distinguished: (1) Banded ore; that is, ore wherein the mineralization has not been
accompanied by distortion of the original structures of the rock. (2) Contorted
ore; that is, ore where the original rock has undergone very great distortion, This *
distortion has generally heen accompanied by the introduction of numerous minerals
not an essential part of the Algonkian series. (8) Massive ore; that is, ore where
few, if any, traces of either the original structure or the original ingredients in the
Algonkian rock can be observed. These three varieties are scparated from one
another by no sharp lines of demareation, but transitional varieties occur S.hOWing
all stages of distortion and mineralization.

RBANDED ORE.

A specimen of ore taken from the middle hreast of the 800-foot level shows
complete preservation of the original structures and characteristics of the Alonkian
rock after mineralization. It is a black, schistose rock (specimens 4 and 5) in which
‘the original sedimentary banding is very pronounced. The bands are caused by the

-alternation of narrow and exceedingly dense layers of a slaty aspect with broader
bands of couarse texture and slightly lighter color. The narrow bands have a slaty
“cleavage at a consideruble angle to the bedding. The microscope shows them to be
composed of irregular blades of biotite parallel to the cleavage and a confused
aggregate of very finely divided black material of presumably graphitic character,
Small grains of quartz and orthoclase occur together with the biotite. Along the
'plunes' of schistosity in these dark bands occur broad and extretnely thin films
of pyrite.
‘ The coarser layers are wmpoaed of irregularly bounded grains of orthoclase
of considerable size and ]1'1Lgu1d1 patches of biotite. The orthoclase grains con-
_tain many inclusions and have originated from the metamorphism of the primary
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ingredients of the rock. The biotite is interstitial hetween the orthoclase indi-
viduals and is in very irrecularly bounded patches arranged without any special
orientation. They arc generally of sufficient size to be identified in the hand
specimen. Jt is interesting to note that the graphitic material in the body of the
“orthoclase is arranged in very narrow bands of alternately darker and lighter color
according to the greater or less abundance of the graphite (see fig. 10, 1). These
bauds follow the original bedding planes of the rock, causing the contrast in color
which makes the handing prominent. The schistosity has fractured them so that
their continuity is interrupted by a succession of small displacements (see fig. 10, 2).
Joint, plsmés can be frequently observed running in directions at various angles to
the prevailing schistosity. In some of these seams carbonates—probably calcite -
and dolomite—oeccur; in others, pyrite. -

A slightly more oxidized variety, of banded ore is seen in specimen No. 25
from the north end of the 400-foot level near the :
De Smet. It is a blackish-gray vock with a pro-
nounced sedimentary banding and poorly developed
schistosity. Small crystals of arscnopyrite and
pyrite are scattered sparsely through it with no

semblance of regularity. The pyrite oceurs also in
_irregularly distributed masses or in thin films.
There is later deposition of pyrite, together with
considerable limonite, along secondary fractures.
Viewed under the mmicroscope the rock is scen to
consigt of biotite, quartz in grains, and numerons

lenticular masses or crystals of pyrite and arseno-

. . e ¥i1z, 16.—Banding of Algonkian glate due
pyrite. The specimen has suffered little o1 no 45 purallel arrengement of graphitie
deformation, and but for the occurrence of the gul-  "&e™l '
phides presents no noticeable features which would serve to characterize it as an ore.

Nos. 15 and 16, taken from the north end of the 400-foot level, show still
another variety of banded ore. In No. 15 the sedimentary banding is scarcely
noticeable and the rock closcly resembles the **woodyard” slates in its general
appearance: It is a fine-grained grayish phyllite, with bands-of .somewhat more
graphitic character 6ccur1‘ing without 'regularity. Pyrite is present in”very thin
films along the planes of schistosity. '

No. 16 is a rock of very similar character, hut exhibits two dircctions of
schistosity. The first, or that parallel to the original banding, causes the rock to
~ break into broad flat slabs. The sccond is at an angle to this and exists only between
the first described. The microscope shows the rock to be composed of quartz grains,
fine blades of muscovite, biotite, and chlorite, together with considerable calcite in
trregular patches and some pyrite.
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No. 24 shows still a different variety of handed ore. It is from the Lincoln stope
on the 400-foot level. . It is a dense rock composed of alternating light and dark
bands. The dark bands have a black slaty appearance and show numerous small flakes
of biotite, together with minute crystals and masses of mispickel and pyrite. The
lighter-bands are of an extremely fine quartzite, somewhat friable in character, and

colored light green from contained chlorite. The whole specimen is cut by a cross '
vein of quartz and pyrite which shows a distinet vein structure and is alinost
perpendicular to the schistosity. The quartz of this vein is of glassy character and
the pyrite occurs chiefly in the center, filling the spuce between.two quartz masses
on th.e' sides. The section shows only a limited portion of the specimen and is taken
from t}‘ierlight-gt‘ecn band. This consists of fine grains of quartz, showing consider-
able recementation, some interstitial calcite, and very numerons extremely thin
‘shredded flakes of chlorite. A few isolated pittches of titanite may also be observed.

No. 8, from the south breast of the 700-foot level, is a dark-green schistose rock,
shot through with fine lenticular masses of pyrite, whose longer diameters are in the
direction of lamination. Fibrous tremolite can also be observed in small radiating
bundles. The microscope shows. the rock to be a laminated aggregate of quartz

. ‘grains, tremolite, chlorite, and len-
ticuldr masses of pyrite; a little
hiotite was also observed. . .

Specinten No, 6, from the mlddle
west shoot on the 800-foot level,

shows & transition from that ore

F16. 11.—Direction of schistosity i mineialzel schists

which preserves the original Algon- -
kian structure to ore of a more (,Ont()ltcd (,hm acter. It is a markedly schistose rock”
consw_tmg of granular guartzite, glassy quartz, and heavy bands of iron sulphide
mingled together in ‘a confused manner, The sulphide is of a slightly pinkish tinge
and may be pyrrhdtite [ntirriately mixed with the quartz is considerable ‘dolomite
showing curved faces and sometimes a slightly yellowish color. Under the microscope
the sulphides show shattering, hiotite, quartz, and calcite occurring between the
fragments. In the portion which consists muinly of quartzite the grains are notice-
ably recemented, In the micaceous portion, greecn amphibole, chlorite, biotite, and a
llttle titanite occur. All of the minerals show strain phenotiiena, and the -entire
specimen is distorted, so that the relations 01’ the various layers are very confused.

" Specimen No. 30, from the west stope on the 500-foot level, is a dense granular
quartzite heavily impregnated with pyrite, crystals of arsenopyrite, and carbonates.
Traces of a laminated texture are observable in the parallel alignment of biotite and
other micas which occur in & narrow’ band. ~The greenish color is due to thin
microscopic blades of chlorite. Under the microscope the separate grains of quartz

“show recementation. There is ptesent considerable biotite and pyrite in irregular
masses, arsenopyvite always in characteristic crystals, and some calcite.
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© No..,8:is a finc-grained compuact guartzite, colored dark green by extremely
minute microscopic blades of chlorite and containing scattered bunches of radially
a.rrlsmgc-d-;,tremolite needles.  The microscope shows the rock to be made upof an
aggregate of small quartz grains, all showing secondary enlargement, scattered
masses of, titanite; and a little caleite.  All of the original quartz grains show
indications of heavy strains. - - ' )

CONXTORTED ORE.

The term **contorted” ore has been used to designate that variety of ore in
which the original schistose chavacter of the Algonkian has heen greatly distorted,
and in which minerals not commonly, forming ‘an essential part of the Al'g'o'nkia'n
rocks have been introduced in greater or less abundance. '

Specimens Nos. 32 and 934 illustrate this variety of ore. They are extremely
fine-grained, chloritic schists, with satin-like luster, distorted -and gnarled so as
to vesemble the textuie of knotted wood. Lenticular masses and angen of
dolomite, t::llt:.ife, and quartz intimately mixed together, or of glassy quarte,
‘pyrite, and mispickel arc abundant; radiating masses of tremolite oceur sparingly.
Where the distortion has not gone so far that no definite structure can be
recognized, the. knots or augen are beautifuliy developed. A blow with the
hammer will generally reveal the presence of a kernel of arsenopyrite or pyrite,
to which the knots owe their 01‘i'gin. These kernels.of sulpbide are often one-.
half or three-fourths of an inch in diameter. They are generally well crystallized,
and the schist passes up over them in very even curves. In other instances the
distortion bas gone so far (e. g., specimen No. 26) that _he original structure of
the schist has heen completely obliterated, and masses of quartz, sulphides,
chlorite, tremolite, dolomite, and calcite occur together in very confused relations.

In specimen No. 26 a very large and irregular mass of quartz may be scen.
embedded in the chlorite. The arsenopyrite is almost. always in distinet érystals,
or groups of crystals, and the py¥rite is sometimes in crystals, but more
frequently in lavge irregular masses. In many instances pyrite and arsenopyrite
are mingled together in a single mass, each mineral being recognizable by its
characterigtic color, but neither showing any definite relation to the other.
Occasional patches of garnet may be seen in the chlorite, but they are rathei
sparingly developed. The microscope shows the greenish portion to be cdmposed
mainly of chlorite, with some few needles of actinolite or hornblende, of which
the chlorite seems to bhe the alteration product. The crystals of arsenopyrite
are frequently slightly shattered and their interstices filled with quartz,- but the
fragments are never very distant from one .another, and it is probable that the
movement which produced the shattering was very slight. i

In a section of specimen No, 32 secondary -veins of calcite can be observed
cutting directly across chlorite, sulphides, and quartz indiscriminately. This



86 ECONOMIC RESOQURCES OF NORTHERN BLACK HILLS.

shows that there has been an introduction of calcite subsequent to all of the
early mineralization. - . .
7 In one specimen of. this chloritic ore (No. 8%6) a considerable development of
free gold was observed. This gold occurs in two distinct relations to the gangue
minerals; first, contained in the quartz in extremely thin leaves foli()ﬁ’ing apparent
fracture lines; second, contained completely in the chlorite-schist.  In some instances
the gold leaves in the quartz extend up into the chlorite of the main mass. In
neither case is the gold associated with sulphides, but small fragments of quartz,
some of them completely surrounded by gold, oceur with all of those masses of gold
in the chloritic portion of the ore. A specimen of the gold in the chlorite was seen
iu the mine inspector’s office in which a leaf of gold about one-half inch in breadth
and one sixty-fourth of an inch in thickness projects from the chlorite and curves
over on the outside of the rock. In one instance a leaf of gold extends from the
quartz into the chlorite by which the latter wuas surrounded and occurs there
together with chlorite, filling the interstices between irregular grains of quartz.
Most of this gold is in exceedingly thin leaves, none of it ever showing nugget-like
-appearance. A distinet erystalline structure could not be observed in any of the
gold, but its manner of reflecting light suggested the presence of minute crystalline
faces. ' ‘
MASSIVE ORE
Under the natne of “massive” ore has been placed that variety of ore in which
“all structures—both of banding and schistosity, which charactorize the Algonkian
vock—have been completely obliterated. This varicty of ore consists chiefly of -
niinerals which have been introduced cither by deposition in spaces left between
Algonkian rocks or by replacement. Such minerals as are characteristic of the
metamorphosed Algonkian occur either in this ore as broken fragments or in the
Algonkian rock which forms the walls of the cavities in which the ore was'founc.l. :
One of the most interesting varieties of this ore is that composed of dolomite and
quartz. A characteristic specimen of this variety of ore (No. 925) wus taken from the
south breast on the 800-foot level. 1t consists of a large irregular mass of coarsely
crystalline dolomite confusedly ingled with chlorite, tremolite, irregular magses of
glassy quartz, and some pyrite. The main dolomite mass is intersected by joint
planes filled with glassy quartz and evidently of a much later age than the rest of
the ore. The microscope shows the dolomite to be made up of a great number of
separate individuals, none of them with crystalline boundaries, but impinging upon
one another in very irregular lines. They show very great dynamic stress in their
wavy extinction and distorted cleavage. A few identifiable masses of calcite oceur
with the dolomite. The quartz which fills the joint planes is seen to be composed of
many small individuals, but is very clear and shows no indication of strain.
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Anotber 'Variety of massive ore iz scen in that taken from the west shoot on
the 800-foot level (specimen 7). It iz composed of a confused aggregaie of radiating
tremolite of a brownish-green color in hand specimens but almost colorless by -
transmitted light, biotite, quartz grains, dolomite, and chlorite. Tremolite is the
most noticeable mineral in the ore. Under the microscope the quartz grains and
dolomite are seen to be mingled together in a confused manner, neither ingredient
exhibiting crystalline boundaries. Isolated grains of titanite, ragued flukes of bio-
tite, a little green hornblende, and some quartz arc also present. A most inter-
esting variety of massive ore is that occurring in the Pierce stope and known as
“garnetiferous” ore (No. 18, No. 19, and No. 20). It is a confused grayish n1ass
of tremolite, glassy and granular quartz, dolomite, pyrite, arsenopyrite, and garnet..
. The microscope shows gurnet, chlorite, dolomite, quartz, pyrite, and arsenopyrite.
The garnct i3 very largely broken and shattered, especially so when occurring in the

quariz and dolomite. Those muasses which arve entirely contained in the tremolite
are less shattered. As a whole it is very much broken und is often partially
altered to chlorite and a green, pleochroic hydromica, perhaps rélated to ripidolite.
The garnet fragments are surrounded and invaded along fracture lines by dolo-
mite, quartz, and pyrite, showing that these three minerals were formed later thun
the garnet,' which is itself probably the product of metamorphic action. In some
“cases the garnet has gone so far in alteration that only a green confused mass of
chlorite and hydromica remains, with perhaps a kernel or two of garnet to indi-
cate its origin. Fragments of garnct occur completely isolated from the parent
mass and surrounded by quartz. The quartz consists of an aggregate of irregular
grains whose boundaries have been recemented in many cases. The granulﬁr
aspect 1s probably due in large measure to shattering, of which the -heu\'y strain
phenomena are an additional evidence. Pyrite graing oceur scattered through the
quartz. The dolomite, when seen In a hand specimen, presents many curved faces
and under the microscope shows wavy extinction due to dynamic stress. It has
never developed the twinning planes parallel to ~4 R. which are so characteristic
of strained caicite. Tt is broken so that large fragments are often isolated and
imbedded in & quartz matrix, the separate faces being eaten into at times by the
quartz. This phenomenon of quartz occurring later than the dolomite is again
seen on the 800-foot level, where a large mass of dolomitic ore is cut by small
stringers of glassy quartz rarely more than one-sixteenth of an inch-in width, but
distinetly filling joint planes in the dolomite (No. 923). .
Specimen No. 19 shows large and distinct cubes of pyrite embedded partly in
one of the ingredients of the ore and partly in another. The arsenopyrite Is present
in small crystals of characteristic Shap{e, but is not so prominent in the garnetiferous
portions a8 in the rest of the ore. The dolomite in Specimen No. 19 is slightly yel-

!
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lowish in’color and plobdbl} has somsé of the siderite moléeule in its compo::ltlon
The tlemullte sometimes penetrates the garnet and in some cases has been replaced
by caleite. The dolomite of the-main ore mass is to be sharply distinguished from a
few later caleite seams which cnt both quartz and garnct indiscriminately. The
quartz {requently contains little pou‘)ua and fluidal inclusions arranged in lines at
varying angles to one another. In this mrlety of garnetifercus ore, therefore, is
seen the following sequence of events: . .

(1) The metamorphic action which produced the tremolite and the garnets.
(2) The shattering of the original rock which gave rise to the broken condition of
the garnets. (3) The introduction of the dolomite between the fragments of the
garﬂet. (4) The shattering of the rock as then formed and the introduction of the
quartz into the spaces thus left vacant. These relations will be well illustrated by
Pls, VII, 4 and B. .

It is probable that most of the pyrite was introduced at the same time as the
quartz, but, except to say that it is later than the garnet, no definite evidence as to
its age is available:  Later than all these events occurred considerable movement
‘and crushing which produced strain phenomena in the qﬁartz and the subsequent
recementation of the shattered individuals by quartz.

. FORPHYRIES. . . L
~ The eruptiveA rocks. occurring in the Homestake Inine are rhyolite and trachy-
toid phonolite.

The rhyolite, which is by far the most abundmt of the two, is a dense, almost
aphanitic, grayish-white rock resembling novaculite. Under the microscope it shows
an extremely fine aggregate of low polarizing individuals in granular arrangement.
None of them are large enough to be accurately determined, but they are probably
quartz and orthoclase. Phenocrysts are scattercd very sparsely through the rock
and are uniformly small in size and show very advanced stages of alteration. In the
very numerous sections examined ali of the phenocrysts were either completely
kaolinized or weathered and the spaces filled by secondary ecalcite. The only basic
mineral present is pyrite, which occurs abundantly even in the freshest specimens.
It geuerally shows small dodecahedra or pyritohedra, or is in irregular rounded
‘masses of no definite form. These crystals anrd masses are generally extremely
small, so that they appear in hand specimens merely as minute, glistening specks.
No dark silicates of any kind ean'be scen in the slides. There is a general resem-
blance of this rock to the rhyelite or white porphyry which occurs in the vicinity
of\Leadville and clsewhere. :

A second variety of porphyry is a rock belonging to the phonolife family, Itis
a porphyritic rock exhibiting a dense, brownisl;-grecn,' almost aphanitic groundmass,

in which are embedded glassy or salmon-colored crystals of sanidine. Small crystals
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of aegirvine-nugite can also be identitied in the hand specimen. The wmicroscope
shows the groundmass to be made up of small rods of orthoclase arranged in flow
structure, together with innumerable shredded masses of aegirine. A few crystals
and irregular masses of identifiable nepheline oceur. The large aegirine-angites are
generally well bounded and show the characteristic cleavage and optical characters of
this variety of pyroxene, The rock has scarcely suflicient nepheline to be classed ax
a phonolite, and yet the proportion of” that mineral is too large and the nmount of
soda pyroxene is too great to allow its classification with the soda trachvtes. It is
distinetly a transitional type and. belongs to that variety of rocks which is very
common in the northern Black” Hills and has been classified as *° trachyvtoid

phonolites.”
PORPILYRY BRECCTA.

On the border 6f many of the dikes of* rhyolite oceur varying widths ™ of
brecciated material consistir'ig of angular fragments of porphyry, ore, and distorted
schist.. On the upper levels these breccias are too much oxidized to afford any
“satisfactory evidence from their study. Those from the lower levels, however,
. present some interesting features. _ '

No. 78 occurs on the contact of the dike with barren skates. 1t consists of
sharply angular fragments of porphyry, glassy quartz, and dolomite embedded in a
matrix of black comminuted schist of a very graphitic character and more or less
heavily impregnated with pyrite. : : -

No. 29, taken from the east stope on the 500-foot level, shows a grayish mass of
brecciated material containing much fine-grained pyrite and small angular masses of
potphyry. In this are embedded large and small more.or less broken angular
fragments of glassy quartz. Pyrite oceurs in the gquartz rather more sparingly than
in the interstitiul material. = The .latter is an extremely fine, black, graphitic
aggrogate, which, by reason of its very yielding character, has heen thrust into the
minutest erevices, The pyrite occurs most abundantly in this matrix.

Specimen No. 31 shows fragmerits of porphyry completely embedded in glassy
quartz and pyrite of the ore muss, The quartz fragments arc made up of many
separate individuals with very irregular boundaries, and in polarized light give
evidence of great dypamic stress.  Much calcite has been introduced between the
fragments of quartz and also oceurs in irregular patches in the breccia matrix. It
is worthy of note that the pyrite in the matrix, even where present in distinet
crystals and large masses, shows no cvidence of shattering, Tt is therefore probable
that this mineral ‘was introduced cither subsequent to or contemporaneous with the
brecciation. ' e

Specimen No. 47 is a breccia showing a.more advanced degrec of comminu-
tion. Under the microscope.we are able to detect fragments of quartz, angular

.
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fiagments of porphyry, and irregular pieces of quartzite and schist. In the
interstices between these different fragments is a matrix composed of black
crushed materizl of graphitic character. Some calcite and a little clay resulting
from -a deeomposition of the fbld~ptn are also present. The quartz shows the
usual strain phenomena.  The softer material in this case, as in the other specimens
of breceia, has suffered the greatest deformation and has been introduced b(,t.W(-‘Lrl
the harder fragments without destroving their angularity.

!

SUMMARY. /

/

Although a careful study of the collected specimens froml the Homestake
mine does nob lead to any very positive conelusions, it is possible to get from the
relationships of the different minerals some evidence as to the general nature
and origin of the mineralization. The ores occur along a definite zone which
follows roughly the general trend of the schistosity of the Algonkian series.
This zone has been the line along which successive periods of differential move-
ment and fracturing have occurved. That these periods of movement were
subsequent to metamorphic action is proved—first, by the partial or complete ’
obliteration of metaumorphic structures in much of the Homestake ore, and,
second, by the shattering of many of the minerals which are the characteristic
products of metamorphic action. Thus, for instanece, the gnarled and knotted
structures of the chlorite-schists from the Pierce stope; the departure of the
schistosity from the even and regular direction so characteristic of *woodyard”
slates- to one wholly without regnlarity; the occurrence of various fbreign
minerals in distorted and confused relations; and, finallv, the complete obliteration
of all metamorphic structures in some of the more massive varieties of ore must
be assigned to disturbances which have occurred long dttel metamorphic agencies
had ceased to operate. , ‘

 the better understanding of the relations of the dlﬁ'erent. ingredicnts of
the ores °md the conclusions which may be drawn frow their study the following
general summary is introduced. The minerals of which the ores are composed
fall into the foliowing threc well-defined groups: (1) Minerals which are un
essential part of the Algonkian rocks, cither as original ingredients of the series
prior to metamorphic action -or as products of regional metamorphism. These
include quartz, orthoclase, hornblende, biotite, garnet, tremolite, actinolite, titanite,
and graphite. (2) Minerals that are the result of mineralization as distinguished
from metamorphism, pyrite, arsenopyrite, quartz; dolomite, calcite, and gold. (3)
Minerals that arc the result of. the oxidizing and decomposing action of surface
waters, iron oxide, and calcite. The minerals of this group, except in so far as
it is necessary to distinguish them from the others,”are unimportant.
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It is readily seen that quartz ocours as'thc most ahundant and characteristic
mineral in both series, nor have we, except in its structural relations, any means
of determining to which class it belongs. 1t occurs in three forms: 1. Asa relic
of the yuartz of the original rock prior to metamorphism, in which case it may
generally be distinguished by its occurrvence in somewhat streiched graing which
have been cemented by later depositions of silica. Strain phenomena and other
indications of metamorphic action are here at their maximum, 2. As a by-product .
of metamorphism filling interstices between the laminae of schists and forming
graing in the schists themselves, Quartz of this variety is seen to be composed
of separate individual grains sometimes cemented together by additional silica and
always shows—at least in all of the ores taken from the Homestake mine—evidence
of dynamic stress. 3. As a vein mineral intersecting all schistosity and other
superinduced metamorphic structures and therefore entirely subsequent to these,
. How miany periods there may have been during which this vein quartz was intro-
duced it is impossible to say. -

Garnet and* tremolite of the first or metamorphic group are undoubtedly older
than some of the quartz, pyrite, and dolomite that are attributed to mineralization.
The garnet especially often occurs shattered and broken, the interstices between the
fragments being tilled with dolomite, quartz, and pyrite.

Pyrite occurs in many different relations, such as: 1. Along planes of éecondaly
schistosity and other metammorphic structures; it is herc unaffected by subsequent
movement. 2. In irregular masses and erystals having no definite relation to the
schistosity. 3. In irregular masses and crystals which have been shattered by
subsequent movement and the interstices between fragments filled by quartz.
4. In the porphyry in minute crystals and rounded grains. 5. As'the central and
Voungest' ingredjent of quartz veins which cut across the prevailing lamination..

. In joint planes eutting t.he schistosity and evidently long subsequent to other
numralmnﬂf action.

It will thus appear that the pyrite has been mtloduced at different periods.
One of these periods undoubtedly occurred latey than: the movéments which shat-
“tered certain of the metamorphic minerals It can not, however, be determined
whother pyrite belongmg to other periods of mineralization may not have been
introduced at the time of metamorphism. Again, some of the pyrite is later than
the intrusion of the rhyolites, but that belonging to other periods may have been
introduced earlier. ‘

Gold.—The relations of the gold afford no evidence as’ to the date of its
introduction, It is associated with quartz, and may have been introduced with the
quartz or subsequently. Furthermore, there is no evidence as to the manner in
which the gold was deposited.
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Dolomite—The dolomite seems to have been the product of a single period
of mineralization. Its pelation to fragments of metamorphic minerals shows that
it was formed later than the metamorphic action. Its occurrenrfc_ as. fragments
in porphyry breccias shows that it was present previous to the movement that
shattered the dikes. Again, very heavy straiu phenomena, the distortion of
cleavages and twining lines, together with its occurrence in lenticular and augen-
like masses in bodies of schist, show that much movement and distortion has
oceurred since its infroduction. The relation of the dolomite to some of the
quartz is also interesting, for fractures or joint planes filled with glassy quartz
occir in the dolomite, and frequently cleavage rhombs and angular fragments of
dolomite may be seen surrounded by glassy quartz. The relation of the dolomite
and pyrite can not be determined. ' ‘ N

The general conelusions which may be drawn from the study of these specimens
are as follows: 1. There have been successive periods of movement since the
metamorphism of the Algonkian series. 2. There have been successive,periods
of mineralization which occurred later than the metamorphism of the series.
Others may have occurred prior to metamorphism, but of these we have no
proof. 3. Though no definite evidence is at hand to show that the gold was
introduced into these orves after the metamorphism of the rock, it seenis most
reasonable to refer it to this period of mineralization.

CLOVER LEAF MINE.

The Clover Leaf mine (formerly the Uncle Sam) is situated on the south side
of Elk Creck, at Perry station, on the Black Hills and Iort Pierre Railroad.
The country rock is mica-schist and the usual associated rocks of the Algonkian
formation-—mica-slates, chloritic schists, amphibolites, and quartzites. The nine
is sitnated in the Algonkian area at a -considerable distance, in all-directions, from
exposures of higher geological formations. PL VIIL (p.. 214) shows -the gdology
and general mode of oceurrence of the ore body. The mine was first operated under
the name of the “ Uncle Sam mine,” but was abandoned in 1889 on account of the
difficulty in handling the water. It was idle for ten years, and was then opened in
1899 by a new company. The deposit was originally worked by an inclined shaft
extending southward from a point a short distance north of the large open cut
to a depth of 150 feet._This incline, and all of the workings counected with it, are
now inaccessible. At a point about 200 teet south of - the old incline a vertical
shaft was sunk to a depth of 260 feet and the quartz body was then mined in
levels from that point. The .ore, however, dipped so shurply in. a S(')ulsheastcrly
dircction. that it was soon carried beyond working distance from the shaft, and a
new incline was opened on a 200-foot level. This followed the ore in a direction
S. 64° E. and dipped at an average angle of 40°. This incline had attained a depth
of something over 300 feet when the mine was abandoned. ’
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The surface workings of the Clover Leaf mine comprise two open cuts con-
nected by a tuanel,  One of these is 120 feet slightly west of north from the shaft;
the uther ubout 30 feet farther west. Tn the first or principal cat iy exposed a
ledge of ivon-stained quartz 5 to 6 feet in thickness, and ronghly parallel o the
lamination of the schist. [t strikes N, 55~ W., and dips about 60° to T0° SW.
Thizs quartz ledge was followed downwurd along the dip, and [ncreased greatly in
thickness to the sontheast,  The inclosing schists and slates, as well as the quartz of
the ore hody itself. are heavily impregnated with pyrite, which at the swrface is in a-
highly oxidized condition.

From the surface to a depth of 300 feet extends a large inclined -.tope -
Through this one may descend us far as the 250-foot level, beyond which water has
rendered the workings inuccessible, A horizontal section of -the quartz body, as
exposed on the 250-foot level, has the appearance of the letter U, with slightly
flaring arms. - The a,pe\ of the U strikes 5. 64 K.: the northern arm, N. 40° W,
and  the ~outhern, 8, 75° W. The slates curve over the roof and conform to the
strike of the guartz hody. appearing on both sides of the northwestérly and the
southwesterly arms. They are not, however, exposed in the floor of the s*op(;, tfrom
which the quartz has not been completely excavated. Botli arms -of this quartz
mas=. when followed out from the crest of the eastwardly dipping anticline, become
much narrower than the main quartz hody. The northwesterly has an average
width, where exposed, of 20 feet; the southwesterly, about 10 to 12 feet, nurrowing
as it is followed along the strike, '

. RELATIONS TO SULFACE GROLOGY.

At a point along the rvailroad switeh, 950 feet in a divection N. 83° W, of the
shaft, the lamination of the schists strikes alimost east and west with a soutberly dip
of 44°. This dip and strike seem to prevail alonyg the railroad cut for about 500 to
#00 feet, hut as onc approaches the open cut the dip hecomes steeper, and the strike
has turned to a direction N. 53° W. On the north side of Elk Creek, 300 feet
north of the shaft. ix a prominent exposure of schist, and here the dip is 53° toward
the northeast, and the strike N, 15° W. The same strike seems to prevail to the
northeast of this point,  Again. divectly south of the shaft, and :1];(21_1;, 300 _feet —
distant, the lamination of the schists strikes N, 35% W., and dips about 45° 5SW.
All of these observations, when considered together_with-those made underground,
ave strongly suggestive of ‘the~presence of a Tsoutheastwurdly (hppmw antullne, at
the crest-of which lies the thickest p01t10n of the ore body. The narrower arms
would then extend outward, and coincide with the dip and strike. as indicated on
the sketch map. :

There is a striking resemblance hetween this ore body and the so-called saddie
reefs of Australia, -
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Owners and operators have indulged in some specunlation as to the prohable con-

~nection of this ore body with that operated by the Homestake Company in Lead,

The distance between the two is slightly over 7 miles. The strike of the Homestake
ore body is approximately N. 84° W., and this, if extended, would pass a little less
than 2 miles west of the Clover Leaf mine. The two mines may perbaps be situated
on the same general zone of mineralization, but no conclusions regarding the value .
of the intervening country can be based upon such speculation. '

The mine is singularly isolated from regions of igneous activity, the nearest
outcrops of porphyry being about a mile distant. In the” mine itself this' rock
ig entirely abdent.

'

CHARACTER OF THE ORE.

The gossan is a ledge of rusty, iron-stained quartz, much fractured and
bearing, in hand specimens, no traces of a sedimentary origin.  The inclosing rocks
are chlorite, hornblende, graphitic schist, and mica-schists of endless variety.
These likewjse are much stained with iron. At greater depths, however, the rusty
staing gradually give place to a heavy impregnation of pyrite, both in the qudtu
mass and in the inclosing schists.

The gold in the quartz is free and almost Invariably associated with galena.
A specimen taken from the famous pay streak of the mine, which occurred in the
thickest portion of the quartz body as it was followed downward to the south-

_east, shows a three-cighths inch streak of galenu, in a matrix of milky white

quartz. In this streak, and completely surrounded by .galena, occur nugget-like
and trregularly rounded masses of gold, some of them .attaining a diameter of
one-fourth of aninch. Throughout the entire quartz mass of these specimens are
scattered isolated patches of galena, in the center of which could generally he
detected a small speck of gold. These smaller masses of gold frequently showed
crystal faces. :

The average value of the ore is stated to have heen from $40 to $400 to the
ton, the silver, contents being so small as to be generally disregarded; a fact -
which is rather singular in the presence of so much lead.

S COPPER ORFES.

'-—-M—“-“\
There have heen found at several localities within the schist areas small deposits
—-—'_'_"-—-...
of copper. One: of-these is on" the-east side of City_Creek, near the crest of the hill

north of Deadwood. The countr v rock”isa Bk graphitic schist, in phtces highly

silicified, and in the crevices of this schist occur thin films of native copper. They
are scattered through the rock rather sparsely, and ocenr in patches without regu-
larity, the copper having probably been reduced by the aumon of the, crmphltc on
copper-bearing solutions.
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On the crest of the divide between Whitewood and Yellow Creek there is a
small prospect in which the quartz-schists and laminated A‘lgonkian quartzites are
heavily stained with malachite and a little azurite. Patches of unaltered tetrahedrite
also oceur. The deposit is small and extremely local. -Other areas of schistose
rocks in the vicinity of R()th(nd and a few reported from the southern hills show
quartz and schistg through which is seattered chalcopyrite mingled with pyrite.
The average percentage of copper is very low, -

As coppeér ore is used in the smelting of the refractory siliceous ores, later
discussed, these deposits have given rise to some excitement, but none of them
has yet proved to be of sufliciently high grade nor uniform occurrence to be profit-
ably worked. If found in large enough bodies the coucentration of the chalcopyrite
might be carried on with some profit on account of the expense of importing copper
ores, but as there is no definite knowledge as to the length of time that the refrac-
tory siliceous ores will continue to be productive, the exploitation of copper deposits,
unless in extremely large and uniform bodies, should be carried on with great
caution. ) '

TIN ORES.

Tin has been known to occur in tl{e southern hills since 1876, when attention
was first called to it by Richard Pearce, who had detected it in some gold dust sent
him for examination; but its presence in the Nigger Hill district does not seem to
have been appreciated until the discovery of tin at the Etta mine (originally a mica
mine) in 1883, This discovery stimulated the search for other deposits, which
resulted in several finds in the vieinity of Nigger Hill and Sand Creck and the pros-
ccution of quite a little development work. The enormous expenditure of eapital
and the collapse of the tin enterprise in the southern hills, however, brought all
operations for the exploitation of tin ores to an abrupt termination. Since that
time but for.a few ineffectual attempts to interest capital in these deposits little
or no work of apy kind has been attempted. At present writing, however, the
writer is informed by Mr. W. 3. Tangier Smith that there has been a renewal of
activity in the prospecting in and about thig northern district.

In general, Nigger Hill comprises a central area of cwhtalhne Algonkian 10ukj/.\,_~/
and intruded porphyries of probable Eocene age, from which the sedimentar y-rocks
of Cambrian, Silurian, and Carboniferous age dip away in all directions—a repetition
in miniature of the main _Black Hills uplifi. _For=thisgenéral_uplifted region the
name Nigger Hill is frequently used;..but more cor rectly 1pp11(;(r it indicates—ua
slightly elevated ridge of limited areal extent situated between the headwaters of
Sand Creek and Bear Giuleh. - 1t is on fhis ridge that the most extensive bodies of
tin-bearing granite have been found. The country rock throughout the majer
portion of the uplifted arey is prophyry of Tertiary age, which has hecn intruded
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. po%lble that these'ote bodlc- may l)e &.uccesstullv worked.
e

into the Algonkian rocks in such extensive masses as to have left only small portions
of them exposed. Of these remaining portions perhaps about one-half is erystalline
schist, the other half being irregular, lenticular masses of a coarse, pegmatitic
granite which is. composed of feldspar {orthoclase or albite), muscovite, and quartz.
Both granite and schist, as well'as the acidic types of porphyry, are cut by basic
dikes. The granite masses trend in a general north-northwest direction.  The
largest of them has heen found on Nigger Hill. It is completely surrounded by
porphyry, being more in the nature of an inclusion in the intruded porphyry than a
lenticular ntass+in the Algonkian schists, The exact form and character of this, as
well as the other granite masses, has not been determined, for the country is heavily
cloaked by vegetation and the inines at the time of examination were completely
inaccessible.

The cassiterite oceurs in two forms (1) In the pegmatitic granites and {(2) as
stream or placer tin, which has been derived from then.

In the first mode of occurrence it is found in irregular grains, which range from
611e~eighth to one-Lalf inch in diameter. The grains are most frequently without
crystal faces, but occasional large and fairly perfect crystals have been found.
They are most frequently embedded in the white feldspar which forms the major
portion of the granitic matrix, but.they alse occur in those portions of the granite
which consist.almost entively of quartz and mica. No spodumene has yet been
reported, but columbite and tantalite havié heen detected both in the lode ores and
in the stream tin; some tourmaline and wolframite are also found.

While it has not been possible to form any very satisfactory idea as to the exact
character of these deposits, it seemns ploluble that the\' were formed contemporane-
ously with the granites in which they oceur,” i

Whether these ores may or may not be profitably wor ked is a question which
only extensive exploration will determine. The percentage of tin in the rock is
small, probably not exceeding 2 per cent,* and the distribution of the cassiterite in
the rock is extremely irregular, so that a profitable exploitition at onc time might
readily hecome a ]OsimT enterprise at another. If operated, upon a small scale it is

a3 STREAM TIN.

The str ealﬁ'ti"ﬁ which oceurs-in- gome quntit; in the gulches in this region has
occasioned” e A ann()}, ance to the miners in_their-gold panning since.the early .seven- |
ties. It was, as Doctor Cir penter describes, known as ““iron” until 1883, ‘\th)
attempts have been made to work these gravda and with some ‘su(,(,{enc;, but no exten-
sive shipments have been made. The tin océurs in subangular fragments, rW_hlch

aBlpke, W. P., Trans. Am. Inst. Min. Eng., vol. 13, p. 691, Carpenter, ¥F. R., Trans, Am, Inst, Min. Eng., vol, 17,
p. 572 et seq. Headden, W. I'., Proc. Colorado 8ci. Soc., vol. 3, pp. 847-350.
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range from an inch or more in size down to extremely minute grains. They ure
mingled with many smzll red garnets:pieces of columbite and tantalite, and minute
erystals of topaz. The cassiterite rarely shows the dark reddish coating so fre-
guently observed in stream tin, but it is generally in Black shining fragments, which
are only slightly rounded and bear ev1dence of h‘ng been transported to no gleat'.
distance from their source.

MISCELLANEOUS DEPOSITS IN THE ALGONKIAN ROCKS.

At several localities within the 1:;1-‘odllcti\;e mining region ores have been
found which may be properly described with the Algonkian lodes. They océur
partially in eruptive rocks and partially in breceiated material composed of
schists and porphyry, while at times they form veins which pass from one
rock into the other. At other points they pass from porphyry into Cambrian
rocks, While none of these has yet attained any great importance, there are
two that deserve special mention. The first is in Strawberry Gulch, where a
number of small mines have been intermittently worked, among them the
Hoodoo, Gilt Edge, Jupiter, Dakota Maid, and Union Hill. The ore generally
oceurs in a decomposed porphyry in the form of thin auriferous limonite fillings
of small fractures, or of impregnations in the adjucent rock. In general, these
pass downward into unoxidized pyrite, while in a few cases sphalerite and
galena have been reported. The porphyry mass in which these ores are found
is extremely large 'and so irregularly intruded into the schists that its relations
to them can not he readily made out. Some of the ore obtained from the
mines is rcported to have been very rich, but it has so far been tod irregular
in its occurrence to form the basis of extensive mining.

The second locality where ore has been found in porphyry is at the Old
Tronsides mine, near the mouth of Squaw Creek. " Here there is exposed in the -
side of the creek a sheet of miea-diorite-porphyry about 40 teet thick with beds
of Cambrian vock both above and below. , '

Through these rocks run a series of vertical fractures, striking about N . 85° K.,
along which silicification has occurred and from which telluride of gold has heen
introduced into the adjacent rock, often to considerable distances from a fracture.
Some of the erystals of telluride (presumably sylvanite) are very large.

The deposition has occurred chiefly in the diorite-porphyry, but also to a minor
degree in the Cambrian rocks. At the surface, where the rocks are highly oxidized, =
gold may be'scen-atong the fractures in the free condition: R

There are other places in'which ore bas been found ‘i!i"eﬁﬁives; cithier as fillings
_of fissures or as impregnations, buf‘tbey are not of any cconomic valué. The
eruptives, as a whole, however important they may have been in connection with the

genesis of the ore bodies, have not themselves been the loci of considerable deposits.
4987—No, 26—04—7



CHAPTER II. - '

"ORE DEPOSITS IN CAMBRIAN ROCKS.

The ore deposits in Cambrian rocks are second in importance only to those of
the Algonkian. They have of late years produced heavily, and have closely approxi-
mated the Homestake mine in their aggregate output. They may be subdivided
as follows: ) _

Gold-bearing conglomerates.

Gold and silver ores { Refractory siliceous ores.

_ Pvritous ores.
Tungsten (wolf'ramite) ores.
Lead and silver ores.

GOLD AND SILVER ORES.

GOLD-BEARING CONGLOMERATES,

. GENERAL STATEMENT.

At the base of the series of Cambrian strata, which lie unconformably upon
the upturned metamorphic schists of the Algonkian, a conglomerate is usually
present. It varies in thickness from a few inches to more than 80 feet. At a few
localities it is entirely absent, but: in general is so prominent a feature of the
series that it has been recognized as'a separate formation. Throughout the larger
number- of areas where the Cambrian strata yet Temain uncrodéd this conglom-
erate is characteristically about 8 or 4 feet thick and passes upward into a hard, dense
quartzite that has a vertical range of from 15 to 30 feet, the conglomerate itself
being often cemented by more or less -indurated sandstone of a quartzitic nature.
It is present in this development in the vicinity of Bald Mountain, Garden, Wood-
ville, and many other places. There are, however, two localities where it attains
an unusual thickness. The first is known as ** Cement Ridge,” and is on the west side
of - 8pearfish Canyon; the second is the region in and about Lead. In the latter

‘i'(')'cality only it is auriferous and has yielded large amounts of gold.” The conglom-
arate here has wlq(,_k_wf from 2 to 30 feet and lies at the base of small outliers
of Cambriﬁn‘étr‘at{t'fhat retiiain upon_the summits-of“divides. The region is one of
prevailingly Algonkian Toeks, into which™§treams have carved deep and irregular
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gorges. The conglomerate %5 overlain by cross-bedded beach sands and quartzites,
which are in turn conformably’overlain by the higher members of the Cambrian
series. It iz underlain unconformably by metamorphic schists und slates. In these
underlying Algonkian rocks is a great mineralized zone of relatively indurated
character, which strikes approximately N. 34° W.—almost parallel to the lamination
of the schists. This zone was probably a reef in the old Cambrian sea at the time
of the deposition of the conglomerates, s it offered more resistance to erosion
~than the encompassing schists on nccount of the hardness imparted to it by pre-
Cambrian mineralization. | Upon this zone are the workings of the Homestake,
Father de Smet Deadwood-Terra, and Columbus mijnes, and about it are the
productive portions of the auriferous basal conglomelit;ea of the Cambrian. They
are five'in number; Oﬁé, comprising the Durango and Harrison mines, is west of
the Homestake lode near its southern extremity; the other four, east and north of it,
include the Hawkeye, Monitor, Gold Finch-Gentle Annie group, the Bobtail Gulch
groups, and a fifth mine on thé divide between Deadwood and Blacktail gulches
(see PL VI, p. 214). The gold-bearing conglomerate occupies depressions in the old
Algonkian surface, but thins out to nothing along the strike of the Homestake lode,’
where the higher measures of the Cambrian lap over onto the mineralized rocks of
the Algonkian. A general downward inclination of the Algonkian surface toward
the northeast also exists, but as this corresponds to a northeastward dip in the Cam-
brian it is probably due to later distortion of the Algonkian surface. Beyond the
limits of the area in which this thick, gold-bearing conglomerate occurs the hasal
Cambrian conglomerate becomes very thin and quartzitic. . It is impossible to give
the exact boundaries of its original extent on account of the dissected nature of
the areas now remaining. Lithologically this auriferous conglomerate is formed of
rounded waterworn pehbles of quartz or Algonkian quartzite with an intersprink-
ling of schist fragments which seem to decrease in abundance as one proceeds
farther from the Homestake fode. It may be at once distingunished from the non-
gold-bearing portions of the basal conglomerate, as it-1s cemented by either oxide of
iron in the iveathered portions or by pyrite when it has not suffered alteration.
The nonauriferous conglomerate, on the other hand, has always a quartzitic, or in
rare instances a slightly calecareous matrix. The pyritic cement occurs in all the
productive arcas except one, and as all degrees ot oxidation are present it can be
assumed that the matrix of all of the gold-bearing conglomerate, wus once pyrite.
Much of the gold in the richest conglomerates is detrital, as proved hy its waters—"

worn.condition and. its concentration near the .bed rock. This gold was’ s derived O
undoubtedly from the erosion of &umfmous__lgcle_a_g_l_—the Algonkian -rocks_and was K‘

mechanically deposited in dOpl‘(}‘?‘:lO!lb along the old, Algonkian shore line:  Some of
the gold was dissolved by ferric sulphuato resulting from the oxidation of the pyrite,
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and from this solution was redeposited in thin films in the schists below. This 'has

also produced an enrichment of the lowermost layers of conglomerate. In addition
to these it is possible that gold was introduced with the pyrite that once formed a
‘large portion of the matrix of the pebbles. To determine this, careful assays Wére
made in the only productive area now completely accessible—that which includes the
Gentle Annie, Monitor, Gold Finch, and Hawkeye mines. The mode of occurrence
may be seen in PL XVIII {(p. 214). It was found that along definite lines in the
center of the stopes there were values of from $5 to $12 per ton in the con-
glomerate, while at a distance of from 10 to 100 fect from such lines the values
sink to between $1 and %2 per ton. Iron-stained fractures are found in’the roofs
of thesc stopes. A possible inference is that the gold which has low and fairly
uniform values distributed through the mass is of detrital origin, and that the
additional values have been introduced into the conglomerate together with the pyrite
along zones of fracture. This is rendered still more probable by the fact that much .
'of the gold does not yield to simple amalgamation, the conglomerate being treated
largely by the cyanide process. The introduction of the pyrite was subsequent to

. the deposition of the conglomerates, since mineralization extends into fractures in
the quartz pebbles. The pyvite is probably a replacement of the original cementing
material, which elsewhere consists of quartzose sands.

. Intrusions of rhyolite cut the conglomeraté in some places. They are much min-
eralized with pyrite, which is thought to bhe of post-intrusive origin. This would
place the pyritic mineralization subsequent to the rhyolite intrusion.

These gold-bearing conglomerates must have been either of fluviatile or of
littoral origin. All of the evidence is in favor of the latter viewfor (1) the rocks
immediately above the conglomerates contain marine fossils and were unquestionably
deposited in an extensive Cambrian sea; (2) the area covered by the heavy conglom-
erates is very small and quickly passes in all dircctions into regions where finer
material with marine shells shows that the conditions were marine; hence, a land
surface sufficient to support a drainage extensive enough to deposit such heavy
conglomerate could hardly have existed; (3) cross-bedded sands and quartzites were
deposited upon the conglomerates with perfect conformity so that they are to be
considered as an integral part of a typically marine series; (4) conglomerate is absent
from the outerop of the Homestake lode which must therefore have’ projected above

. the old pre-Cambrian surface; (5) schist fragments, such as could only have been

. . ﬁi_‘esgz;g_dmear the source from which they originated, decrease in abundance as one

4 pt(j:e:acib outward from_the Homestake lode. While, therefore, these were littoral
/ deposits they Wwere exceptional in-that-they were-not uniformly deposited along the
"~ shore, but®were confined to the vicinity of Fhe outerop of a large gold lode, and the

detritul material from that lode wds held in irregular depressions in the submarine
surface in its vicinity.
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The points in which the views herein expressed differ from those of previous
writers are: (1} The recognition of pyrite as once” the matrix of these auriferous
gravels; (2) the reference of a considerable portion of the contamed gold to the
action of mineralization long subsequent to this deposition.

DETAILED DESCRIPTION,

LITERATURE.

In the only previous description of these basal conglomerates or *fossil,

placers,” as they have been termed, W. B. Devercux' has deseribed in a general
way their geological occurrence and the manner in which the gold is present in
them. Since gold-bearing conglomerates as features of stratarof very early geo-
logieal periods have nowhere else been found, this paper has heen widely quoted
in many publications relating to mineral deposits, Since its puhhcatlon many of
these mines have been worked out and are now in most cases abandoned, so that
they afford but poor facilities for investigation. In not a few cases, however,
examination has been possible and several important features not observed by
Devercux have been noted. Devercux’s paper is too long for complete cita-
tion at this point, but a short statement of the main facts and the conclusions
deduced is given below. For further detail the reader is referred to the original.

In the vicinity of the Homestake vein in the Black Hills are a series of
detached areas of Cambrian strata with beds of conglomerate at the base and
resting unconformably upon metamorphic schists, from which the materials
requisite for the formation of the conglomerates have been derived. They

consist of quartz, pebbles, and schist fragments, with frequent hematite bowlders,.

and are cemented by oxide of iron, but in some instances take on' the character
of a breccia.  They contain gold and have been extensively mined, most of the
produ%tive deposits being found on the east side of the Honiestake lode; a single
deposﬂ: occurs on the west side. The Algonkiun surface upon which they rest is
slightly undulating and slopes away from the Homestake lode in a northeasterly
direction, at an angle of about 10° and nearly perpendicular to thé the strike of
the Homestake lode, so that the Cambrian sediments form a wedge thinning out

to nothing on top of the Homestake lode, where the cap of rhyolite comes in -

contact with the vein matter itself. This proves that the thinning was not due
to subsequent crosion. Toward the enst this wedge-shaped mass becomes much
thicker. A section (fig. 12} is given to illustrate this. The richest deposits were
mined from the divide between Deadwood and Blacktail gulches. The gold was a
mechanical deposit of water-worn scales and ‘“shot™ gold, richer near the base of

the conglomerates, so that only the lower 5 or 6 foet paid for milling and mining.

a Trans. Am. Inst. Min. Eng., vol. 10, pp. 465475,
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Locdl channels and depressions in the Algonkian surface cansed concentrations
and enrichments, but the richest portions were sometimés found a little to one
side of the center of depressions, as if caused by wave actioun. Alternations of
rich and poor material oceurred, due to currents. The gold was in a finer state
of division than that in the Homestake vein and carried less silver; probably on
account of the solution of silver by sea waters at the time of deposition and the
solvent action of the ferruginous solutions that formed the matrix of iron oxides

‘that cements the pebbles. Intrusions of porphyry produced heat that later

assisted this solution. The proof of this is that the gold near the porphyry was
either complotely dissolved out of the conglomerate or exhibited a pitted surface
due to solvent action.. The gold was almost always coated with a film of iron
oxide. A further proof of the solvent action of the waters on the gold is that

-1t is often chemically precipitated in thin, continuous films. in the schists below the

conglomerates. Placers of recent formation occurred in Deadwood and Blacktail
’ gulches, and were
formed by the disin-
e, : tegration of the fossil

__________________

kil
'Ga/c"

S0 e, “Tuieh == placers above and,

S:hist Ef.‘«emem mines

Fie. 12.—~Approximate geological section from Homestake eastward, (After W. B, from the erosion of
Devereux,) i

=

with the exception of
Blacktail Gulch, by
dPotsdam  additional accessions

Porphyry

) _ the Homestake ledge.
Cement gold yields 89 to 93 per cent extraction by free-milling methods. He
then concludes as follows:

1t we now endeavor to group together the facts noted above, it does not seem
a difficult undertaking to form a history which shall give a rational account of the
suceessive geological changes which took place. First, we have the proof that the
gold grainsand the contained gold were 1n existence, in much their present condition,
prior to the Potsdam period. Then, we have the Potsdan: seas washing away the
débris resulting from the disintegration of the quartz veins, and depositing it in
deeper water in accordance with its various specific gravities. At the same time the

. gradual. wave action carmed the gold to the hed rock in the same manper that it is

settled in a miner’s pan, The Homestake vein, by reason of its greater durability,
formed a reef or low island which never became deeply submerged. After a time
these sediments became insular, and as such remained undisturbed, gradually becom-
ing cemented into rock until the recent eruptions of porphyry took place causing

-intense local metaphoric action. The gold, which up to this time suflered perhaps

loss in silver only, now became itself partially dissolved where the solvents were
sufficiently powerful, and was again at least partially precipitated as thin films in
the schists helow, g

**Once more a period of rest occupied the time until the erosive action of fresh-
water streams cut through the upper strata and began to disintegrate the matrix of
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the gold and afforded material for a new concentrating process, Disintegration and
concentration bas been going on until now, when the hand of man has hastened the
work of nature.

*“This gold from the conglomerate, which found its way down the slopes to the
graduully lowering bottom of Deadwood Guleh, was joined with new supplies brought
from the Homestake vein through lateral gulches, and the result was the great Dead-
wood placer. That in Blacktail Gulch, however, received no new accession and
remained a placer, which bad received its gold entirely from the Potsdam sediment.”

The remainder of the paper is devoted to the vefractory siliceous ores and does
not concern the present discussion. ‘

LOCATION,

The area in which the auriferous conglomerates occur is a restricted one,
embracing only a little over 2 square miles, extending from the southern edge of
Lead northward to the northeast side of Blacktail Gulech. The accompanying map
(PL. VI, p. 214) shows the focation and extent of the area, also the distribution
of thc gold-bearing conglomcmte ‘

- TOPOGRAPHY.

After the erosion of the cover of Paleozoic sediments which formerly overlay
the region streams trenched deep and irregular gm:ges into the schists, slates, and
quartzites of the Algonkian, The deepest of *these iy the gorge, Deadwood: Creek,
which Hows toward the east about a mile north of Lead and empties into Whitewood
Creek at the city of Deadwood. Through lLead a parallel gulch of less depth,
known as Gold Run Gulch, extends toward the town of Plyma, where it empties
into Whitewood Creek. Poorman Gulch is a transverse valley that runs northwest
into Deadwood Guleh upon the west side of Lead. Blacktail, Sawpit, and Treasure
gulches, join Deadwood Guleh from the northwest. Bobtail Gulch and a corre-
sponding valley on thé south side of the divide that intervenes hetween the two
first-named streams empty into Deadwood Guleh and Gold Run Guleh, respectively.

L

GEOLOGY.
ALGOXKIAN,

- As the Algonkian rocks have been described in detail in the foregoing pages
they will not be again referred to here except with reference to the Homestake
ore body. :

The Homestake ore body consists of a series of broad lenticular masses, .of
Algonkian rock in part silicified and impregnated with pyrite. 1t forms a broad ,
band in the schists of 'an average width of 150 () feet and strikes about N. 34© \V
approximately following the schistosity of the Algonkian scries.

Taken as 2 whole this ore body forms a long zone that pitched in a general way
toward the southeast and has, on account of the induration imparted to it by
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nrineralization, been much more resistant to erosive action than the inclosing rocks,
For this reason it probably formed at early geologic periods a prominent feature in

the old pre-Cambrian surface.

.- CAMBRIAN.

Upon the crests of the Algonkian divides ‘that separate the streams above
described rest small detached areas of Cambrian strata. The pre-Cambrian surface
was of an undulating ¢haracter, and in the depressions of this surface lie the thickest
and richest portions of the auriferous conglomerate. Passing vertically upward
from the Algonkian the conglomerates are overlain by fine-grained, cross-bedded,
and now cousolidated heach sand containing many scales of mica; somo argillaceous
matter, and little, if any, carbonate of 1ime, These in turn pass into quartzite, often
cross-bedded and eontaining subsidiary layers of conglomerate, none of which attain
any considerable thickness. Still above the quartzite are beds of variable width,
cbmposed of a banded, somewhat impure dolomite of crysialline texture, now stained
red and yellow by oxide of iron. Above this in turn lie argillaceous and often
slightly glauconitic shalés. Over the shales is o heavy cap of fine-grained rhyolite,
which is often connected with dikes that cxtend upward from the Algonkian through
the Cambrian. The regularity of sequence is interrupted by two disturbing condi-
tions. First, the rhyolite cap often takes a slightly downward flexure so as to cut
out much, if not all, of the Cambrian rocks; and, sccond, the higher portions of the
pre-Cambrian surface rise so that cﬂﬁglomemte, beach sand, quartzite, and finally
dolomite and shales lap over onto the Algonkian measures. ‘

DISTRIBUTION OF THE CONGLOMERATE AREas, !

On the divide west of the Homestake outerop and betweeun the heads of Poor-
man and Gold Run gulches is a broad trident-shaped avea of Cambrian strata with
its three prongs extending eastward along the tops of the ridges between Bobtail
and Homestake gulches. 'The northern arm lies above the ‘De Smet cut, and its
connection with the main area has been severed by erosion. The central arm ig
capped by a remnant of rhyolite sill, mentioned above, the porphyry forming three
elevated knolls connected by a narrow ridge of the same rock. The Cambrian is
here very thin, and the basal conglomerate is almost entirely absent, the doiomitic
shales heing separated from the schists by only & small 6-inch layer of pebbies. The
southern arm is short and broad and is interrupted by a rhyolite sill and capped with
a remnant of the same rock. The rhyolite has been eroded from the main area with
the exception of two smwall outliers. Along the western edge of this area the con-
glomerate is from 4 to 6 feet thick, but increases toward the southeast to 15 feet;
thence it pinches out so that the dolomitic beds lap over onto the western side of the
Homestake outcrop. At the head of Homestake Gulch the conglomerate is absent
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exccp"t. for a few inches scarcely worthy of mention. On the central arm the con-
glomerate is also absent. On the detached northern extremity, bhetween Bobtail
and Deadwood gulches, it is lacking in the ‘immediate vicinity of the De Smet and
Deadwood-Terra cuts, but appears just east of them, and thickens as it is followed in
a northeasterly direction until it has attained a thickness of perhaps 20 feet.

Another large area of Cambrian is that cast of this and situated between Gold
Run and Deadwood Gulch. At the western end, in the neighborhood of the Cale-
donja cut, the conglomerate is absent, but it thickens to the east until about 400 feet
from the Caledonia it has attained a maximum thickness of 8 or 12 feet. Fastward
from here the Algonkian surface rises slightly again, and the conglomerate, while
present, becomes so interrupted by beds of quartzite and consolidated beach sand as
to have afforded no workable deposits. The rhyolite cap is 150 feet thick between
it and the Algonkian, but there is a considerable thickness of Cambrian. South
of Gold Run is another exposure where conglomerate with a thickness of 8 feet
has been found. North of Deadwood Gulch is a wedge-shaped area of Cambrian
extending southeast onte the narrow divide between Deadwood and Blacktail
gulches. The conglomerate here is upward of 30 feet thick, but is interrupted by
quartzite beds ab the east end of the divide. The Algonkian surface dips northeast
and is lower in elevation than on the south side of the guleh by upward of 150 feet.
In the head of Hidden Treasure Gulch the congloﬁnerate is reported to have been
very thick. On the north side of Blacktail Guleh the Algonkian surface slopes
northeast, and 22 feet of conglomerate is here found considerably lower in elevation
than that south of the gulch. An extensive gill of rhyolite, 350 feet in thickness,
covers all of the country to the north and comes down to, and in places through, the
conglomerate. . '

There are five localities at which anriferous conglomerute has been mined (P VI).
The only deposit mined on the west side of the Homestake outorop-is that which lies
just, west of the porphyry knoll upon the southern arm of the Poorman Gulch area.
There are here two mines, the Durango and the Harrison. The Durango is opened
by a shaft which is north of the Black Hills and Fort Pierre Railroad, and exposes
15 feet of conglomerate lying upon the Algonkian schists. Pyrite forms the cement
of portions of the conglomerate. Not far east of the Durango is the shaft of the
Harrison mine, in which is also exposed 15 feet of gold-bearing conglomerate.. The
Algonkian rocks that underlie these deposits are reported to slope upward on the
east, and the conglomerate itself, as exposed on the east side of Poorman Gulch,
is much thinner, so that it is probable that this coarser material lies in a northwest-
wardly trending depression in the Algonkian surface, parallel to the Homestake
outerop. ’ -

The next deposit of conglomerate is that which lies east of the Caledonia cut and

»
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upon it there are three large mines—the Monitor, at the head of the small gulch
which connects with Bobtail; the Gentle Annie, at the head of a northwardly flowing
stream that joing Deadwood Creek, and the Hawkeye, which comprises a large set
of workings on the southeast side of the ridge. These mines have been operated
upon a bed of conglomerate ranging from 2 to 12 feot in thickness, and lying in
irregular channel-like depressions in the Algonkian, from which the rocks of that
series rise sharply to the west and more gradually toward the east. The larger
portion of the conglomelate is cemented by pyrite. The Monitor workings com-
prise large stopes, often more than 100 feet in width, and sometimes over 12 feet in
height. In the Gentle Annie mine a sill of porphyry underlics the greater portion
of the conglomerate and gradually rises toward the south. The gold in these mines
occurs along definite lines and usually beneath an even bed of loosely compacted,
slightly argillaceous sand. In the reof of the stopes many intersecting fracturecs
can be observed, but their directions were not accurately determined.

The third productive area is situated upon the northeastwardly sloping
Algonkian surface of the divide between Bobtail Gulech and Deadwood Creck. In
the vicinity of the Deadwood-Terra mine this conglomerate purtakes of the nature of
a breccia. It is all of the oxidized varicty and the pebbles are imbedded in a matrix
of iron oxides. lf comprises three mines—the Deadwood-Terra mine, nearest to the
Homestake ore body; the Omega mine, lying to the northeast, and the Pinney open
cut, which has been excavated from the very narrowest part of the divide upon a
portion of the conglomerate which was exposed at the surface, but has now been
completely removed. '

North of Deadwood Gulch, and on the divide between it and Blacktail Guleh, is

* the fourth and richestarea of gold-bearing conglomerate. Upon this area there were
operated three mines—the Baltimore and Deadwood on the extreme eastern end of
.the divide, the Esmeralda. upon the north side a little to the west of the Baltimore
and Deadwood, and the Hidden Treasure mine on the western edge of the area.
None of these mines is now accessible, but the conglomerate in the Hidden Treasure
mine is reported to have yielded extremely large amounts .of gold. The Algonkian
surface slopes upward gradually toward the northwest, and is reported to have finally
encountered a northeastwardly trending rise, which cuts out all but the upper
measures of the Cambrian series. The Longlomemte at this point is not now to be
seen, but is reported as of great thickness.

‘The fifth area is on the north side of Blacktail Guleh, northeast of the last
named. It comprises the Minerva and the Deadbroke mines. From the tunnels of

" these two mines, which run northerly from the base of the hill slope, the Algonkian
surface slopes sharply downward toward the northeast. At the entrance niost of the
conglomerate is cut off by a capping of rhyolite which comes completely down to the
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Algonkian, but it thickens to more than 22 feet at the northern end of the mines,
about 600 fect northeast from the entrance. Part of the conglomerate in the
Minerva mine is still in an unoxidized or pyritic condition, but the larger portion
of it is cemented Dy iron oxides. .

Of thesc five productive areas the richest was that upon the divide between
Deadwood and Blacktail gulches. Some of the conglomerates taken from there,
according to Devereux, yielded $50 per ton.® Ore from the Pinney open cut, on the
divide between Bobtail and Deadwood gulches, is also reported to have been very -
rich, and likewise some of that taken from the Deadwood-Terra mine. That from
the area east of the Caledonia open cut was characteristically lower in gold contents.
That on the northeast side of Blacktail Grulch does not, ag’a rule, yield more than $4
Pper ton, while in the Durango, on the west side of the Homestake vein, it is also of
low grade. .
LITHOLOGICAI: COMPOSITION.

The gold-bearing conglomerate is composed, as stated by Devereux, of the
débris derived from the disintegration of the Algonkian rocks. Rounded, water-
worn bowlders and pebbles of quartz and laminated quartzite are the most common,
and range in size from one-half of an inch to 1-foot in diameter. The larger ones
are hot very frequent, and a fair average size for the'majority of pebbles is probably
“from 14 to 3 inches. Many smaller and many larger ones occur, but they are insig-
nificant in number. TFragments of schist, often 3 or 4 inches in length and more or
less rounded, occur intermingled with the other pebbles, but they are not abundant.
They occur with greater frequency in the Omega and Hawkeye-Pluma mines than
in the Deadbroke and Minerva—that is, they are in greater numbers near the old
shore line from which they were derived. .Devereux mentions many pebbles and
howlders of hematite, but none were observed by the writer. Between the pebbles
and schist fragments are many small, rounded grains of.waterworn sand, scales of
mica, and smaller pebbles. The whole is cemented together by material which, in
the gold-bearing areas, is in large part exther pyrite or iron-oxide, while the non-
gbld-bearing portions are cemented by a quartzitic matrix,

*
PYRITIC CONKGLOMERATE.

When the matrix is pyritous the conglomerate is thremely tough and breaks
with dificulty. The spaces between the pebbles are often incompletely filled, so
that cavities are left in the pyrite with their interiors coated with drusy crystals
of the sdme mineral. Such cavities ag this are frequently encountered in mineral
deposits formed by the replacement of one mineral By another where the aggregate
voliume of the material introduced is less than that removed. They may be considered
an important proof of replacement action. Kxteusive bodies of this pyritic con-

aTrang, Am. Inst. Min. Eng,, vol. 10, p. 468.
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glomerate are found in the Pluma, Monitor, and Gentle Annie mines and 1solated
patches oceur “in the Minerva mine on the north side of Blacktail Gulch; also
in the Durango‘mine on the west side of the Homestake lode. In ‘othe'r words,
all of the areas where the auriferous conglomerate has been mined show greater
or less amounts of an unoxidized pyritic matrix, the single exception being the
Deadwood-Terra-Pinnev\I’ area, between Bobtail and Deadwood gulches, where the
cement is wholly limonitic. This pyritic matrix was not ohserved by Dévereux,
probably on account of the limited amount of developnicnt attained at the time
his observations were made.

'

CONGLOMERATE CEMENTED BY IRON OXIDE.

Of the gold-bearing conglomerate already mined probably four-fifths of the
total bulk has been oxidized. This oxidized conglomerate has a cement of iron
oxide, sometimes exhibiting cavities, but most frequently constituting a moderately
hard, uniform material of reddish to dark-brown color. In cases where oxidation
has gone very far, the conglomerute is loosely compacted, but in general blasting
is necessary to remove it. In places it bas been resilicified by waters that have
penctrated it along lines of fracture. :

The continui'ty of these conglomerates is ‘frequently interrupted by beds of
quartzite, often cross hedded and containing subsidiary layers of pebbles; also
by bands of loosely consolidated somewhat clayey sand in thin flaggy layers,
which contain many scales of mica. Such interruptions are always accompanied
by a decrease in the gold contents. In places quartzite beds become so abundant
that the conglomerate gradually dwindles to nothing. Again; there may he two
beds of coarse, ferruginous conglomerate separated by a parting quartzite. In
general, however, the gold-bearing portions of.the conglomerate lie in more or
less channel-like depressions, and a transition laterally into quartzité and sand
. layers, where seen, is accompanied by a rise in the Algonkian surface,

ALTERATION OF THE CONGLOMERATE,

- There is little question that the matrix of all of these ores was at one time
pyritic, for pyrite is still present over cxtensive areas. It disappears gradually as
one passes into the oxidized material oceurring in isolated patches in all but one of
the areas of oxidized conglomerate. ,

The process of oxidation'is still going on in many places. In the Pluma mine a
drift had been run through completely fresh pyritic conglomerate and was left for -
some years. The walls are now coated with a thick layer of glistening cfystals of
inelanterite, many of them of singular beauty and perfection. A fine Whitish-gree;l
layer of the same mineral is often presenf and may be identified by its slightly acrid
taste. This indicates that ferrous salts are the first to form in the oxidation of the
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_pyrite, and such is in accord with recent investigations by Dr. H. N. Stokesl.,' As
will be later apparent, these sulphur-iron compounds have an important bearing
upon the solution and reprecipitation of a portion of the gold.

TIIE CONTAINED GOLD.

The gold is known' to occur in two conditions: detrital gold and chemically
reprecipitated gold; in addition much of it may have been introduced with pyrite.

MECHANICALLY DEPQSITED GOLD.

Apparently the detrital gold was in the carly developments the most important
source of value in the ores. Of it Deveréux remarks:® ““The gold had all the
characteristics of °‘placer’ gold and was generally what is called ‘shot’ gold, or
smooth, rounded grains slightly flattened. 1 observed one nugget of nearly 3
pennyweights in weight.” >

The writer has noted occurrences in which gold such as that described, was
found in ‘considerable quantity. A nugget of about the size of the one men-
tioned was seen embedded in the iron-oxide cement. Tt is well rounded and
nearly one-half inch in diameter, and is of undoubted detrital origin. Many fine
scales, showing the characters of waterworn gold, may be seen in addition to the
coarser gmlm, As a role; gold can not be seen in the conglomerate either in
the sulphlde or. oxidized variety without the aid of panning. The distribution of
this detrital gold through t;!)e conglomerate iz dependent on two conditions: First,
that of specific gravity; second, that of the alternations of rich and poor materials
-due to varying conditions 'orf«deposition. The gold oceurred largely near the bottom
of the conglomerate and not fa{; from its contact with the schists. ‘‘In general,”
savs Devereux, “only 5 or 6 fedt~in.thickhess=will pay for mining ard milling.”
1t is usually distributed more thickly at the bottoms®of the stopes immediﬁteiy over-
lving the slates. Devereux remarks:® - i

“In general where conditions had been such as to allow the subsidence of other
materials of high specific gravity the gold was most abundant; ordinarily with large
quartz bowlders or with pebbles of hematite. The latter were seldom found without
gold being attached to them, the pebbles themselves havi ing a smooth pohhhed surface.

In general, the position of the gold was always such as to point to its great . SpC(,lflG .

unwlty as th(, locating canse and not to solution or precipitation. In fact, the many
curious positions in which I observed the gold were such that no s&tlsmctory expla-
nation could hé found except the one noted above. - Upon one quartz bowlder, which

had lain directly upon the schists, T found, after removing the dcgomposed tale from
the bottom, that graids of gold of rleosti exactly the same size were ar ranged\m

ribhon-like layers in such qucmtltv that half an ounce could probably have been cov-
ered by the hand. TFach grain of gold is generally covered w1th a thin coating of *

oxide of iron, which needs a blow to loosen it.”

aTrans. Am. Inst. Min, Eng., vol. 10, p. 469,
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It is to be regretted that the writer was unable to see more occurrences of
detrital gold in these conglomerates, but the mines are now but little worked and °
such operations as are being carried on involve leaching in cyanide tanks, little or
no free gold showing in the ore. The opinion of Devereux, however, as to the
detrital nature of the gold is based on a wide range of observations made while
éngaged in mining work und may therefore be assumed to be accurate. Further-
more, they are in accord with such observations and panning tests as the writer was
able to make, and there seems to be no doubt that a large portion of the gold in
these conglomerates, especially in the richer workings in the pyritic or oxidized
condition, is of detrital origin and has been derived from the erosion of the Algonkian
lodes. : '

CHEMICALLY XEPRECIPITATED GOLD.

A number of assays made by Devereux seem to show that the detrital gold
contains less silver than that in the neighboring lode ore deppb:its, and this is in the
line of ohservations in other regrions,” placer gold generally being purer (containing
less silver) than that occurring in veins. This is us;ua,l]y attributed to the greater
solubility of silver over gold. Devereux supposes that the solution may have been
due to the action of sea water ab the timc of deposition, or of later ferruginous
waters. The former is possible but not susceptible of proof; for the latter
Devereux himself cites instances where thin films of gold are present “along the
lamination planes in the schists below the conglomerate, audﬁﬂg;f.i_v'cs. instances where
as much as 10 feet of bed rock paid for mlmnrr and’ nnlhng, ‘the writer has also seen
deposits in the Deadbroke mine where sc chists for a dopth of_3_feet below the ore
are reported to carry about $3 per ton in gold. . Similar conditions are also said
to obtain in other oxidized IocaﬁiesfiNolv:,,as~h‘i{s been shown, the matrix of the
conglomerate is pyritic. Ag:this was oxidized from the surface downward solutions
'_SIf'\ferrir;_.sulphate:yy,pyt]_gl_,,be’fbrllled by descending surface waters, which would take
up ini-solution. both gold and silver. As this ferric sulphate came in contact with
pyrite the dissol\f'edﬂﬁatals would have been precipitated, the gold more readily

than the si]ve;',-/owing to the superior solubility of the latter. . Thus, the hottom of
- the.conglmhé'ate ‘beds and the underlying schists would bave been enriched by the
“—repFecipitation of the gold, but the silver would have been carried farther:

j GOLD I\TRODLCED WITH PYRITE,

Tt is cvldent that the introduction of the pyrite into the n;onglomertttea is
tbb"l result of mineralizing a(,tlon subsequent to deposition, for it occurs in fractures
+in the pebbles and contamb cavities, lined with erystals, such as may frequently

/ “be observed in 1ep}acement deposits, That gold was actually 1nt1‘0duced with the

“a Trans, Am, Tnst, Min, Tng,, vol. 9, p. 636, .
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pyrite seems probable, but is hardly susceptible of definite proof. The facts
bearing upon this point are as follows: In the Hawkeye-Pluma mine there is a
stope 500 feet longl in which large pillars have been left to support the roof.
The conglomerate is from 5 to 8 feet thick and i3 largely oxidized, but passes
into the pyritic variety at the north end. A series of assays made in this stope
showed values of about $6 to 8 per ton confined ahuost entirely to ghe pillars, but
no values in the sides of the stopes higher than $2 per ton, although in many
instances there was little change in the character of the conglomerate. Two other
stopes in this mine showed the same phenomenon. Fractures, stained with iron
and somewhat silicified, oceur in the sundy.material that forms the roof. In this
case the rock is vicher where the pyrite is most abundant—that is, along the medial
lines which appear to be lines of fracturing and hence channels for the admission
of solutions. Unfortunately, it does not seem possible to determine what propor-
tion of gold in the pyritic conglomerate is detrital or was there before the pyrite
was introduced. There is also a possibility that some of the gold in the lower
and unoxidized portions may he 1ep1e01p1mted. gold resulting from secondary
concentration.

REFRACTORY SILICEOUS ORES.

GENERAL STATEMENT.

Ot all the ores occurring in rocks of later age than the Algonkian the refrac-
tory siliceous ores  have thus far been the most important factor in the gold pro-
duction of the northern Black Hills. Their yield has inercased rapidly and is now
equal to about two-thirds of the output, of the Homestake mine. They exhibit a
very marked uniformity in occurrence and may be considered to be of rather
unique character. ‘K--_r“_aﬁ—ﬂﬁ_n - '
These ores have heen variously termed ‘ Potsdain, gold oreg”’ “and ‘‘Siliceous
ores,” the latter name having prevailed more w1dely thdmth(, ()t}](!L_.lﬂ"ll]lI]lI]g-and
geological circles.  Of these the name “8jliceous ores ” alone, ba,sed upon the minera”
logical composition of the ore, is inapt, as it does not- serve to distinguish the ores.
from others whose Lhdmcherlsmc quartzose gangue is unaccompanied. h_} refractory /
character.  Aguin, the term ““Potsdam” is to be-excluded, hecause the-(,,ambr1an '
rocks of the Black Hills region have been recently proved to belong to an age cather-.,fu—
than the Potsdam. The term ““refractory” is open to the least objection, in that Sea,
amalgamation has proved unitormly unsatisfactory in the treatment of this class of
ores. It does not, however, serve to exclude those ores of a more },;as.ic confi)osi-
tion which are'of frequent occurrence. For the purposes of this paper, then, the
term *‘refractory siliceous ores™ has been adopted as expressive of the most strik- .'\
ing features of the ores and as least at variance with the names now in use. AN

ra

caTrans. Am. Inst, Min. Eng., vol. Z'f, 1897, pp- 404, 428, \

~
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The ores are Wirdely distributed over a broad, irregular helt extending from
Yellow Creek on the southeast to Squaw Creek on the northwest. This belt
includes five productive areas, which have been severally designated as the Bald
Mountain area, Lead arca. Yellow Creek area, Garden arca, and Squaw Creek
area, the last named being little more than a prospect® and situated at the junction
of Squaw and Spearfish crecks.?

The ore is an extremely hard, briftle rock, composed largely of secondary
silica and carrying, when unoxidized, pyrite, fluorite, and other accessory min-
erals. It occurs  in flat, banded masses, in which the banding is continuous
with the bedding planes of the adjoining strata. Thesc masses possess a regular,‘
channel-like form and follow zones of fracture that vary in their general direction
in the different districts, but have a very uniform trend in any single productive
area,

These channel-like ore bodies are known as *‘shoots” and h‘w a width of
trom a few inches to, in rare instances, 300 feet. The length isin all cagses [many
times greater than the breadth, and in one instance reaches nearly three-fourths
of a- mile. The vertical dimensions vary from a few inches to g, maximum of 18
feet. The average thickness is about 6 feet. The channels generally follow
either single zones of fracture, which -are parallel to their longer diameters, or
broad areas of parallel or intersecting fracture. A series of ty[)ica_licross sections
of these ore shoots may be seen in PL XI (p. 214). i
' The country rock in which the ore occurs is a dolomitic limestone of fine-
grained crystalline texture and varying, like the oT8, =in"its degree of oxidation,
It is termed ““sand rock” by the miners. In its fresh condition it is a dense,
gray, crystalline rock sh0wing/innﬁmemblq_isymll cleavage faces of dolomite and
generally interrupted hy ‘t?jnds of greenish-black shale of varying width. When
“oxidized it-has.a deep:) red” coler, but presents the same glistening facats, whlle
tvith very adwvy mwd (themtlon it passes into a red, carthy material termed * gouge’™
Dolomite beds of this character’ have 56 far been found to contain ore bodics at
two posntlons in the Cambrian series; the first heing immediately over the busal
quartzne,qfrom 15 to 25 feet above the Algonkian schists, and known as the ““lower

‘._contact ¥/ The second is from 18 to 50 feet helow the Scoléthus, or so-called ** worm-

e

eaten” r.sand-o"mne that forms the top of the Cambrian series, and is termed the
‘upper contact.” Other beds of dolomite occur at intervening levels and have
RN

- a.As this paper goes to press the writer 'ia in reeceipt of a pnpe:: by C. C. O'Harrs, in which this Bquaw Creck area,

where the Cleop&tm mine is snuated is shown to have become o jrery 1mp0rt:mt producer since thé writer visited the
region. -

tA small additional area in Spruce Guleh -has becn shown on the map, but the orey here fuund are so mlich

more basic than the normal silicecus ore and are of such small importance that they are omitted from this

dizeussion, T
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produced u little ore at some few localities. They haﬁebeen but little prospected;
more extensive exploration may show them to be frequently mineralized.

The beds that form the roof of the ore arc generally shales of a1 more or less
1mperv1ous character, or not infrequently sills of eruptive rock.

* The floor upon which the ore rests is sometimes the basal Cambrian quartzite,
but in many cases varying thicknesses of dolomite intervene hetween it and the ore.
In such cases the widest portion of the shoot is divectly beneath the impervions rock
of the roof, the solutions having spread cut and replaced the dolomite to the greatest
distance along the under surface of the rock which checked their upward progress.
In a few instances the ore lies on a floor of cruptive rock. On the upper cont'u,t,
the floor is either dolowmite or shale.

 The.grade of the ore is different for the scparate productive districts. For
the main or Bald Mountain area and for the Garden area the average yield is
about $17 per ton; for the Lead and Yellow Creck areas it js possibly $45,

The ores are mainly ores of gold, but occasionally carry quite high values in
silver.
DETAILFD DESCRIPTION.
LITERATURE.

With three exceptions the literature relating to the refractory orves is of a
very fragmentary character, such reference as is made to them being only incidental.
The first of the three exceptions referred to is a paper by W. B. Devercux,® entitled
““The occurrence of Gold in the Potsdam Formation, Black Hills, South Dakota.”
This paper is mainly concerned with the auriferons conglomerates described in the
-foregoing pages, but includes a brief discussion of these ores, at that time but
little developed and less understood. 1In this papet_occurs the following description:

“%  # % Qaveral milesdistant gold oceurs in the same formation in considerable
quantity, and with such charabtenst,lcs as to justify its being classed as a chemical
constituent. N

““ This locality is known as Bald Mountain, and comprises-an elevated avea of-
several square miles, through which guite an extensive mineralization has taken place.
The same geological features are here met with that T have alveady deseribed; a base
of schists, upon which ave typical quartzites, from which the sedimentary character
has been almost obliterated by metamorphic action. These are penetrated in ever'jr'-\x
dircetion by porphyritic dilkes, the overflow from which has, in places, formed high
peaks, 'There is generally a small stratum of conglomerate next to the schist, but
the sediments were generally quite fine. 'Through the area mentioned ores of gold -
and silver are quite common, although 1 do not know that their treatment bas proved
to be a financial snccess, The ores secem to be Impregnations, and not confined to
veins with well-defined walls. In fact, true vein quartz is rare, and I am not sure

aTrans. Am. Tnst. Min. Eng., vol, 10, 1882, pp. 465475,
4987—No. 26—04——8 . R
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that 1 have seen any, althoughi some of the quartzite would be taken for quartz if
exumnined without a knowledge of 1ts occurrence.  The silver oceurs as chioride, more
rarely native, and is confined to small fissures in the rock. Copper stain is also
common. Gold ocenrs native, hut in #0 fine a state as to be seldom visible. 1 have
noticed it as a brown sponge in cavities in the quartzite, and with no metallic appear-
ance until compressed with a knife, when it immediately assumed the luster and color
of gold. These cavities are very common in the quartzite and are generally lined
with quartz erystals,

“The ratio of gold to silver iw variable, and ranges from a small percentage of
the total value to half. Continuous hodies of rich ore seem to be rare, although speci-
mens giving high assays can easily be ohtained. I'rom its appearance the sponge
gold described should he nearly pure, but I have never been able to test it. At the
tinte of my observations, which was several years ago, the developments through the
region were very limited, and 1 was unable to form conclusive opinions regarding
the character of these deposits. Certain facts scemed to be pointed out: First, that
the metallic constitnents seemed to be segregated along certain strata through which
there seemed to have been less resistance to the passage of the mineral solutions;
sccondly, that in these planes there is a concentration along certain vertical planes,
which planes are contacts of the quartzite with. porphyty dikes. Almost all of the
openings showing ore conform to these two conditions. I have sampled portions of
decomposed porphyry which were very rich in ‘silver, and gold or silver secned to
be found in almost every opening made along & certain plane within certain limits.
T have also examined these dikes below the contact of the quartzite and the schist,
and found them, to a certain extent, lines of mineral segregation. It, therefore,
seems doubtful whether the minerals came from below, or were derived by segrega-
tion from the sediments themselves. I am inclined to think that both causes were in
operation. In one place we found that the lower sedimentary stratum was highly
charged with oxide of iron, and that a sample gave over twenty dollars in gold per
ton, although it was so tine that no gold could he obtained in the pan, an almost
universal characteristic of these ores, and one which bars the use of the simple stamp
mill without amalgamating pans for reduction.”

In this statement Devereux has embodied two very important facts: First,
these gres oceur in c(;rtn.in well-detined heds,” and, second, they follow definite
vertical planes or directions., In so-far as he conuects these vertical planes or
directions with porpbyry dikes the evidence does not support his assumption,
nor does the  ore usually occur in quartzite. Furthermore, the instances in which

;nutiﬂre—gcrﬂﬂdfis found have proved to be very exceptional, and only one or two
very doubtful occurrences have come to the observation of the writer.? The fact
that the ores are difticult to treat has since heen thought to be due in part to
the combination of the gold with tellurium as well as to its very fine state of
division. ‘Chloride of silver has heen reported from a very few of the siliceous

aIn the Hidden Fortune mine, north uf Lead, native gold pecurs in great abundance in the ore, but the conditiong
here may be considered somewhat exceptionul, so that the above statement is accurate for all other oceunsrences.

i
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ore bodies with relatively high silver content, but is an extremely rare constituent
of these ores. ' ' J '

The second pai»er relating to these ore hodies iz that by F. R, Carpenter, and is
entitled ¢ Ore Depostts of the Black Hills of Dakota.™ Under the heading **Contuct
deposits? Carpenter deseribes the ores as replacements by siliea and pyrite of the
limy portions of the country rock, which he deseribes as sandstone or quartzite. .
He draws attention to t-o fact that they are in no sense due to the filling of
preexisting cavitics, and fuither states that gold is more widely developed ‘in the '

I \

lower, and silver in the upper, strata of the Cambrian. .

The eruptive rocks are considered as of earlier age than the ore deposition,
The ores are described as intiianiely associated with the igneous intrusions to which
he considers they owe their origin, und he believes that the refractory ores will be .
found coextensive with the distribution of the intrusives throughout the Cambrian
rocks.

The conclusions of Carpenter in rvegard to replacement, as well as other of the
essential features of this paper, have been confirmed by recent investigation, but
certain modifications have been suggested iy studies of the writer. The cases in
which the siliceous ores are mineralized guartzite are confined to a few localities
where the latter rocks contain unusual amounts of carbonate of lime.. The
majority are undoubtedly mineralized dolomite which, in some cases, contains
sufficient quantities of sandy material to he termed o ealearcous sundstone,’ but it
is rather important to recognize that the oviginal country rock hefore mineralization
was o limestone, and that the grade of the ore has heen lowered in the same propor-
tion that it was contaminated by sandy or shaly material. Some. confusion seems
to have existed on this point in the minds of most early writers. '

As regurds the relation of ore bodies to eruptives, it is qui-te' true that they
oceul only in the vieinity of the latter and are of later introduction, but that
the ores are the effect, and the-eruptivés the cause, has not heen denionstrated.

The third and most recent discussion,of these ores is.in.a paper-hy F. C.
Smith,? entitled’ ““The Potsdam gold ores of the=Black- Hills of Soi;th Dalkota.”
Parts of this paper huve heen quoted in full in the following pages.

Professor Smith -disctisses the geology of the siliceous ores of what_he_terms
the “ northern connected district,” un area that includes the Bald Mountain area =
of his paper, but omits the Yellow Creck, Lead, 'and Garden aréas. He then _
adds a discussion of the ores, of which the following is a short digest: .

The Potsdam ores are ““thoroughly reorganized sandstones showing, under the
' microscope, many druses-lined with innumerable quartz crystals, and containing

o Trans, Am. Inst. Min. Eng., vol 17, 1589, pp. 582-538.
B1hid,, vol. 27, 1897, ppn. 420 et seq.
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calcite and flucrite.” He divides them into blue or *unoxidized and red or oxidized
ores, giving analyses to plOVL the origin of the latter from the former. and states
that both varieties are ““very brittle and hard to break or pulverize.” He finds
by many careful analy=es tellurium and gold and silver in quantities requisite
for the formation of tellurides There are two ore-bearing beds or horizons. In
discussing the orgin he says the “‘muneralization is undoubtedly referuhle to the
igneous action, which is o strongly marked i their vicinity.” This connection
he “describes in detail as follows: ** Wherever mineralization of the Potsdam beds
has occurred it can alwavs be traced to a quartz-porphyry or rhyohte dike or
‘y:ert,ical,’.which itself'is usually mineralized, stained with oxide of iron, and »o0
much- broken and decomposed that it rock character is distinguishable with
difficulty.” He then further discusses the influence of the ntrusves and adds
certain conclusions which, as they do not bear directly on the question at issue,
are herc omitted.

) Professor Smith’s descriptions and conclusions as to the character of the ore
have been fully borne out by later investigation, and it secems probable that the
refractory character of the ores is in part due, us he supposes, to the combination
of the gold with tellurium. The ores are not, however, ' thoroughly reorganized
sundstones” except in so far as the replaced dolomite ha~ shown locally a slightly
sandy character. His statement as to the relation of ores to the eruptives is also
incorrect, since the so-called ** verticals”

An additional dlpcuaalpll of these ores was published by the writere just
+ prior to the year in which the fieldwork for this paper was completed, hut as

are fractures, not decomposed dikes.

the results there set forth are largely embodied in this paper they will not be
further discussed. : : i .
HISTORY AND DEVELOPMENT.

- The following brief history of the ores is found in Professor Sm]th’s paperb
and is quooted-in_full:

““The history of the Potsdam ores commences in 1877, when Mr. A. J. Smith, of
Portland, S. Dak., located the Empire mine on Green Mountum and later the Trojan,
Pergeverance, and Indispensable in the same vicinity. In 1879 the first engine was

_-erected t6 supply power for the treatment of these ores.  With it an arrastre was run

upon ores from the Empire mine averaging about $35 per ton. The saving in
precious metals was little or nothing, and the attempt wa» discoutinued uafter about
two months, In 1880 the Portland Mining Company, owning the Portland, Gustavus,
and Pilgrim mining claims, built a mill (which still stands idle near the old town of
Portland) for the treatment of these ores by pan amalgamation; later this company
purchased the Empire, Trojan, Indispensable, Perseverance, Folger,” and Olive

«Ann New York Aead Ser vol 12, pp 207-d11
LTruns Am Inst Min Eng, vol 27, pp 420-422
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claims.  Pan amalgamation =aved ahout 50 per cent of the silver and 30 per cent of
the gold, and various other processes, such as **free milling,” kiln roasting, chlori-

-nation, and cyanide lixiviation were tried without success. TIn 1883 the Welcome

.

Mining Company passed through a similar hstory of unfortunate metallurgical
experiment upon their property near the head of Fantail Gulch.  In 1886 the Buxton
mill was built by the Buxton Mining Company, and experiments made there hy Mr.
Q. P. Ankeny, by the usc of bromine, seemed to have stopped just short of success,
probably on account of disadvantages which at the present date would not surround
the experiment. About this time the siliceous ores were successtully treated by the
Plattner process in the metallurgical department of the School of Mines.  In 1889 the
Golden Reward (zold Mining Company erected a plant in Deadwood for the treat-
ment of the Potsdam ores by barrel chlorination, commencing in April; 1891, with a
capacity of 50 tons per day. In 18500 the Deadwood and Delaware Smelting Com-
pany huilt the small experimental sinelting plant in Deadwood which has sinee grown
so largely.  Two years later, or in 1892, a small ¢yanide plant was erccted in Dead-
wood by the Black Hills Geld and Extraction Company. and in November, 1895, the
Kildonan Milling Company started chlorination works at Pluma, 8. Dak. (a shmt
distance from Deadwood), with a cupacity of ahout 75 tons per day. .

“During the time from the first disastrous attempts at the treatment of the Pots-
dam ores until more skillful expetiment had tirmly established the Deadwood and
Delaware and the Golden Reward plants, although considerable amounts of ore were
shipped outside of the Black Hills for treatment, the fact that ores of less value than
about $30 per ton could not be mined and shipped with any profit, together with
a superstitious feeling that there was something “ uncanny ™ about these ores and
that they could not be treated sueccessfully, prevented an active development of
the Potsdum o1e bodies, Only within"the last three years have the old conditions
heen changed, and miners can now generally obtain a profit from ores carrying %15
per ton,  Naturally the earlier mines in the Potsdam ore hodies were located where
the Potsdam rocks were easiest,of attack, in the vicinity of Green and Bald moun-
tains and to the cast of Terrvs Peak in Nevada, Fantail, and Whitetail gulches  In
these localitiex the three large companies which handle the Potsdam ores (the Dead-
wood und Delaware, (Golden Reward, and Horscsh()e) ownand operate a large number
of very valuable mines, and. smaller companies dnd 1nd1vlduf11 owners hold the
remainder.” e

PRODUCTION,

The ohtainable ‘data on the production of  these ores are of the most meagder
description. The report of the State mine inspector for the year 1897 gives the

following: ) .
Production of shiceons ore n northern Blaek Hills ) \
Golden Reward.-._....._.. L e $683, 205 32 .
Deadwnod and Delaware ... ... . ... ... .. i iaiiaas 504, 000 00
HOPSeRhOR . .« ecemoe oo o U 304, 500 00
BONANZA ool e i 134, 561. 24

Wanp RO o e aaaas 182, 845,12
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Drvidend. .o . et eeeeee- $63,017 54
Clinton and Ashland . ... iecieaaas 66, 380, 09
[0 T e 1 S reaaaan 50, 000, 00
5 7 41, 108, 80
Little Blue ...._...__. i 52, 000 00
Wasp Mining Company . ... e e icceaaaaaans 4, 500. 00
Wasp No. 4o ; 1,200 00
Ria...... e et e e e e e eeam s 20, 000. 00
Balmoral - . oo oot et e P 16, 821. 38
« CBuxton ...l mreraaas Ceeaoo- 10,997. 71
EvaH ..o e e et iaaeiaan- 12,000 00
Yellow Creek Gold Mining Company ....... FEETTEPRPRRP e . 24,152 38
. 0. eeeeiieieiaoaooo.llo 2,164,287 58

As the total "gold output of the Black® Hills for the same year is given as
$5,631,237, it will be seen that the siliccous ore' production for that year was
about two-thirds that of the Algonkian ores. Since this report it has steadily
" increased.

* CHARACTER AND POSITION OF THE BEDS TN WHICH THE ORE OCCURS.
! PHYBICAL CHARACTER

. The rock in which the refractory.siliceous ore occurs is a crystalline magne-
gian limestone or dolomite. 1t forms heds of variable thickness at different

e

positions in the Cambrian series, and is known among the miners as **sand rock.”

© Macroscopic appeurance.—In its Aresh and completely unaltered condition it
is a-+dense. massive rock of light bluish-gray color, conststing chiefly of an aggre-
gate of small glistening grains of lime-magnesium carbonate, among which are
scattored minute masses or crystals of pyrite. Little irregular Hecks of glauco-
nite often give it a greenish tinge, but they ave ravely present in sufficient
abundance to hecome a conspicuous feature. Alternating with the beds of this
dense, marble-like rock is dark, g:recnish-h]nck shale, which is arranged sometimes
in even, parallel bands, and sometimes in extremely irregular or distorted patches.
In some places these shale bands are so nearly absent that the rock resembles
a fine-grained homogeneons marble with thin lines or fraces of shale in just suffi-
cient amount to bring out the stratified nature of the rock. In other cases the
shale beds are much thicker and not infrequently occur in such abundance that
the strata partake more of the nature of highly dolomitic shale than of crystal-
line fimestone. All gradations exist ‘hetween these two extremes, but the pre-
vailing oceurrence is where the dolomitic beds are in the preponderance. The
shale hands are’then extremely thin and at varving distances from one another.
They often exhibit a very marked cross, bedding and hring out clearly the scdi-
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mentary origin of the rock. Regularity of banding is, however, rarely continuous,.
for it is interrupted by crushed and contorted layers, by irregularly distributed
little faults, and often by a confused bhrecciated structure. These brecciated
structures - hecome at times very pronounced, so that the stratification is com-
pletely obliterated, and the broken .fragments are often rounded in such a way
as to give to the rock the appearance of a conglomerate.

dicroscopic  apperance—~-Under the microscope the ore-hearing rock, or
dolomite, is seen to he of two different varieties: (1) An aggregate ‘of inter-
locking anhedra® of dolomite, none of them possessing crystalline boundaries;
and (2) an aggregate composed of rhombs of dolomite, all of them complete
crystal individuals. ‘

Dolomite of the first variety is composed of an aggregate of anhedra of
dolomite impinging upon one another with extremely irregular boundaries.
Among these are scattered irregular rounded grains of quartz, masses or crystals
of pyrite in the unoxidized varieties, minute specks of magnetite, irregular
patches of green glauconite, and an occasionnl mass of caleite. The main body
of the rock iz made up of the dolomite. -Tt clearly shows rhombohedral cleavage,
hut never, even when strained; is there twin lamellation. Calcite when present
can be readily distinguished from it by this means, The rounded grains of
quartz show all the attributes of detrital material, and probably remain as.they
were prior to the marbleization of the rock. They sometimes occur in great
ahundance. In the‘spécimen taken from the Two Johns mine, theyv are segre-
gated into“definite lavers where they formed almost 50 per cent of the rock. As
a rule they 'are, however, much less frequent in their occurrence and at times
are completely absent, The magnetite oceurs in such exceedingly minute masses
. that it can with dificulty be vecognized. (lauconite is present genomllyh in a
small quantity. It forms irregularly rounded masses of cousiderable size, show-
ing the usual aggregate polarization, and almost invariably in a very fresh con-
dition. In one or two of the most highly oxidized specimens it shows signs of
decomposition. The pyrite is absent from oxidized specimens, in which the iron
content is a limonite distributed along Interstices hetween individuals of carbon-
ate and along the cleavage cracks of the same mincral. The aggregate amount
of iron is probably insignificant, although the rock is often very deeply stained
with iron oxide. In some specimens, notably those from heds ahove the De
Smet cut, and from the Belle Eldridge mine in Spruce Guleh, the microscope
reveals fragments of shells and small jrvegular plates perforated with many
minute holes. The latter are probably some form of Foraminifera and their

e Anhedron is here used to desighute a mineral grain ar individual which, while it is crystalling in its internal
structure, so that it polanzes ight, ete , has been prevented from develuping erystal faces hy the presence of contignous
grains of the same or other minerals. Ti simply fills up the irregular space between the other mineral grains.

r
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- Presence indicates that the rock originally consisted of the remains of ‘organ- -
isms, the greater part of which have been completely obliterated by subsequent
marbleization. ' . ‘

A micro-photograph of this rock is shown in PL X, A, facing page 214.

The second variety of structure observed in the dolomite is that where the
rock consists of an aggregate of automorphic crystals® of dolomite. Incllusion‘s
and staining byn oxide of iron has produced dark bands in these crystals, that
give to them a marked zonal appearance and bring out distinctly the thoroughiy
crystalline character of the rock. These rhombs are sometimes exceedingly small
and of uniform size, but in other instances irregular bands ‘'of larger individuals
.are distributed through the rock. (See PL X, B, p. 214.) In other respeets this
variety shows no essential differences from that first described.

“sand rock” is more common on the lower

The first variety of dolomite or
contact, the second on the upper. The two, however, grade into each other and
are not to be distinguished without the aid of the microscope. |

Alteration.—~"The alteration of the dolomite produces a progressive serics of
changes in the appearance and condition of the rock. The first mineral attucked
is* the pyrite, which becomes r:-1pidiy oxidized. The limestone then hecomes
stained with oxide of iron, so that it changes to a deep Venetian 1'(\3(1, or yellowish
brown. The flashing cleavage ‘faces remain unaltered, and, together with the red
color and peculiar even texture, give the rock a very peculiar and easily recog-
nized appearance. The black shale bands become stained to dull red by iron
oxides, and where very imperv.ious frequently exchange their black color for a
light grﬁy.' The glauconite does not seem to have been much affected by altera-
tion, beiﬁg frequently found in the most decomposed specimens. [t is improbable
that all of the iron oxide that stains this rock arises from the decomposition of
the pyrite; much of it has probably been introduced by oxidizing waters that
have seeped downward from the beds above.

The next step in.the oxidation of the rock after the pyrite has been removea
and the rock stained red is the gradual solution of a portion of the carbonates.
By this means’the rock loses its massive structure and passes into a red or
ycllow. earthy material composed of disintegrated fragments of lime and mag-
nesium carbonate, limonite, il}@lll(lﬁd sand graing, and whatever clay originally
existed in the roek. This ecompletely decomposed material is known to the
miners as *‘gouge,” and is especially well developed on the edges of ore bodies,
even when the ore and wall rock are comparatively unoxidized. One of the
most noticeable features of this gouge-like alteration is the prominence given by
it to the banding of the rock. 'The dolomite bands become darker by reason of
the introduction of iron oxide, but the shale bands, on account of their impervious

a{rystalline mineral grains which have fully developed crystal faces are termed automorphie.

£y
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nature, retain the greater portion of their original material and ave theretore ot
lighter color. Thus with the increasing alteration the banding of the rock has
been rendered more pronounced, and it is often supposed that ved ores come in
shales and blue ores in the limestone. (Gradual transitions, however, between the
gouge and the original Blue, unaltered rock are frequently observable, no single
step in the alteration being absent. At times the red. gouge has preserved the
structure of the rock from which it was derived, so that angular fragments will
present the appearance of a hard, massive limestone, while -in reality a touch
will serve to cause them 'to crumble into a loose mass of soft earth, K

CHEMICAL COMPOSITION. .

4

An analysis was made by Mr, W, ¥, Hillebrand of a specimen of the blue
unaltered dolomite taken from the long crosscut of the Tornado mine known as
the ““Bx” crosscut. The portion analyzed was taken from a layer free from
shale bands, and showed dolomite,. calcite, quartz, pyrite, and glauconite, with a -
few minute specks of magnetite. After” treatment with hydrochloric and sul-
phuric acids, the residue of quartz grains, pyrite, and magnetite was further
examined under the microscope. The quartz prains were rounded and without
doubt of ‘detrital origin. The pyrite was in irregular masses and occasional
crystals, and the magnetite in such an extremely fine state of division that it
merely imparted to the residue a slight grayiélly tinge, and could only be
recognized as such by means of the magnet.

The analysis gave the following results:

Anafysis of uneitered dolomite from Tornedo mine. :
. N Per cent,

SiTe NS e i e e ans 5. 74
ALOge e L e SR e 2,02
L S S Cemenilan 684
- S 6. 47
Fel, L. et et eiemeaoaas TL68
o s 14. 75
Cal. ... U 26. 81
NapO e et camaes s a7
KO e e e SO o eiiie.. .33
FLO—105°C .o e S ST el .34
THRO4105°C L e A UUTUT 6T
PiOf voeeenivaanns s U S N 08
OOy e o e s et 30.11
Total_...... O 99.89 -

It has not been pdssible to caleculate the exact mineral composition on
account of the variable composition of the glauconité, but it will at once appear
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that the proportion of carbonates present is much in excess of all other minerals.
If the lime, magnesia, ferrous oxide, and manganese oxide be caleulated so as to
combine with total carbonic acid present, the aggregate amount of carbonates
represents about’ 87 per cent of the rock. These elements probably do not exist
as separate mineral species, but occur as isomorpflous mixtures, the iron and
manganese replacing a part of the calcium .and magnesium of the normal
dolomite. Some distinctive caleite does, however, occur; but the amount is small.
The formula would probably be about as follows: CaMg(MnFe)(CO)S,. where
small quantities of Mn and Fe occur in the dolomite molecule.

The alumina is too high for glanconite of normal composition, and indicates
that a small amount of kaolin is present. This would consume a portion of the
silica, potash, and combined water. The remainder of the alumina, potash, and
combined water, part of the silica, considerable magnesia, and all of the soda
and phosphorus are probably contained in the glaucomte The balance of the
silica- is present as sand grains. .

The percentage of glauconite and shaly material increases with the increase
in the quantity of shale bands in the rock, and as they a-llways persist unaltered
in the ores, they arc to be regarded as impurities in the normal ore-bearing rock.

! GEOLOGICAL POSITION OF ORE-BEARING BEDS,
-

In the Cambrian group these dolomite beds most frequently carry ore at
two levels, which are locally known as the ““lower™ and ““upper® contacts, although
it is prohable that other beds will be found within the intervening portion of the
series, bui such have not yet been carefully sought.

Lower contact.-—The lower beds lie generaily dirvectly upm) the baa{al quartzite
of the Cambrian and are from 6 to 30 feet thick. The bands of impervious blue
shale which interrupt the continuity of this rock vary greatly in thickness and
cccur at intervals which increase or diminish without regularity. The result is
that if traced for any great distance. the dolomite beds show a lenticular form,
passing from a thick mass into thinner- and thinner bands until 'they finally
disappear in the surrounding shales. Frequently such. lenticular beds are
arranged so that one passes laterally beneath the next succecding one above, but
dwindles to notbing, while the higher or lower bhed continues. It therefore
happens that the lower heds vary in their exact geological position; at some places
they lie directly on the quartzite and at others are some distance above it, the
interv cmng space being oceupled by thin a]tcmdtmg heds of bhale and impure
limestone. The beds of dolomite and their intercalated shale are in some places
overlain- by a series of extremely impervious blue shales, which break with a
triangular cleavage and never show any indication of miineralization. At times
the limestone becomes s0 thin that the blue shales lie but 5 or 6 feet above the
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bdsal quartzite; generally the distance is much ‘greater.” It very rarely happens
‘that shale horizons of this extremely impervious character lie dircetly on the
guartzite.  Although the aggregate thickness of these ore-hearing beds is some-
times as much as 30 feet, their continuity is always interrupted by shale beds,
often of considerable thickness, and it is usually such a bed of shale that forms
the roof of the ore bodies. - _ ‘

The dolomite beds that lie upon the lower quartzite are remarkably uniform
in their distribution. They oceur in (Garden, Ruby Basin, Portland, Squaw
Creek, Lead, Yellow Creek, and recently a drill hole has revealed them' to a
thickness of 12 feet at the base of the Cambrian that underlies the Carboniferous
limestone of the Ragged Top plateau. On the west of Spearfish Canyon, in the

113 »

vicinity of the porphyry masses known as the ““needles,” a tunnel has revealed
the same dolomite series. In the Two Bit district, however, in the Detroit and
Deadwood shaft, this rock is absent, and it probably does not occur in the region
to the east and southeast of Deadwood. Its distribution in a direction westward
from Lead is, however, Verv uniform,

Upper contact.—The position of the upper beds of dolomite is about 12 to
15 fect below the Seolithus sandstone that lies near the top of the Cambrian
series. . .
There are in most of the mines on the upper coitact two beds of this dolo-
mite separated by 8 to 4 fect of shales. In many instances—such as the Mark
Twain and the Burlington mine, near Portland—the ore that occurred in the
lower of thesc two beds was completely removed hefore the parting of shales
had been broken through, and the ore of the upper bed discovered. It is stated
that in the South Dakots mine, at the head of Annie Creek, as many as five or
six separate beds of ore replacing blankets of dolomite, 1 foot in thickness,
occurted. Two blankets of ore alse occurred in the Dividend mine, and in a
portion of the Mark Twain mine the same duplication occurs.  Oeccasionally
shales which lie between beds of dolomite have been slightly silictfied and carry
small quantitics of gold. The large proportion of clayey material which they
contain has, however, prevented their complete mineralization. and it is only in
the purer and more massive bands of limestone that workable ore bodies oceur.

The dolomite beds of the upper contact, as exposed at Portland, have been
discovered in the region of Ruby Basin and in the headwaters of Annie Creek,
but their occurrence at other localitics has not” been determined. Intermediate
beds of dolomite—such as that seen in the Belle Eldridge mine, in Spruce
Gulch—are mentioned by Mr. Tower as occurring in the vieinity of (Galena -and
Strawberry Gulch, but their exact position is not definitely determined, and that
these intermediate beds do not.carry ore when present in mineralized loc(llmes
~ has not been proved.
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The two contacts most LOH]IIIOI]I\ known have been devcloped because lhe\
have been the most easlly accessible.  The ucplon:atmn of the lower LOntﬁ(,t.
especiaily }]dts heen extremely easy on account of the almost invariable occurrence
of that series of dolomite beds' directly over the quartzite, thus permitting the
use of the latter rock as a basis for expl(_yl‘atidn. Indeed, s0 muoch has this
occurrence on or close to the quﬁrtzite been emphasized that it has become the

“sink to quaitzite” before prospecting for ore. - The

dogma among miner@ to,
ore- -bearing beds of the upper contact near Portland and the ore occurring in
them outerop all around Green Mountain: and along the railroad, so that ore
bodies on that contact were edsﬂv accessible.  The existence of ore shoots in
beds Iying between t;hGS(-}_hUIIZ()Il._H_ is not only possible, but proi)able,_an'd futnre

prospecting may reveal them.
ORE BODIES,
FORM AND SIZE.

The ore occurs, ‘as stated above, as flat, move or less banded masses, which
have a ‘channel-like form and are parallel or nearly parallel to the bedding
planes of “the strata in which they are found. Such bodies ate locally known as
““Shoots,” a term which it will be convenient to use throughout this paper for
any single hody of refractory siliceons ore of whatever form or size.

"Viewed in horizontal projection the larger- number of shoots shows a long
lenticular form, slightly broadér at the cénter and beconiing ~narrower at either
end. As shoots are seldom mined to their extremities, these relations can not he
fully appreciated from the map (PL°TX, p. 214). Broad shoots are more irregular
in ‘shape than the smaller bodies, and, as they are in’ reality formed by the junction
of intersecting or parallel shoots'of smaller size, have no absolutely constant form
(Pl XIII, p. 214). They are, however, generally longer than broad. Viewed in
cross aectlon, there is a complete gladatlon fromr a parrow lenticular shape with
longer axis ina Vertical position to a gmat flat bed remar kabiv conformable to the
" bédding planes of the strata and with 1ts width many times greater than its thick-
ness. Between these two extremes shoots possess variable and often very irregular
forms. Some of these are shown in Pl XI (p. 214), which gives a series of cross
sections and illustrates, the gradation between large and small ore shonts.

Only where ore bodies are very wide is there an absolute conformity to the
bedding ‘planes of the _‘.-'stkrata, and then only in the roof of the ore. The lower
boundaries generally cross the strata -at an angle and cxtend downward a
great distance along the fractures; above the ore usually terminates against a
bed of shales that seems to have been a barrier to the farther upward passage
of miheralizing waters. At times when shoots are interrupted by many shale
beds they have the form shown in PL XI, & (p. 214).
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The length of the shoots varies from a few feet to about four-fifths of a
mile. The Tornado-Mogul shoot, which. is probaiily the largest single body of .
I'éfl‘:‘tctory siliceous ore vet mined, had a total length of 4,153 foet. The Bottle-
gon shoot, including that portion that extends into the Alpha-Plutus mine, was
3,200 fect in total length. The large No. 1 shoot of the Union mine, exclusive
of its probable (:ontinuz;tion in the Ruby Bell, had been mined when visited to a
length of 1,750 feet, -and was not. then completely worked out. The Ross Hannibal
shoot was 1,500 feet Jong; the Steward, 1, 160; the Boscobel, 1,050, and the Double
Standard, 900.. On the upper contact the shoots of the Mark Twain and Empire
State’ mines, “hloh practically constitute a single ore body, show a total Ierngth
of 2,000 f_eet Shoots having a length of from 600 to 800 feet are of frequent
occurrence, while those between 600 and 100 feet constitute perhaps one-half of
the total numbe1 of shoots mined. In general shoots hfumg a length less ‘than
100 feet are not very often encountered, abd when found are often too narrow
and poor to pay for mining. This i3 especially true in the mines of~the Bald Moun-
tain area where the ore is not of very high grade. In the Yellow Creek and
Lead areas the ore iz higher in gold content and occurs in much smaller bodies,
so that shoots of very small size are often workable. = . . o

" In width shoots vary from a narrow film of sifica lining the sides of:an
almost imperceptible crevice to great flat bodies 300 feet or more in width, The
widest shoot mined 1s that of the Golden Reward mine on- the south bank of
Nevada Gulch, which. measures 340 feet at ‘the” broadest point: The Tornado at
its widest point is 180 feet. Shoots 100 feet in width are of guite frequent
occurrence, and those from 100 feet down tfo 4 or 5 feet are _mined in _fany
places. Perhaps, however, the most nsual width of ore. shoot t-hrough(:ut the
region is from § to 20 fect, .such occwrring with greater frequency than any of
the other widths cited. The width of a shoot varies a little from point to point, /
and in many ecases s greatest about midway of its course, gradually diminishing—
toward the extremities. -The Tornado-Mogul shoot is 180 FE(?EE)VI(].Q slightly north
of the central point, but it narrows to~l)-fect Tt 1t:, nOIthe] n outerop and pln(,h@t, ‘
out entirely at the” south end. Very wide shoots like the Golden Reward are S
generally formed by the convergence of many smaller ore bodies having slightly
discordant trends; thus the total width is diminished in any particular: direction
by the introduction of wedge-shaped areas of unmineralized rock. :

In general, there is no constant relation between length and breadth. Except
in a few cases where very wide shoots, like the Golden Reward and the inclined
shoot of the Little Bonanza, are nearly as broad as they are long, the length is
many times greater than the breadth. The longest shooﬁs,are sometimes broad,
as in the case of the Tornado-Mogul, Iut there are many cases like the Boscobel,
where a shoot 1,450 feet long never shows a greatef width than 10 fect.

4
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The vertical dimensions are the least variable, because the ore deposition
heing due to the replacement of certain more soluble sedimentary beds is
limited only by the thickness of those beds. Consequently the thickness for
narrow ore bodies is as great as for wide ones, at least in the same locality.®
Where the ore-bearing beds are very thick the ove is likewise thick. TFrom 5
to 10 feet is a conservative estimate for the Bald Mountain area, as also for the
Garden area. In the Portland district the thickness of the ore is not -often
more than 3 feet and often ranges between that and 1 foot. It rarvely happens
that the ore in a shoot of any considerable size is continuous from the 'ﬂoor to.
the roof, for it is almost always interrupted by partings of unmineralized shale.
These are termed **waste” hy the miners and have to be carefully removed by
sorting.  Where such “waste” boeds are thicker than the ove thero are practically
" two ore shoots or blankets one above the other. The thickness of a shoot often

diminishes at the rims, where the ore thins to a feather edge. Other .cases
' occur where the transition from ore to
country rock is such. that the shoot retains
its full thickness to the rim.

FRACTURES,

In all of the stopes from which the ore
has been completely excavated discolored
‘seams 1_1133'*1)@__,_9bservedi These are generally

"Guite copspicuous; both_on_account of their

s

F16. 18.—8ketch of * vertical”” as seen in cross sec- slightly iron-stained appearance and on ac-
v e tion, showing the manber In whieh It projests wonnt of the resistant character of the ma-
from thesurronnding ceuntry rock on account of . K
the resistant character imparted to the adjoining tct‘l&l Of \Vhl(,‘-h they are CO]]IPOSOC{, bh(} ]atter
il material by silicifieation. N .
T , feature having frequently caused them to pro-
\ject from the softer, unmineralized country rock. They wmay be most readily
observed in the beds overlying the ore, as these are of slightly lighter color and
L T ] . . 4 + B p
. of a more shaly=chaieter than those in which the ore itself .occurss but if care-
i B .
Lt T —— I, 1 . .
fully followed to the side or end of=the-stope=ay b traced downward into the
r_/ underlying quartzite, shale or dolomite, whenever mining operations have revealed

the rock below the ore. These seams are known to the miners as verticals”
(Pl XII, p. 214). ,
© In a “vertical” there are two features to be distinguished: 1. The original
fracture. 2. The mineralization along or proceeding from that fracture.
The original fracturc is 'a result of rupture due to strainsg-in the country
rock. It may bave been a simple crack with no perceptible open spaée hetween

aThe exception is where narrow and extremely high ore bodios nre formed aleng very open fractures, as in the
Penobseot mine (see P XI, € p, 214).

» -
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the walls or a crevice an inch or more in width. Secondly, as a vesult of min-
eralization the fracture is often filled by siliceous deposits and sometimes stands
out as a small ridge in softer imaterial, or it may be lined with quartz crystals
and not completely filled. ~Often it is not clearly distinpuishable  in ‘the mass
of the ore. As a result of the replacement of the country rock on cither side
of the crevice a sheet of hard siliceous rvock is formed which may extend for
considerable distances on either side of a fracture. “If extensive it forms an
ore shoot; if slight, a **vertical.” This vertical is often confused with the frac.
ture, but it is mportant not to confound the two. 'The fracture admits the
solutions and the ore body is formed by them. '

The original fractures are either simple or composite.

_ The simple fractures have slight displacenient along surfaces which are some-
times perfect planecs, but more frequently are slightly warped or curved surfaces.
No unevenness or hrecciation occurs along fractures of this type, and verticals which
result from their mineralization are generally extremely narrow and regular,

A composite fracture is caused by the intersection of many small, irregular
fractures running in all planes and at all angles to one another, and constituting a
zone of fracture. This can not be described as a brecciated zone, because fragments
have not been perceptibly moved froni their respective positions, :

Simple fractures when followed to the limits of the ore,’where their traces can
be distinguished in the walls of the sfopes, show-that they are planes of movement.
The faulting that has taken-place-is in_the majority-of cases extremely small, but
is almost always clearly discernible. 1t generally averages from -one-quarter of

one inch to 6 inches. The differential movement that takes place along such_

fractures wmay be both vertical and horizontal. If the movement is vertical it is
usually shown by a very pronounced drag in the extremities of the dislocated
strata; if horizontal it is indicated hy horizontal striations in the underlying
quartzite. ’

The planes. of .movement of these faults are, as is usual in- fan]‘r_planes,-curvm:g
_or slightly warped surfaces.__They.are, further=fiults‘of—hit slight displacement;

/

faults of larger dlbplacement——m one instance of 300 feet—oceur, but show no \\

evidence of mineralization and are probably of later date.

All gradations from the simple to the composite type q,xmt A single and
snnpie fracture rarely continues for any distance as such. In many ore shoots a
single fissure, though showing a very constant direction, may change into a com-
posite fracture and still -farther on split into a large number of fissures not quite

parallel, so that by gradual divergences and convergences they form an interlacing ,

network in the roof of a stope. At times the vertical, which has' resulted from
the mineralization of a series of parallel fractures, occupies the entire roof of the
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stope, the space between the individual fractures having become more or less
silicified. Simple fractures are generally vertical, or nearly so.

. VERTICAL EXTENT OF FRACTURES.

The fractures sometimes extend into the roof overlying the ore, and in all
instarices where it was possible to make observations, could be traced into the unden-
lving beds. In a few cases it was possible Lo trace their continuations into the
Algonkian rocks below. -

In the Mogul mine a drift was run into the slates directly heneath the ore
body itself. Kvidences of silicification can be detected in the ph_yllite.s of the
Algonkian, showing that the mineralization extended into the rocks underlying
the Cambrian, but where the Algonkian rocks are quartzite, or like insoluble
rocks, little or no secondary replacement can be observed.

In the Big Missouri mine the ore-bearing heds lap over into direct contact
with the Algenkian, and verticals can be seen passing into the schists which underlie
the ore.

In the Hawkeve-Pluma mine verticals from 3 to 4 iriches in thickness, con-

' sisting of red-stained silicified phyilites, and showing many drusy cavities, extend
many feet helow the Cambrian into the Algonkian. Siliceous verticals were also
detected in the Dividend mine, neat Portland, passing from the Cambrian rocks
into the Algonkian. It seems, then, very prohable that these fractures extended
into the Algonkian underlying- the Cambrian-quirtzite. It is to be observed
that the Algonkian rocks are not generally composed of solible nor easily

> replaced material, so that only when the fractures pass into soft white micaceous
: rocks do silicified bands become prominent. Moreover, the vertical position of

e the Algonkian lamination makes it ditficalt to distinguish banding due to second-
\ary alteration from that characteristic of the original rock. ;
- . The upward extent of the fractures scems to be conditioned by the rocks

E}ifough_which:they‘puss. That they extend at times almost,-if=not.quite, through
the Cambrian Sefmimdé*féduprol);ﬂ)lﬂ,h}*:bhﬂil‘7()(:(-.ur1'ence in those ore bodies
which are on the upper contact. This is at least 250 feet above the base of the
Cambrian.  Again, the fractures which oceur in the Carhoniferous limestone, hoth
in the lead-silver district of Carbonate and in the vicinity of Ragged Top
Motintain, may be the upward continuations of fractures in the Cambrian below.
It is not known how much farther they extended into the series that has hecn
eroded away. On the other band, there are many instances in which the fractures
,dv not pass through the rocks immediately overlying the lower contact ore bodies,
In the Ruby Bell mine verticals, or fractures, were observed in the ore; that is,
displacements along definite lines or offsets in the banding of the ore, which did
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not extend ‘into the shales overlying the ore. In. those stopes, of course, Wheu,
the ore ‘had been mined out, verticals that did not extend beyond the ore-beari ing
beds could not be seen, as the material in which they occurred had been removed.
Thus the.roof of the greater paft of the Ross-Hannibal mine is of a smooth,
even shale, showing only a few fractures, and these at great distances from one
another, Many of the wider and more extenswe ore bodles oceurring at Por tland
show the same phenomenon.” In some ore bodies of velv considerable size no
fractures of any kind can be observed, and it is difficult at first to account for the
occurrence of the ore body. In ‘such 'inétances hdwever it may. ftequcntlv be
noticed, where ore has been left in the mine, thaut the banding shows sllo’ht
dislocations along vertical planes.

‘It will thus be seen that while the fractures may genclally be shown to extend
down into the Algonkian, their upward continuation is somewhat variable; _they die
" out in less massive beds where movement has been ploductwc of plastic ﬂow rather
than fracture, or where the shattering forces have-been str onger they extend for
greater distances upward, and pr obably flequentlv reach the massive 11m9st0nes‘ of
the Carboriferous.

-

—AMOUNT OF OPENING OF FRACTURES.

~ The amount to which the opposite walls of fractures have been removed from
one another is variable. Openmgs are either original or hnve been seconda.rllv
produced after the mineralization of a fracture.  Primary openings are almost
always extremely narrow, ‘thread-like - crevices, the actual opening between the
opposite walls being generally less than one sixty-fourth of an inch. There are,
‘however, a number of instances in which it is as much as one-eighth' to one-fourth
of one inch and in a few cases even greater. Thus in the Ben Hur mine a fracture
passes from the ore-bearing beds into porphyry and in the latter rock shows an
opening of from 2 to.3 inches. The interspace is filled with large crystals of -
guartz and'a good deal of secondary silieca. In the Goldpn Reward, _mine,.where
fractures pass into porphyry, the space bctween dd]acent walls is as much.ags ong-
four th inch. '

In the Alpha- Plutus minc many of the fractures show conmdemble openings—
sometimes as much as one-half inch in width, -and when a -flagture showing an
opening of this size is composite, or composed of . many fissures occupying the space
of a foot or more in width, the aggregate amount of opening may be very great.
Such instances as these arc, however, rare, and open spaces. have seldom., attained
any conmdemble gize. Innumerable instances.might be cited where the walls are so
closely pressed together that only capillary spaces remain.  As a general rule; those
fractures that are to be seen in large, flat ore hodies are much smaller and tighter
than those in long narrow shoots. " '
4987—No. 26—(4——-9
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DIRECTIMN OF FRACTURES.

Fractures are generally arranged in parallel groups, ‘each group following a
single direction with comparatively little divergence. Such groups may be termed
fracture systems. Two or more such. systems may be distinguished in all? of the
productive areas of siliceous ores, Some systems show great persistence and are
heavily mineralized; these correspond in direction to 'the trend of the greater
number of ore bodies, while others are comparatively insignificant, and do not seem
to have been productive of ore bodies of any size. Fractures of the first variety
have been termed *‘major” fractures; those of the second, ¢*minor” fractures.

;
GROUPING OF FRACTURES,

The mineralized fractures are divided up into separate and distinet groups,
which correspond closely to the different productive areas of siliceous ore. These
groups.ire scparated from one another by intervening areas in which, as far as
known, mineralized fractures do not occur. In any one group there arc present
two or more systems of well-defined fracture which' preserve directions that arve
constant within the limits of -that group, but different from those of the neigh- -
boring group. . . .
~ +'The spacing of the fractures within any one group is generally without
regularity. A single group usually shows all gradations from a spacing so close
that the individual fractures can hardly be distinguished as such, to onc so hroad
that an unmineralized area of from 400 to 500 feet intervenes between a fracture
and its nearest neighhor, _ : :

In some of the groups of - fracture there is a close .I'Glﬂ.tiOHShip between the.
fractures and the structure of the Cambrian rocks. Thus in some mines ore
shoots occur upon the crests of low anticlinal 1‘idges, and the fractures from which
they huve originated are stn‘bngly developed, while in the shallow synelines
between them mineralized fractures do not oceur. . .

Theve are fivé important groups of fractures, two in the Bald Mountain area,
and one each in the Garden, Yellow Creek, and Lead areas.

The fractures in the Bald Mountain area constitute two groups occurring in the
vicinity of Ruby Basin and Portland. '

In the Ruby Basin district there are two systems of major fracture: One has &
direction runging from N. 15° W, to north-south. The prevailing and strongest
fissures .of this system are N. 12‘3“’., and are followed by the long E shoot, the
Big shoots of the Tornado mine, the Bottleson shoot, and many other shoots of
considerable size. The other direction of major fracture is from N. 25¢ K. to N. 30°
E. Fractures belonging to this system may vary 57 on.the one side or other of these
divections. Minor fractures run N. 80° to 50° W. and occasionally N. 65° E.  Other
fractures of minor character occur, but they are confined to extremely broad stopes
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‘where the network of very small fractures is so intricate that there is no predominant
direction. In the Bottleson shoot and in the St. Louis ore body there are other
major fractures which trend N. 5 K. In the group of mines west of the 300-foot
faulil: designated the Boscobel-Welcome group, the fractures follow the same general
directions, but vary possﬂ)ly within wider limits than those of the »&lpha-Plutua Mogul
group just discussed. : .

In the Portland district the prevajling direction of the major fractur es and the

. resultant trend of the ore hodies is between N. 20° E. to N. 45° ., , the most constant
direction being about N. 85° E.  Minor fractures trend north- bouth . 80°-55° K.,
N. 60° E., N. '80°-86°" K., N. 13%° E., N. 30° E., and in rare instances N. 35° \V
Hence the prevailing trend is strongly toward thc northeast.

In the Garden arvea 5 general systems are important. These run N. 30° b, N.
40°45° E., N. 55°-57° E.; N. 60°-65° K., and N, 85° K. The number of fractures .
following the other directions is very much less.and they may, therefore, be regarded
as comparatively ummporta.nt in the part that they have played in the production of

“ore bodies.

In the mines of the Yellow Creek and Lead areas the Cambrian rocks are so
completely weathered that the aceurate determination of fractures apart from ore
bodies was not attempted-. The major fractures here, as ‘elsewhere, follow in
genefal the direction of the longer diameters of the ore shoots, but even these are
somewhat small and disconnected, so that it is difficult to settle upon their prevailing

~ direction. Presumably, howevér, in Yellow Creek their directions are N. 12° W,
N. 60° to 80° E., N. 383° to 40° K., and north to N. 3° L. In the vicinit.{* of Lead, so
far as could be dscertamed fractures follow with considerible constancy the strike
of the lamination of the underlying Algonkian schists—that is, N. 25 to 30° W.
Other systems of fracture probably exist, but were not detected.

INTERSECTION OF FRACTURES.

Interscetions of fractures oecur both .in vertical and in horizontal planes,
Vertical intersections are comparatix:ely rare,- because they can occur only when
fractures exhibit pronounced dips, and such are infrequent. An intersection of this
character occurs in the western work'ings of the Mogul niine, and an ore hody of
considerable size is found at the junction of the fissures.. No displacement was

“-ohserved. Another place where an intersection of two composite fractures in a
vertical plane was observed isin the *‘Double Standard” mine. No displacement
oceurs at this intersection. L )

At intersections in a horizontal plane displacements are ‘sometimes observéd,
but are frequently absent. In the big shoot of the Tornado mine, on the west side
opposite the Tornado shaft, a small fracture trénding N. 40° E. can be seen faulting -
from its direct course a large ore-bearing vertical running directly north and south.
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‘In the Clinton mine, near Portland, two. small parallel’ fractures running
N. 20° E. are intersected by a large ove-bearing vertical striking N. 65° E., and the
two small fractures are displaced for a distance of 8 inches.

In the north end of the ““A” shoot of th’c'Torn_ado mine a strong manifold
fracture, trending N. 15° K., which had_péysistontly formed a large ore body from
600 to 800 fect, is displaced 3 to 4 inches to the west on the north side by.a minor
vertical trending N. 30° W. '

In the Donelson mine, in Yellow Creek, an ecast-west vertical terminates against -

ong running directly north and south, and can not be observed at all on the other
side. A few: other instances may be cited where intersections of fractures are
accompanied by slight displacement, but it is much more usual for intersections to
be without appreciable dislocation. When fractures.intersect at small angles it is in
most cases difficult to observe any interscetions at all, because they curve into one
another, and so many auxiliary crevices are developed ‘connecting those running
in one direction with those running in the other that it would. be difficult to s'a-:y
whether the fractures had intersected one another or simply coalesced. Such inter-
sections become more confusing when the fractures are of 'L.

. manifold and composite character.
. RELATION OF FRACTURES TG ERUPTIVE ROCKS.
Evidence as to the relative age of fmctures and eruptive

rocks is-conflicting. Fractures younger than: eluptlve locks

were observed at the places 111ent10ned helow.

Fi6. 14.—Microdrawing of fis-
sure.in decomposed trachy-
‘toid  phonolite, showing
character of ‘ vertical”

In the south end of the Golden Reward mine an ore-
bearing fracture passes directly from the limestone and éwer-

after passing into.the pho-

- nolite adjeining the ore.
From a large dike on the
west side of the Tornado
ore body.

"siderable ore

lying Cdmbuan where it had been productive of a very mn-
hodh into a sloping floor of phonolite helow.
In this rock it appears as a number of closel v spaced, parallel

fissures one sixty-fourth to one-fourth of an inch in width,
which are filled with sccondury ‘silica and often show narrow, vug-like cavities
at the center and parallel with the walls of the fissure. A similar passage of a
vertical into a sheet of phonolite occurs in the Mark Twain mine, near Portland,
“also in the south end of the Tornado mine (scefig. 14). In the No. 3 shoot of the
Union mine the phonolite which overlies the ore is seamed with intersecting fissures
catrying secondary silica. In the Rétriever mine, on the divide between Nevada
arid Fantail gulches, the ore lies betweeh a cap of rhyolite and a floor of quartzite,
and the-feeding verticals can be t¥aced into the porphyry cap where their iron-
In the Mail and
Express mine, in Sheeptail gulch, intersecting verticals may be traced from the
“ore into the rhyolite roof, but become extremely fine and thread-like in- the latter
rock.

stained appearance ‘has rendered them oxtremely prominent.
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In the Mogul mnine fractures extend from the ore into the henchi;lg dike th;tt
forms the west wull of the ore body. " They do not occur in that rock with very
great frequency, however, and considering the number of fractures that oceur in the
surrounding country rock it is the more remarkable that they are not molei
numerous in these larger porphyry masses. ' .

In the Ben' Hur mine a tracture in porphyry about 2 to 3 inches wide carries
rich ore for a considerable distance and then passes from the porphyry downward
into the dolomite, which here lies immediately above the Algonkian. -

In the following instances fractures older than the cruptive rocks wete -
ohserved. In the Tornado mine in the north end of the V. N. drift a fractire
heuvily mineralized. terminates abruptly against an' cast-west dike, the silicification
covering a slightly increased area ut the point of c‘o,ntact.‘ It ean be observed
again on the opposite side of the dike, hut there is no cvidence of fracture in
the ﬁorphyry. In the Two .Johns mine, in Squaw Creek, a fracture trending
N. 68° K., which had carried ore for more. than 420 feet, is interrupted by two
small phonolite dikes. These dikes are’about 20 feet apurt, and the fractures do
not pass through them but terminate abruptly against them on cither side. The
porphyry at the contact is,slightly silicified. In the western drifts of the Two
Johns mine three ore shoots terminate against a sloping wall ot dark-colored °
rhyolite-porphyry. The fractures do not extend from-the ore into the perphyry.
A further indication of fractures older than ecruptives is the parallel alignment
. of dikes and the northwest system of fractures in the Ruby Basin district,
showing that the fissures through which the eruptives had gained access to the
Cambrian strata were probably “due to the same causes s those ploduung the
other fissures of the same system.

From the data, then, it is to be mfeued that either there are two sets of
fractures, one older and one younger than the eruptive rocks, or that theie_h(w
been several periods-of intrusion. It has heen shown that the eruptives are due to
a single period of ignéous activity during which many types of rock were prod{med,
and that the transection of one rock by another may show one sequence at one
point and the reverse at no great distance. It has also been shown that the .
intrusions followed lines of weaknesses developed by orogéni(: movements—the
same movements that produced the fructures. It is not, therefore, necessary to
assume that fractures older than eruptives at one point were formed at a pei‘iod
widely separated from those which show the reverse relationship at unother,
The fracturing, intrusion, 'and orogenic movement were probably coeval and
occurred during one long period of mountain-making movements, so that the
differences in relative age of the fractures a'nd eruptives were due rather to
irregularities in the sequence of the porphyries than to separate periods of
fracturing.
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ORIGIN OF THE FRACTUHRES.

. Throughout the northern portion of .the Black Hills not only does the Cambrian
lie unconformably on the eroded surface of the upturned Algonkian rocks, but it
rarely retains its eriginal horizontal position. Low undulations or incipient folds of
irregular form are characteristic features of the lower members of the series. When
revealed by the mine workings the lower beds of quartzite are gencrally found to
dip ata slight angle in a direction that is sometimes at right angles to the prevailing
strike of the Algonkian rocks; at others without definite relations to them. Slight
-dips in one direction .soon give place to corresponding dips in another direction, so
that the whole lower surface of the Cambrian is composed of -a succession of depres-
sions and undalations with much attendant fracture and slight faulting. In explana-
tion of this phenomenon Dr. T. A. Jaggar has suggested that during the uplift of
the Black Hills orogenic movements were accompanied by .a differcutial gliding
of the Algonkian rocks upon one another along planes of schistosity. This produced
" an elevation at one point and n simultaneous depression at another, so that the result
has been & general distortion of the horizontal layers of the Cambrian. During such
~differential movement the harder beds of the Algonkian have excrted a powerful
upward thrust on the overlying series, the softer udjacent layers being distorted
against the rocks above. Such distortions have been observed at several points.
The most striking instance may be seen in the long west crosscut from the Mogul mine,
which penetrates the contacts of the two serics. The softer rocks of the Algonkian
are here crushed against the overlying quartzite and distorted, while the more rigid
members of the, same series have not suffered appreciable deformation. It is not
improbable that some of the breccias that occur along many of the intruded dikes
“‘are to be attributed to the same cause. Sucha distortion of the Algonkian surface
could not but have produced strains in the horizontal rocks above, and plobabh it is
in large part to such strain that the tractures, with which are ass,ocnated the siliceons
ores, owe their origin. .
) RELATION OF THE Mm\c'runm; TG THE MINERALIZATION.

The mineralization that has occurred along the flactuleb manifests itself in
two different w ays: First, it has replaced the wall rock whenever that was composed
“of soluble material; second, it has filled such open spaces as existed in the fractures.
The distance to which replacement has extended from the fractures varies with the
character of the heds through which they pass and the intensity of the mineralizing
action. In comparatively impervious rocks, like shales and eruptives, replacement
has extended characteristically to very slight distances, so that the result has heen
the production of narrow verticals.. In the dolomite or ore-bearing beds proper,
if slight, it has likewisc produced narrow shoots or verticals; if of gleatel intensity,
ore bodies of workable size.
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"+ In the latter case the evidence seems to point to a limited distance for
mineralization arising from a single fracture. In most of the ore bodies which
occur in Ruby Basin the mineralization has not extended very far. Ten feet
may be considered a very fair average.. Ore bhodies of greater width than this are
due either to the coalescence ok 4 number of parallel shoots or to the existence of
a large number of intersecting’ fractures. There are instances ‘where mineralization
seems to have extended to much greater distances. Thus in the vieinity of’
Portland extremely wide shoots were seen in which the ore extends to at least
50 fect on either side of a single fracture,. and a few cases were noted where no
fractures at all could be detected in the beds overlying the ore. In these cases,
however, it is probable that Ithe fractures terminated in the ore-bearing rock.
Indeed, such could often be inferred from offsets in the banding of the ore, so
that there seems little probability that mineralization has extended to a greater
distance than 20 fect from the supplying fissure.

It will thus appear that the relation of the fractures to the separate shoots
of ore depends upon the manner in which the fractures :;,1‘0_ grouped. Ore bodies
oceurring along single fractures are long and narrow and rarely attain a width
greater than 20 feet; they are gencrally from 6 to 10 feet wide. Instances of
this kind are the Boscobel shoot, which is 1,050 feet long with an average width
of 10 fect, and the E shoot of the Tornado mine, 835 feet long by 12 feet wide,
There are also many others. Where a number of fractures lie close together,
so that the mineralization from-one fracture has coalesced with that from the next
succeeding fracture, shoots have a width determined by the number of fractures
present. Of the many large shoots formed in this way two distinct types are to
be found. The. first includes those shoots in which the fractures are parallel, or
nearly so; the second, those in which they intersect. Of the former a typical
instance is the northern-end of the Welcome mine, where u shoot nearly 100 feet
wide is formed by a series of almost parallel ov slightly diverging fissures (P1L
XIIL, p. 214). Of the latter—and in general it is by far the most usual type of
large ore body—-there are many instances, of which perhaps the most striking
is the great Tornado-Mogul shoot which is 180 feet wide at the broadest pomt
and over 4,000 feet in length. _

Theve are few shoots of large size-—unless it be those formed along a narvow
single fracture—that conform throughout to any one of these types; for in one
“part of a shoot one grouping of fractures will prevail, and at some d1stance
another. "In general, however, these four relations of fractures and ore are
sharply . defined and may be readily distinguished. '

The filling of open spaces is seen in a few cases, but is then subordinate to
the action of replacement. The material that fills such spaces is generally a finely
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divided aggregate of silica. Where the crevice is narrow the siliea is without
definite arrangement. With an increase in width it is noticeable that fine silica
lines the walls and increasingly large individuals occur toward' the center. giving
to the vertical a very distinct vein-like structure. When the fractures are as
much ag one-eighth of an inch in width the center.is often left vacant and druses
of quartz crystals project inward from the walls. A specimen from the Ben Hur
mine shows a fracture 3 inches in width in porphyry.  Along the walls on either
side is a one-half.inch lining of silica from which large crystals of quartz project
inward, interlocking with those on  the opposite side. These crystals are often
onc-half inch in diameter and 1% inches in length. Similar verticals of varying
width were observed in"the Two Johns mine in Squaw Creek, in Blacktail Gulch,
and at other localities. Calcite, clay, manganese, and iron oxides often fill the
central cavities. In some of the fractures observed in Yellow Creek the material
filling the fissure iv almost, if not entirely, chalcedonic silica, and the cavities
are lined with even, parallel bands of this mineral. In the Dividend mine, near
Portland, and in the Donelson mine, near Yellow Creck, are fractures of con-
siderable width containing fragments of Algonkian slates and schists, which have '
probably resulted from- the differentinl movement occurring along the fissures.
Filled fissures rarely possess silicified walls, for thé free.circulation of mineralizing
waters has not usually been favorable to the action .of mincralization.

Besides the primary filling of open spaces,.a secondary filling is sometimes
found; for when fractures have once been mineralized they have 'not infrequently
been a second time the seat of slight movement, and a reopening of the fissure
has taken place. Into the cavity thus formed tillings of calcite, manganese, and

" iron oxides and clay have often been introduced, so that the appearance of a
banded vein is not infrequent. Such -sécondarily filled seams are especially abun-
" dant in oxidized llocalities, and often much of the filling material has found its
way into cavities in the ore itself,-giving rise to the errcneons belief that-it is
an essential ingredient of the ores.
' THE ORE.
MACROSCOPIC CHARACTER.

With a few unimportant exceptions, the siliceous ores are extremely uniform
in their general appearance and structure. When seen in large masses the ore is
generally 'a more or less banded rock, exceedingly hard and brittle. The banding
is due to the persistence of the stratified structure of the ore-bearing beds in the
. mineralized rock, the-shale béds usually remaining in -nearly unaltered condition,
while the dolomite layers have been compietely replaced. Cavities of irregular
form lined with crystal ‘druses of various minerals are invariably” present and give
to thé' ores a very cavernous. appearance. These may generally be seen in bodies

-

of mineral formed: by the ‘action’ of replacement.



REFRACTORY sn.xchus ORES. 187

The hardness and denmtg of ‘the ore are so great that it can be crushed only
with great diticulty. Its hard'and brittle character causes it to give a harsh, grating
sound when struck by steel; so that, even when it can not be seen, a blow with a
pick or other implement will often serve to distinguish it from the country rock. -

The texture of the ore is dense and compact, and the color when unoxidized

+is generally grayish blue. At times a greenish tlnge‘ iy imparted by disseminated
glauconite in minute grains, Orves from Yellow Creek and- the vicinity of Lead -
are often white, or grayish white, on account of the presence of large quantltles '
of harite. Sulphides sometimes occur in recognizable patcheés in the more coarsely
textured ore, but generally they are present in' too fine a state of d1v1:,10n’to be'
visible in hand specimens.

-~
+ . -

MICRQSCOGPIC CHARACTER.

~

Under the microscope the ores are seen to consist of an aggregate of irregu-
Iarly bounded individuals, chaleedonie silica and quartz, through which is disseminated
'pyrite (see Pl X1V, p. 214), generally without’ erystalline boundaries and in a state
of fine division. The proportion of the chalcedonic silica to the quartz varies, some-
times one and somctimes the other being in the prepondeun(,e in the majority-of
. cases, however, the quartz is present in the largest amount. The size of the pyrite
masses ranges from those which are distinguishable in the hand specimen to such .
an extremcly tinely divided aggregate that the mineral -is scarcely recognizable
even under the microscope. It is this extremely fine pyrite that jimparts to the
ore its peculiar bluish tinge. * Residual masses of glauconite, often of considerable
size, are scattered through this with greater or-less frequency.
The eavities or vugs are generally lined with druses of perfect quartz crystals.
Such druses are generally free from pyrite and are probably the latest added and.
purest portions of the silica. They are often noticeable in the hand specimen. In
. some instances the center of u cavity is filled with silica resembling that of the main
hody of the ore. In ores from certain parts of the Tornado mine original detrital
quartz grains are seen herc and there through the ore, being readily distinguishable
on account of their rounded character and the fractures and eracks that penctrate
them. Fluorite is very frequently present; it is sometimes purple, sometimes green,
and again completely colorless. It is always irregularly bounded, except when pro-.
jecting into cavities, when it is found in'cubes often of great beauty and perfection. .
Ores containing a,ppreci&ble.:xmounts of alumina frequently show light-colored
' masses of transparent material that polarizes: as an aggregate, and this kaolin-like
material is almost always present in'these ores in greater or less amount, and seemis-
to vary dimctlg with the amount of alumina.and residual impurities. In some
specimens the individuals of silica arc of different xize. and, the, smaller’ and larger
are grouped tugether so as to form definite hands with irregular bound'trlea The

-
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finely disseminated pj,éfite is sometimes s‘egregated into irregular bands and patches
showing peculiar swirls and eddies, and often assuming subflorescent forms. (See
Pl X1IV.) Shaly layers in the ore show the usual indeterminable aggregate of
tinely divided minerals. Glauconite generally favors such shaly layers and appears
as green to yellowish-green masses, frequently of consw'lelable size.

ML\ERAI‘; OF THE ORES.

In the order of their relative nhurfdame the minerals of the ores are about
as follows: Quartz, calcedonic silica. pyrite, arsenopyrite, barite, fluorite. gypsum,
'stlbmtc uranium mica (variety undetermined).’

. sz;tz‘~ (8«0) —This is the most widely distributed and Ainvariahle ingredi-
ent of the orves. It oceurs, as ahove described, as an aggregate of finely divided
individuals, generally of microscopic size. Clear glassy crystals form druses
lining the interior of cavities, and are often very perfectly developed. When the
ores are extremely tine grained the silica sometimes shows a marked iridescence.
Instances of this kind can he seen in the ore in the Ross-Hannibal mine, in’
Whitetail Gulch. In its origin the silica is both detrital and the product of min-
eralization, the latter variety gencrally being in far greater proportion. The
detrital quartz plays but a small part in these ores, -md when in large proportion
materially lowers the grade of the ore. Quartz crystals of large size seldom
occur, those observed in the Ben Hur mine being the single exception. -

Chalcedonic silica (8{O,+nll ().~ Silica of this character oceurs in .the
same general relations as the quartz, although its proportion is wsually much
smaller. 1t can not be “distinguished by the eye except when it lines cavities.

. Pyrite (FeS,) Pyrite occurs in- very considerable quantities in all unoxidized
ores. It can often be observed in the hund speciinen, hut is wost frequently
present in an exceedingly fine state of division. In many of the ores it is so
finely divided that it can not he observed without the microscope, and it then
imparts a peculiar dark-blue color to the ore. The segregation of pyrite into
restricted wreas of the ore sometimes occurs. An important instance of this kind
is reported from the Ross-Hannibal mine, in Whitetail Gulch, where a bed of
b}*l‘ite is said to bave underlain the ore.

Arsenopyrite (FedsS)—Arsenopyrite can never he observed in the hand
_specimen, and often it is not present at all. In those cases where it occurs the
percentage varies within wide limits, but is always “less than that of the pyrite.
If the rock be ground up and the sulphides isolated the white color of the’
arsenopyrite may often be recognized. For purposes of treatment arsenic must
be determined by analysis. The analysis given on page 142 shows 4.10 per cent
of this mineral. . o

Barite (BaS0,), heavy spur.—Barite-is in the greatest development in the

.
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Lead and Yellow Creek areas. It ocenrs in flat, hlade-like crystals which have
sometimes a clear glassy appearance  with vitreous luster or a white- opaque
aspect. In the ores from the Lead area it is always of the latter variety and in
flat erystals which form an interlocking aggregate and frequently exhibit a
rough radial arrangement. At times its relative abundance is so great that it
forms more than 50 per cent of the ore, and the crystals are generally about
one-sixteenth to one-eighth of an inch in thickness and one-fourth to one-half
inch in width. Extremely large crystals one-half inch wide and 2 inches in
length were taken from the Hidden Fbrtune mine near Lead. DBarite sometinies
occurs in massive aguregates which may be readily recognized hy their wreat
weight and. the peculiar pearly appearance of their cleavage faces. Crystals’
from the vicinity of Yellow Creek are genérally glassy and line the iiteriors of
cavities. This mineral is rare in the Bald Mountain and (Farden areas. hut was
found in the Boscohel shoot between Fantail and Nevada gulehes. It occurs in
large, flat mystqh 2 inches in width and three-eighths of an inch thick. Tt was
the earliest formed mgredlent of the ore, as the rest of the rock masses closely
_filled the interstices between ‘the interlocking plates. In the ore from the.
Penobscot mine, in the neighborhood of Garden, small quantities of this mineral
were observed.  Barite shows no definite relation to the occurrences of the g;)ld
hut it iy one of the most widely distributed minerals in those areas that have
produced the richest ores, and is an indication of very strong mineralization.

Fluorite (Ca ¥ 7,).—Fluorite is an invariable ingredient of the siliceous ores,
although often in very small quantity. It frequently occurs in cubes lining the
cavities in the ore. Ore from the Ross-Hannibul mine showed clusters of
white, transparent cubes one-sixteenth of an inch in diameter. In some instances
it is a hullmnt-(rleen color, but most frequently occurs in cubes of a bright
purpie. These arve especially well developed in the Bald Mountain area. Besides
the “distinct crystals, fluorite is disseminated through the hody of the ores in
fine microscopic masses which never possess crystalline boundaries. Where the
ore is in contact with other rocks, such as porphyry or shale,” fluorite often
extends beu\;on.d the ore and lines the cavities and crevices in the adjacent rock.

Gypsum (Co 8 0).—Gypsum, though not a common ingredient of the siliceous
ores, occasionally occurs. Ores from the Double Standard shoot, between IFFantail
and Nevada gulches, showed irregular masses of gypsum, some ‘of which are as
much as.an inch in diameter.” F. C. Smith“ also mentions gypsum as an ingredient
of thesc ores. '

Stilnite (8b,8,).—Analyses frequently-show the presence of antimony, but it
is only in exceptional instances that is in sufficient quantity to be seen. Siliceous
ores from Yellow Creek and closely associated with tungsten deposits show large

nTrans. Am. [ust. Min. Eng., vol, 27, 1897, p. 415,

.
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masses of this mineral composed of slender radiating needles often 2 inches in
length. They are embedded in the silicified limestone and seem to be the earliest
" formed of the minerals present. ' B _ _

Urandwm mica.—Large quantities of a greenish uranium mica arc reported
to have occurred in association with the ores of the Ross-Hannibal mine in
Whitetail Guich. . Uranocircite occurs in several localities in the productive mining
region, and it is possible that this occurrence is similar. ‘ '

ALTERATION OF THE ORES. _" S ‘

The general appearance of the siliceous ores is so much changed by oxidation
that the commonly accepted classification in mining cireles is a’division into blue
or unoxidized ores and red ov oxidized ores, The blue ores are those just described.
and grade by gradual transitions into the more oxidized varieties. All stages in the
process of oxidation are well represented. The red ores are so called on account
“of the heavy staining with iron oxides that has resulted from the alteration of the
pyrite and the infilbration of iron from other soiwrces.. They are often of an -
extremely ferruginous aspect, but when broken the more solid portions are found
to contain but small quantities of iron oxide. Often the oxidation has begun
along the line. of demarcation-between the dolomite and the ore, so that a very
narrow lme of iron-stained rock intervenes between the two. Examples of this
were observed in the Ross-Hannibal mine in Whitetail Gulch.  In a few cases
oxidized zones were observed adjacent to crevices in.bodies of blue ore. . The
changes which oxidation produces in the mineralogy are quite noticeable. Pyritc' '
is the first mineral to be attacked, and rapidly passes through a series of alter-
ations that eventually produce oxides. In most cases where the change is complete
much, if not all, the sulphur has disappeared, or, if present, is changed to sulphates.
In maﬁy of the ores are cavities lined with small druses of jarosite., which has
formed by the oxidation of the pyrite in the presence of the potash contained in
the residual shales.  Calcite is an extremely common mineral-in the oxidized ores,
frequently oceurring in such large quantities that reduced rates for their treatment
can be obtained from smelting companies. It almost always fills secor_idary crevices
or cavities which have been previously vacant, and its practical absence from the
sulphide ores -is strong evidence that it has been one of the ‘minerals introduced
by oxidizing waters. Black oxide of manganese mixed with limonite has frequently
been similarly introduced and occurs in cavities and fissures. Its derivation, like
that of the ealcite, is probably due to the oxidation of the -dolomite, in which the
ore bodies occur. Hematite sometimes occurs in distinet seales and erystals, but
is not often a noticeable mineral. Veryadvanced stages of decomposition produce
in the ores a concentric and subconchoidal parting that causes the ore to break
into kidney-shaped masses. Such structures are seen in thé. Big Missouri mine
nesr Lead, the Steward mine in Nevada Grulch, and many others.
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CHEMISTRY OF TIE ORES.
" The followmg table includes four analyses of r efractory v siliceous ore:
* Analyses of refractory s:hceous 0P8

Sulph]i[ﬁc ore, OxldJIzIed ore. | Oxudized ore a Sulphid:z' ore.z

’ Fer rent Pey cont. Per cent. . Per cent.
T Y. 75, 23 65,142 84.45 | 7 68.748
(o B T2 PO F U ISR
7 T . 3.61 3,024 4,07 3.072
Fey0 e }* 1 20. 364 728 |
Fel) e e e iaaan [P AL T ) PO
Fe . .oveeno o, waeenS e e e aiaaaan [0 T D P 13. 289
M) . e iattreaccana]eeeemanaana Y IO
Y £ O Trace 7T 7
L T U L7 8. 711 25 T P
2T O T Trace. |oceoommumeea)omm oo
Bal e B 5 P DA (U S
B T o I S S .05 Trace. |occeweooeano|oocoaaoaoo.
N 2.38 Trace. |- oo llooiiaaaaii.
L5 Trace, foeceea.... R
H,O—105% oo oo oo e 47 B U R
L0105 ol .87 ) 7 T O I
L T .21 832 ... JB42
2 .61 078 8.7 |eeen .
CaS0,....... N S K SO .833
B e e vt h. 85 YL R, 11.728
S L 72 P F ]
CaFly %o T84
L] S .. ). Tl R TN PR AR
Aso. S R 1.89 ) T O
3 U . b, 02 Trace. |oooon i ooaea e,
L U P bLo2 Trace. |eeeeoooooea]oooo
' ' 99.72 |
Less O for Fl ... b5 I DU H
Total ._._......... e 09,43 9. 957 100, 61 99, 206

L O per ton. tiz per lon. €. per ton,

0. 42 0. 574 0.325
.62 2,875 10, 55
____________ 8,426 T 408

aTaken from paper “Pot‘«iﬂm gold ores of the Black Hills of Sonth Dakota,” by ¥. €. Smith: Trans Am In!:t Min.

Eng., vol. 27, p. 415, ) \
bApproximate,

.

cEnough present to form tullunde with the gnid if not with-the silver.
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Analysis T is of sulphide ore from the No. 4 shoot, Double Standard mine.
This specimen was completely unoxidized, showed considerable pyrite, visible in
the hand specimen, some arsenopyrite, kalolin, and other residual shaly material
of indeterminable character. Analysis was made by W. F. Hillebrand. It was
not possihle to calculate the percentage of all the minerals present on account of
“the uncertain composition of the shaly material, but the following ininerals could
be easily estimated: ;

Mineral composition of sulphide ere from No. 4 shoot, Double Standard mine.

Pyrite.....o.ooC.. RN e e ettt 9. 47
Arsenopyrite .. _..... e ke e e e e e e e e e e e eaeann 4. 10
Stibnite ... . e e o3
Floorite ... ... .. ...... R 1.36
L =13 1.31
Bari e . e e 08
Apatite” el 49
30 13
Riliva, together with detritat clay, ete. oo oo 82, 46

B < T09. 43

The_pot:ish, alumina, and traces of lithia, magnesia, and strontia are probably

contained in the shale. Phosphorus has heen estimated as apatite, on account of
slight excess of lime over that necessary to combine with the residue of SO,

Apatite could not he distinguished as such, ‘but as phosphorus is present in the
unmineralized country rock and ore in approximately equal amount,” and so often
occurs in shales, its presence may be justly assumed. The titanium may like-
wise he present in the shaly material, possibly as rutile. The percentage of potash
in this analysis is rather unusually high, and, taken in.connection with the
aluminum, might he regarded as indicative of orthoclase. Assuming the pl‘esen;:e
of orthoclase and-about 24 per cent of kaolinite, there would he ahout ("O per
cent of free silica, . .

Copper never occurs in any considerable guantities and in much of the ore
can not he detected at all,  Arsenic is present as arsenopyrite and antimony as
stibnite. Gold and silver can not be identified hy -the microscope, hut tellurium
is p1e~eut in \Ufﬁ(_‘lent-—qlld,lltlt\' to combine with them to form tellurides. This
is also shown by Professor bmlth Who has caleulated the percentage of tellurium,
gold, and silver and shown them to he present in the proportions requisite-for
the composition of sylvanite. There scems to be little reason to doubt that gold
and silver are present in this combination. One of the most important featnres
of this analysis is the complete absence of carbon dioxide and the correspondingly

aCompare analysis of dolomite ou p. I21.

- . - .
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low percentage of. lime, manganese,cand ferrous iron, showing that the soluble
constituents or carbonates. have been almost, if.not. completely, removed during
the process of silicification. '

Analysis I, of oxidized ore fmln Biaukta.ll Pulph was furnished hy the
courtesy of Mr. Dorr, of the Golden.(Gate Mining Compuny,.and is published by
permission of the company. This analysis is, chiefly interesting as illustrating
the chemical changes bronght about by ulteration. The great jncrease in iron
oxide, lime, and magnesia, with the corresponding fall in silica and sulpbur, ave
the most conspicuous features. The inerease in iron oxide, lime,-and magnesia
are pr(;bahly due in large part to the infiltration of these ingredients from with-
out by the action of surface waters, the ivon in the form of oxides and the lime
and magnesia in the form of carbonates. © The moisture is also much higher. The
other ingredients have probably not suffered appreciable change. )

Analyses 1T and IV are of oxidized and wnoxidized ores, respectively, and
show in general the same series of changes, but in, this case the blue ore, IV, is
much more basic ore than IIL, so that the increase in iron would at first seem to
be reversed. In general an examination”of about 35 unalyses.furnished by the
Deadwood and Dreluware Smelting Company showed a range in silica from 60 to
36 per cent and of iion from 5 to 17 per cent, or an a;\'gerage of 73.36 per cent
silieca and 12.17 per cent.iron. - : . ¢

It is difficult to offer any %ttlstactf)l} explanation of’ the failure of the gold
in these orex to yield to ordinary methods of extraction. In the case of the hlue
or unoxidized ores its probable combination vith tellurium mauy he considered a
sufficicnt reason, but for the red or oxidized variety, or the hlue when subjected
to a thorongh roasting, by which it is to be supposed that the gold is cither
wholly or at least in part released.from combination, this will not answer. That
the gold is, us originally supposed by Devercux, in an extremely fine state of
division and is uniformly distributed through a rock not readily permeable by
solutions and yielding with difficulty .to crushing may be offered as a partial
explanation of the refractory nature of the ore. It must, however, be admitted
that with all of the endegvors to-solve this problemn the exuct condition in which

the gold exists in these ores is not well understood.

T T T e

—— . T e m - -

TARLATIONS FROM THE b":h.lL T}'P]L-OF UPES
Four varicties of ore are found mmmately associated with these ~1l1ceou~s
ores, but can not be considered characteristic.”
Auriferons eluy.—In the Mogul and Tornado -mines there oceur, interbedded
with the hard siliccous ore, bands of a soft white clay which frequentiy carry

~

higher values in gold than the main body of ore. Seams of this kind are reported
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to have contained at times from $40 to $60 per ton in gold and to have yielded
free gold on panning. - '

It is not possible from an examination of the material to form any very
definite idea of its origin, hut the clayey matter is probably the result of the

decomposition of intercalated shale or of small included layers of porphyry. For

the introduction of the gold the writer can suggest no satisfactory explanation
_unless it be the result of the secondary action of surface waters on the ore mate-
" ial above. ’

Aurefwom sand.—Below the ore and Iying in the qthut?lte in the Wasp
No. 2 mine in Yellow Creek, or directly upon the Algonkian in the Dividend
mine near Portland, was found much loose incoberent sand containing considerable
values in gold. In hoth cases it was partially cemented by limonite or carhonates
and often vielded very. high values. When washed - and ‘examined “under the
microscope the grains of sand from Yeilow Creek were found to be loose and
often perfect crystals of quartz and only held together hy the Iuernenting material.

Auriferous gouge—In the Dividend mine, near Portland, much of the decom-
posed dolomite is heavily charged with oxides of -iron, together with some sandy
fluorite and mdnganesc It carrics. workable quantities of gold. The- values
are, however, always lower than thosc of the silicitied rocl occurring 'in their
immediate vicinity. It is not improbable that this gouge material is the resuls
of both primary and G;econdmv mineralization. The presence of Huorite, which
is a mineral that often extends be),ond the limits of silicitication into crevices
in the adjoining rocks, suggests that the values were partially introduced into
the dolomite at the time of first mineralization; the presence of manganese, that
a secondary concentration of such values by surface waters has taken place.

. Quartzite ore.—The quartzite that underlies much of the siliccous ore of the
lower ore-bearing beds contains a high percentage of carbonates, and it is not
infrequently mineralized so as to form pay ore. 1t is never as high in grade as
the ore that lies above it, because there is more insoluble material in the original
rock than in the purer dolomite beds uhove.

AREAL DISTRIBUTION OF THE REFRACTORY SILI'CEO US ORES,

The productive areas of refractory: siliceous ores are five in number (gee

~ P V). and have ‘heen sevémlly\ designated- the Bald Mountain area, Lead area,

Yellow Creék area, (Garden area, and Squaw Creck area. The last-named area was

" at the time of examination little 'morc than a prospect, but has since become an

important producer. -
-BALD MOUNTAIN .UH‘IA.

This is by far the largest and most-important area, and has justly been con-
sidered the type district for this class of ores. Its name has been derived from
Bald Mountain, which lies at the center of the northern edge of the area.

4
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As will be seen from Pl V, it it a northwest-southeast striking belt of about
1 mile in width and 4% miles in length.. As it corresponds closély to the inner
rim of exposed Cambrian strata, it lies between the contact of that rim with the
underlying Algonkian on the northcast and the nearly parallel line of contact of
the Cambrian with the .overlying Ordovician en the southwest. Aecross this belt
the Cambrian beds have a general downward inclination from northeast to south-
west.  They have been croded from the higher portions of the Algonkian area
to the northeast (with the exception of a few isolated outliers), and pass on the
5out.h beneath the heavy, overlying rocks of the Ordovician and Carboniferous
formutions. _ " o F

This belt of Cambrian rocks extends on to the southeast beyond the present
limits of the productive area, but is cut off from the Yellow Creck area by the deep
gorge which the waters of Whitewood Creek have cut far down into the Algonkian.
© Toward the northwest the Ordovician and Carboniferous approach much nearer to
the edge of the Algonkian area and the rim of the Cambrian turns toward the north.
In its northern end, in the vicinity of Crown Hill and Portland, the Cambrian is
exposed in nearly its full thickness, so that as yet it is only the upper ore-bearing
beds that have been thoroughly developed. As will appear from Pl IX, great num-
bers of intrusive sills, dikes, and irregular bodies of igneous rock are interbedded
with the Cambrian rocks of this belt. : .

The topography of this area is very rough and 11regu]ar the %teepness and
irregularity of the gorges having been much- accentuated by the presence of erup-
tive bodies, which have offered great resistance to erosion, while the softer 1nclosmg
Cambrian rocks hdave been more readily removed. *

From a northwest-southeast line through Terry Peak the drainage is to the
" southwest into Spearfish Creek, to the northeast into Whitewood Creek and to the
riorthwest into Squaw Creek.

The headwaters of the southwest drainage-apﬁear just at the edge of the area,
and have cut down through the Carboniferous rocks into the Cambrian, leaving
heavy cappings of the former on the divides between the streams. The northeast-
ward drainage comprises a series of gulches which empty into Whitewood Creck.
These streams head up into the Cambrian belt and cut down into the underlying
Algonkian, so that the lower ore-bearing beds, which are about 10 to 25 feet
above the Algonkian, outcrop in a very sinuous line, and allow long, narrow
embayments of Algonkian schists to extend far up into the mining district. The
southeastern portion of the district has been more deeply dissccted, so that the
‘orc-bearing beds have here been rendered casy of access on the divides between
these gulches, especially on Nevada, Stewart, andiWhitetail creeks. In the north-

eastern portion, erosion has not progressed so far, and the lower ore-bearing beds
4987—No. 26—04——10
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are still in large-paf-t deeply buried, the so-called upper contact having been
most extensively developed.

With relation to the ore bodies, therefole, the area may be divided into two
portions—the Ruby Basin district and the Portland district. In the first-named,
or southeastern district, the mines are largely upon: the -lower ore-bearing beds; in
the second, or northwestern, largely upon the upper. The mines of the Ruby
Basin district are operated mainly by one c‘ompany—the Golden Reward. Two
mines belong to the Portland Company, namely, the Big Bonanza and Buxton,
Whlle a few small mines are, opel ated by individual owners. These relations may
be L[ea.llv made out flom Pl IX. ’

"RUBY BASIN DISTRICRL.

_ In the Ruby Basin distr 1ct there arc a l(uge number of long channel-like ore
bodies or ‘shoots resting on or near the basal Cambrian quartzite and trending as -
a whole in a roughly north-south direction. These ore bodies fall into two dis-
finct gr(;ups, within which ore shoots are situated reli;tively close to one another.
These are the Buxton-Union group and the Alpha-Plutus-Mogul group. _

. Buaton- Union group.lelis is the more easterly of the two, and comprises

15 mines. Naming them from the east to the west, beginning on the north, these
are: The Buxton, Retriever, Steward, Tony and Me\xggie, Golden Reward, Big
Bonanza, Little Bonanza, Glla_dstone, South . Golden Reward, Fanny, Isadorah,
Sundance, Billy, Rub3 Bell, Lucille, Union, and Ross-Hannibal (or \ﬁkado)
(Sec map, PL. 10.9) The ore shoots operated in these mines number 39 in all, of
which 21 are large and extensive and the remaining 18 comparatively insignificant.
The . general trend of these.shoots is about north-northwest, with a few large
intersecting a.hoots trending N. 25° h, or nearly so.

The ore-bearing beds upon whl(h the mines of this group are :,ltuated are
not continuous in a north-south direction, but are cut through by Fantail and
btewart gulchea, so that the .ends of the'ore hodies outcrop on either side of the
dlwde sepalatmg these stleams rendering. them easily accessible.. The ore-
-bearing beds, howevel are at a much lower elevation at the southern end of the
group, so, that: the ShOOtb in the Union mine have been worked by means of a
shaft. ’

. At the southem end ot the gloup a large sill, of phonohte has been 1nttuded
in_ the Cambu.m, and extends westward as. far as-the Fanny mine. 1t may be
&een makmg abrupt cliffs in Stewart and W hitetail creeks.  South of Whitetail
Gulch this sill has cut the ore-bearing beds into two portions, so that the shoots
of the Union mine lie below and that-of the Ross-Hannibal above, the phonolite
. forming in the' one case the roof and in the other thé floor of the ore. The
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workings of the Isadorah and South” Golden Reward are also above the phonolite,
but they rest upon the quartzite so that (as may be seen in the Billy tunnel) it -
is evident that the phonolite has eut downward toward the west and included all
of the ore-bearing. beds above itself. This sill is extrémely irregular, and pre-
sumably terminates at the northern end of the South Golden Reward; where it
extends upwird in ‘a dike-like muss separating the ore bodies of the north and
south end of the Golden Reward. It extends northwest, however, hencath the
southern end of the Big Bonanza, and sends out i dike toward the north Which'
sepurates’ the Big and Little Bonanza mines,” the former heing about 50 tet
above the latter. The ore bodies of the North Giolden Keward and [‘cm} and
Maggic outerop in the south side of Fantail Gulech, and are on the lower. Cam-
brian quartzite, which is separated from the Algonkian by a heavy «ill of
eruptivé rock. The Big Bonanza-is at about the same elevation, and is separated
by the same sill from the Algonkian. Owing to the abrupt termination of the
thick phonolite sill previously mentioned, the ove bod§ of the Fanny mine is
much lower in elevation than that 'of the minéé’dhectl‘y east, and it is at about
" the same elevation™ dS the shoots of the Alpha-Plutus-Mogul group to the “west.
The shoots of the thtle Bonanza outcrop just west of the Big Bonanza, and are
much complicated hy irregular porphyry bodies. As their relations are more..
fully discussed on page 187, they will not be firther mentioned at this point.

Alpha- Phutus- Mogul group.-—This group is separated from the more  east-
erly, or Buxton-Union group, by a wedge-shaped area of comparativély barren
country situated with its broader end toward the south, so that the twd groups
approach each other on-.the north, but diverge 'in ‘a southerly direction.. This
group comprises 14 mines. From east to west beginning at the north, they are
as follows: Clinton, Alpha-Plufus, Smmly and Lundt, Bottleson, omado Little
Tornado, Double Standard, Boscobel, Daisy, Harmdny,"I—Iardsc'mbble, Welcome,
Upper- Welcome, and Great Mogul. There ave 71 shoots ih all, of which about -
95 are of large size, the remainder being small, though yielding collectively a
large amount of ore. One,- the Tornado-Mogul shoot, is larger than any vet dis-
covered. With two exceptions all of the ore bodies of this group lie in the
lower ore-bearing beds close to the Algonkian, or not more than 30 feet aboye it.
Two small ore bodies, the Daisy and Upper Welcome, the first situated on the
divide between Fantail and Stewart gulches, and the second on: the north side of
Kevada Gulch, are on an upper contact, whu,h plobdbly (,ouosponds to that of
the upper ore bodies of the Portland district. :

As will "be seen from Pl IX (p. 214), the shoots of this group trend northwest-
southéast and aré comparatively close to ‘one another, velatively few of them
being disconnected. The ‘group is broken info two, portions by a heavy fault
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by which the ore-bearing beds on the west side are clevated about 300 'feet and
offset against the higher measures of the Cambrian. On the lower, or éast side,
of the fault the sume beds are offset against the Algonkian. This fault appears
as a single and clearly cut displacement in the west Worl'{.ings of the Troy.:shaft
where it has been well exposed in the several crosscuts that connect the Horse-
shoe shaft with the stopes of the Great Mogul. From this point it passes
northeast, but becomes in part divided into many small step faults between the
workings of the Hardscrabble and Tornado mines; thence it rung north across
Nevada Gruleh separating the workings of the Alpha-Plutus from the small tun-
nels of the Smily and Lundt mine.. This fault is not clearly defined on the sur-
face, because there are so many complicating masses of intruded rock that
distort and confuse the relations of the strata. It appears, however, in Nevada
Gulch at the point where the Fremont, Elkhorn, and Missouri Valley Railroad
makes & horseshoe bend, the Algonkian extending far up the gulch but coming
against the upper Cambrian at this point. Just south of Nevada Gulch this fanlt
" is immediately on the west side of a large dike of eruptive rock, but diverges
from it in a southerly direction so that in the Troy workings the two are sep-
arated by an intervening area of about 800 feet. That this fault diverges thus
from the porphyry suggests that it is widely separated in age from the intru-
sion, a fact that is well borne out by other evidence. A second fault also appears-
just west of the Mogul shoot, at the extreme south end of the group, and on
the west side of the large porphry dike thal extends north as far as Nevada
Gulch, forming the western houndary of the great Tornado-Mogul shoot. The
downthrow of this fault is to the west; the reverse of -that just described. Tt
lowers the ore-bearing beds fully 100 feet at the extreme south end, but, gradu-
ally dies out northward until, at a point_about the center of Fantail Gulch, ik
‘has completely disappeared. A third fault occurs at the north end of the group
about 300 feet east of the 300-foot fault and with the central point of its course
just below the bed of Nevada Gulch, the downthrow being ahout 72 feet on the
east: It has a general north and south direction, but curves to the west as it is
followed south, cutting the Tornado shoot into two portions and uniting with the
300-foot fault. Upon the fault block thus formed are the north end of the
Tornado, otherwise known ag the St. Lounis shoot, and the most 'westerly‘ore
bodies of the Alpha-Plutus. As may be seen by consulting Pl. IX, only three
of the shoots of the part of this group below the 300-foot fault show in outcrop,.
the gulches not.having been. cut deep enough to dissect the ore-bearing beds.
Of these three the :Clinton outerops in Nevada Gulch, but as it is about
midway between this group and that first described it can not be rightly said to
belong to cither of the two. The other two, the St. Louis und Upper Alpha-
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Plutus, are on the small elevated fault block and outerop in Nevada Gulch. The
remainder are all deeply buried and have, therefore, been” worked by means of
shafts. The relations of these faults to one another may be understood b_}_.
consulting Pls. XIX and XX {p. 214).

West of the 300-foot fuult the ore shoots outcrop all along the south stde of
Nevada Gulch. Two mines, the Little Tornade and Harmony, ounterop also, one
on either side of Fantail Gulch. To the southwest, however, the ore-bearing
beds are not exposed and mining is carried on by means of shafts.

PORTLAND DISTRICT.

With one exception—the Dividend mine—the ove shoots of the Portland
district are on the so-called ‘*‘upper contact.” They arc separated from the
lower ore-bearing beds by a vertical interval of 527 feef, and are about 15 to 25
feet below the Scolithus or *worm-caten” quartzite. \ They comprise o serics of
shoots all closely grouped together and striking with almost no exceptions ahout
east-northeast, thus showing a marked difference in trend to those of the Ruby
Basin ‘district. The following mines have been operated: Dividend, Decorah,
Trojan, Empire State, Folger, Perseverance, Alameda, Leopard and Jessic Lee,
Mark Twain, Burlington and Golden Sands, Clinton, Portland, and Gunnison.
There are about 46 productive shoots in this group, but they are so often connected
- with one another that it is difficult to say where one ends and the other begins.
The ore-bearing beds dip slightly to the southwest, so that they outcrop around
Green Mountain and westward just above the two railroad lines at the head of
Squaw Creek, and also at the head of Nevada Gulch. To the scuthwest they
. are more,.deeply buried, These shoots are as a rule rather broad and flat as
compared with those of the Ruby Basin district. Littlo or no faulting occurs,
so that the,geological relations of the group may be readily appreciated from PL
IX (p. 214).  The lower ore-bearing beds outcrop 527 feet below, at the base of
Green Mountain, around the head of Deadwood Gulch. The workings of the Divi-
dend mine are situated here, but have unot yet been extended sufficiently fat to the
southwest to fully explore this contact dirvectly below the upper workings, and
it is thercforc not possible to say whether the prescnce of these ore bodies on
“the upper beds may be considered as evidence that a correspondingly productive
group of ore bodies will be found below. The ore from this group is 'in
much thinner shoots than that cccurring in the Ruby Basin district, and the ores,
taken as a whole, vield rather lower wvalues than the general run of lower
contact ores. This difference in value is especially noticeable when the compar-
ison is made between them and the orcs from the Dividend, which helongs to
the same group. Ores from this minc yield between one-third and twice as

high values as fthose from the upper g‘roup.



150 ECONOMIC RESOURCES.OF NORTHERN BLACK HILLS.

.Heavy sills .of eruptive rock lie ab varying. distances below-the heds upon

which the mines of this group are operated, and the summits of Green Mountain
" and the hills to the south .are capped by a mass of the same character. Dikes
are noticecably absent from the workings, only one having been encountered. "In
the workings of the Dividend, however, the dikes are extremely abundant, a
fact which shows that there is a strong tendency for intrusives to assume hori-
zontal positions as they ascend to higher. horizons in the Cambrian. As compared
with the Ruby Basin district the absence of dikes in this area is significant, as it
shows that the oceurrence of these ores is in no way dependent on their presence,

ISOLATEI: MINES,

Besides these large groupﬁ of ore bodies there arc several isolated mines that
may properly he classed as in the Bald Mountain area. Two of these are in
Nevada Guleh, about midway between the Ruby Basin and Portland distriuts.‘_
These are the Baltimore and Ben Hur. The former has a series of small shoots
lying on the lower contact, which ig at this point some distance vertically below
the bed of Nevada Gulch. The workings are largely to the south of the gulch,
.The Ben Hur is some distance farther down the gulch, just at the head of the
Algonkiaun exposurce (see Pl IX, p. 214). A small north-south fault has lowered
the strata .on the west so that the single shoot of this mine is worked by means
of a tunnel through the. schist. :

The area between the Alpha-Plutus-Mogul group and the Portland group
is about 3,000 feet in width and has heen quite extensively prospected, notably
by the Snowstorm mine, hut as no other than these two ore hodies have been
found it seems not improbhable that it may constitute a comparatively harren area
like that between the Buxton-Union and Alpha-Plutus-Mogul groups.

Another isolated mine is the Two Johns, operated on the lower ore-bearing
beds which outerop on the west side of upper Squaw Creek. The shoots-trend -
cast-northeast, hut are all compuratively small. A little ore has also heen found
in the South ‘Dakota mine’in Annie Creck and at other points along the course
of Squaw Creek, notahly in the Labrador mine, but this western portion of the
Bald Mountain area has not yet heen thoroughly prospected, though it may in
future become productive terrifory.

GARDEN AREA.

The mines of the Garden area are sttuated in Blacktail and Sheeptail gulches,
and at the head of a small tributary of False Bottom Creek about two-thirds of
a mile east of south from Garden. To the southwest lies the Algonkian nucleus
of the northern portion of the hills. To the north the country is covered by a
heavy cap of rhyolite which obscures the Telations of the Canbrian strata. Still
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farther north the Cambrian. passes beneath the overlying formations. The strata
dip quite sharply to the northeast and are covered by the rhyvolite cap hefore
mentioned, - The relations of the strata are much confused.by irregular intrusives

and hy a series of small north-south faults which elevate the ore-hearing beds on

the west side. The following mines have been operated in. this area: Penohscot, -

Golden -Gate, Wells Fargo, Kicking- Horse,- Keystone, American Express, Chicken
Lode, and another mine-of considerable size whose name is not known.

The trend of.the shoots is about east-northeast by cast or nearly east-west, -

although there is considerahle divergence from this direction. The shoots are
somewhat narrower than those of the Bald Mountain area, hut generally of con-
siderable length. The grade of the ore is comparatively low on account of the
. prevalence of shale bands in the ore, hut some high values have been reported.
Dikes are seldom if ever cncountered in the workings. The exposed area of
Cambrian upon which these mines are sitnated is very limited, and it is not

known how far the.ore-bearing beds  extend beneath the rhyolite cap to the

northeast.
LEAD AREA.

* In the vicinity of Lead there still remain uneroded on the crests of the
Algonkinn ridges a few small isolated outliers. of Cambrian strata: A heavy sill
of fine-grained rhyolite caps the Cambrian, leaving a varying- thickness of shales,

dolomite, and conglomerate hetween it and the Algonkian, but as we approach -

the Homestake zone, first this rock and then the hasal conglomerate thins out so
that the ore-hearing heds lap over first upon the conglomerate and finally
directly upon the schists. The ore bodies are exposed at the surface upon the
westernost edge of this aren, hut lie beneath the shales in an easterly direction.
Much of the ore from this district- contains great quantities of barite and is
unifoermly rich in gold. From the Hidden Fortune mine was taken ore which, in
addition to its refractory -content, vielded immense quantities of finely divided
and crystalline native gold. From the thin parting of ore-bearing beds above
the De Smet cut, and helow the -1'h_v01ite‘ cap, great masses of very rich silicecus
ore were 1ined, while to the west of the Homestake open cut the Big Missouri
mine has vielded great quantities of ore of the sume character. In those mines
where the conditions permit of their determination the fractures with which the
ores arc assoviated couform in strike to the lamination of the underlying
Algonkian schists,

) YELLOW CREEK AREL

This area is situated a little more than 2 miles slightly cast of south from
the city of Lead. '

The ores are found in a thin capping of Cambrian strata on the divide between
Whitewood Creek on the west and Yellow Creek on the east. Above the Cam-
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brian rocks -is an extensive sill of fine-grained rhyolite which attains a thickness
of 350 feet as it is followed in a southerly direction, A small detached area of
this eruptive rock remains uneroded to the north and there forms-a small clevated
knoll. Between this knoll and the Jarger southern mass of porphyry the
Cambrian measures lie uncovered, ‘and within this area—generally not more than
30 feet below the surface—have been found small but' rich bodies of refractory
siliceons ore.  Farther to the north on the extreme end of the divide is a large mass
of phonolitic rock intruded irregularly into the rocks of the Algonkian. On the
northeast side of Yellow Crecl small areas of Cambrian still remain upon the crest
of the divide between that creek and the west branch of West Strawberry Creek.
Siliceous ores have recently been found on this divide, but have not yet been much
“developed. The ores of the Yellow Creek arca lie divectly upon the basal quartzite
of the Cambrian and about 15 to 25 feet above the Algonkian. They follow fractures

varying somewhat in their direction, but the more extensive shoots generally trend

northwest and southeast, following the strike of the Algonkianrocks. In the greater

number of the mines the loose incoherent character of the roof has completely

obscured the suppiyving fractures. The average value of the ores is about $40 to $50

per ton,* In the Minnie mine the grade was much lower and in’ other mines much

higher. Fluorite is generally not & prominent uonstitu.ent, but barite oceurs with

great frequency.. The mines which have so far been operated here are the Donelson

" fraction, Wasp No. 1, Little Pittsburgh, Two Sirike, Minnie, Little Blue, Little

Blue fral:tion, Wasp No. 2, and Wasp No. 4.

The Yellow Creek distriet, though a very restricted one, has heen extremely
productive on account of the high average yield of the ore. The district is closely
related to that near Lead. The grade of the ores in both cases is high; the oceur-
renco of barite and tungsten minerals is similar, and the two areas bear the same
general relation to the strike of the Homestake ore body. To a less extent it is
similarly related to Garden area. ' ‘

SQUAW C(REEK AREA.@

This avea is situated in Squaw Creek, a short distant east of its junction with
Spearfish Creek. 1t is one of the few where mining has been begun in the bed of a
deep gorge, with a very narrow outcrop of Cambrian capped by heavy Carbonif-
erous cliffs, so that mining will soon carry the workings beneath great thicknesses of .
overlying rocks. A few verticals may here be seen and. some small bodies of ore
have been encountered in the Cleopatra mine, although at-a considerable distance
above the hase of the series. In view of the heavy mineralization of the overlying
Carboniferous it is not improbable that ore bodies of _wbrkablc size may be found
here. At present it is little more than a prospect.

a After this paper had gone to press C. C. O'Harra’s paper ** The mineral weslth’of the Black Hills,” was received,
showing that this Squaw Creck ares had become an important producer since the writer vigited the region.
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SUNMMARY.

The refractory siliceous ores are restricted to certain soluble strata of the

Cambrian series. Such development as has taken place has naturally been directed

to those areas of Cambrian strata where erosive agencies have rendered the ore-
bearing beds most readily accessible.

The Cambrian rocks are not widely exposed, as they yield readily to erosive
agencies when unprotected by a capping of massive limestone. They therefore
remain only as a rim around the inner edge of the Carboniferous (see Pls. V .
and IX), and 'rapidly thin- inward until only isolated outliers remain upon the

- Algonkian highlands, or they lpass ontward beneath the heavy massive rocks of the
Carboniferous. 1In the former case ore-bearing areas arc isolated on account of
the removal of the Cambrian strata from the intervening country. In the latter
case the ore-hearing beds lie so deeply buried that it is difficult to say how far in
these directions the mineralized area may extend, and ‘exploration involves a
greater expense than thﬂé‘ uncertain conditions would seem to justify.

VALUE OF THE ORES.

The gold contents of the ores in the Bald Mountain ares run from %3 or $4
per ton to, in rare instances, $100. The general average for the ores in this
district is about $17, and those containing from §10 to $20 are of the most
common oceurrence, Ore carrying $35 per ton is considered high grade. Some
of the ore from the Ben Hur mine yielded upward of $60 per ton in gold. As
compared with the ores of the lower beds those from the upper contact are
slightly lower in grade, so that much of the orc is often left in the mines. The
ores from the upper contact have also been reported to carry a higher relative
proportion of silver, but although this is true in individual instances, in general,
silver ores are as frequent in the lower as in the upper beds. The distribution
_of the values in the ore is fur from uniform. Ore which carries $25 at one point
will fall, within 10 feet, to rock yielding only $10. This is cspecially true of the
upper contact. In general, the larger ore bodies arc of lower but more uniform
grade. No general rule as to the distribution of values in a single shoot can be
laid down, for the portion near the supplying fracture is sometimes higher and.

. sometimes lower than that farther removed therefrom. , The extreme ‘“‘rims? of
the ore are generally lower than the main orc mass. In the Tornado mine the
or¢ in the vicinity of the complex of dikes and faults north of the shaft
carried higher values than that in fih'c less disturbed heds to the south. In the
Ross-Hannibal mine, on the contrary, the ore carried very high values and the
shoot was remarkably uniform and undisturbed. The larger ore bodies often yield
increased values where they are joined by smaller ‘shoots entering them at an
angle. Instances of this are to be seen in the Tornado mine.



154 ‘ ECONOMIC RESOURCES OF NORTHERX - BLACK HILLS,

The thiee smaller areas of silicecons ore, Yellow Creck, Lead, and Garden, to

the west of the Homestake ore hody, or its continuation, produce ores of uniformly
higher grade than those from the Bald Mountain country. Those of the Lead
area, such' as the Big Missouri, Durango, and Hakrison, yield(;d ores carrying
between $25 and $500 per ton;  much ore was shipped that carried an average of
$50 per ton. The unusual instances are the Hidden * Treasure, Golden Crown,
and Iowa mines; portions of the Durango and Harrison also-produced ore con-
taining large quantities of free gold besides that in the refractory condition. -
The grade here ran up into the thousands, so that one car 6f 10 tons is reported
to have yielded $65,000. High-grade ores are also found in Yellow Creek where )
" a conservative average f\m_' ores herctofore mined is $40 to $50 per ton.
The Garden area, which bears the same general relation to the continuation
- of the Homestake as do the Yellow Creek and Lead districts, also earried some
ores with. remarkably‘high values, but the general average in this distriet is not
high on account of the large amount of waste in the ore due to the greater
proportion of shale bands in the ore-bearing beds.

AGE OF THE MINERALIZATION.

-The .fractures have been shown to be .older than some .of the ernptive bodies
and younger than others. Where fractures cut eruptives fillings ‘of ore extend
uninterruptedly from the main ore body into and through the porphyries. Mineral-
ization along fractures that are ent by eruptives has always cxercised an influence
on the porphry, cither by producing a slight silicification at the point of contact
or by the extension of the more' powerful of the mineralizers, like fluorite,
beyond the ore into the minute crevices of the eruptive rock. Eruptives hive
‘never been obscrved to contain angular fragments of ore, which would probably
have been the case had magmas broken through such an extremely.brittle material.
These conditions have been observed to hold good for all of the varietics of
eruptive rock.. The mineralization is, therefore, later than the igneous activity.

As igneous rocks cut strata of the Benton Cretaceous and pebbles of the
same rock have been found in the basal conglomerates of the Neocene it would
seem that the mineralization occurred somewhere between the Benton and the
Neocene and it probably, represents the final phase of vuleanism that was con- |
comitant with the elevation of the Black Hills. This eccurred while the Cambrian
was atill deéply buried beneath its covering of later formations.’

. . ORIGIN OF THE orms _

The evidence that is furnished by the facts cited in the foregoing pages as -
to the origin of these ores falls into two classes, that which relates to the manner
in’ which: the ores have been formed, and that which reélates to the source from
which the ore minerals have been derived. The first has to do with the changes
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that have taken place in the country rock through the agency of mineralizing
action, and with the chemical and -physical nature of the process by which these
changes have heen wrought. The second treats of the channelsthrough which the
mineralizers have gained access to the beds which they have altered, the direction
" of flow of mineralizing waters through these channels; and, finally, the immediate -
source from which these waters have derived their mineral contents. -

THE MINERALIZING PROCESS.

The ore did not in dn} sense fill pleemsmng oaumes. for thele is no evldeng
to show that such have existed in the ore- bearmﬂr rock at any time; the” onh
cav ltles present being the minute crevices or fissurds Wh]Ch have been ter med “ver-
ticals.” *.The ore has been formed by a process which involved the Ufradual
removal of the original rock L,ubstance and the ‘simultaneons bllbatltutlon ‘of the
ore minerals. This has often ploceeded with so little disturbance ot the omgmal'
material that the stratification of the country rock i is, continuous with the banding
of the ore, and at times so perfect is the preservation of this structure that it-is .
dificult to determine, without detailed examination of the substance of the rock,
at what point the ore terminates and the unmineralized rock begins. A very good
iden of this banded structure can be obtained from PL XVI (p. 214). 1In other words,
a-complete alteration of the mineral substance of the rock has taken place without
any change in its external form; still further, when viewed under the microscope,
the ore shows an even more’ faithful reproduction of the original microscopic
structure. One type of ore-bearing rock (described on page 120) consists of un
aggregate of minute but complete crystals of dolomite. This Tock is shown in
Pl X, B (p. 214). When a-transformation of this material into ore has taken place -
the process has been carried on with such nicety that-these little rhombs appear
ag distinct in the ore us in the unaltered rock (Pl. XV, 4). When, however, the
‘polarizer is applied to the mieroscope it is at once seen that the ore is composcd
entirely of silica and pyrite and that notrace of the original material is left,
although its form is as perfect as before alteration (Pl XV, B, p. 214). '

During this mineralization a marked deerease in volume has oceurred. This
is shown by the great number of cavities or vugs that oeccur in the ore, and the
resulting contrast with the dense texture of the original rock. The intensity of
the ore deposition seéms to have heen directly proportional to the confinement
of mineralizing waters; the more open the fracture the smaller is the ore shoot,
and the more cven and uninterrupted the shale or porphyry above, the greater
is the lateral extent of the ore. Again, where ore shoots, like the great Tornado-
Mognl, lie in contact with large igneous bodies, there seems to have béen an
additional confinement of waters which may have had some connection with the

great size of ‘the ore hody.
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DIRECTION "OF‘ FLOW OF MINERAL WATERS.

These ore minerals have been transported by circulating waters to tho dolomite,
whether it was present as comparatively pure beds or as cementing material of
sandy and shaly rocks. Such waters have found in the fractures, or ““verticals,”.
trunk channels by mecans of which they have been enabled to penetrate the
encompassing and comparatively insoluble rocks and reach the more readily
replaced material.  Whether the direction of flow in these fractures has been
upward or downward is extremely difficult to determine, for there are certain
facts that arc not to be readiiy explained on either asswmnption. In the opinion
of the writer, however, the mass of evidence seems to favor o mineralization by
ascending waters. ,

In the first place, the ore generally lies immediately below a comparatively
impervious rock (see Pls. XTI, XIX, XX, p. 214); this may be a bed of cxtremely
argillaceous shale, sometimes quite thin and again of considerable thickness, or a
sheet of porphyry, but in all cases a rock competent to act as a barrier to the fur-
ther passage of uprising waters. On the other hand, such a close contuct with. the
quartzite or other impervious rock below rarely occurs, for there often intervenes
between the next lower impervious bed and the under boundary of the ore an
unmineralized arvea of dolomite of the same soluble character as that which has
been replaced. Excellent instances of this may be seen in the Union mine, the
E shoot of the Tornado mine, in the Mogul mine, the Welcome mine, the Ameri-
can Express mine, the Two Johns mine, and in innumerable other cases. If
the mineralizing waters had come’ from above it is reasonable to supposc that
such a stoppage of circulation would have taken™ place just above, not beneath,
an impervious bed, and that the unmineralized portion of dolomite would have
been above and not below the ore. It is, of course, to be observed that there
are many cases where this unmineralized area is not present, for the ore often
completely fills the space between thq roof and underlying impervions bed. This
is especially true where ore bodies are very extensive, for the aggregate amount
of material introduced has been sufficient to complotely replace all of the
soluble rock which intervenes.

In the sccond place, dircctly beneath this impervious roof the lateral extent
of the ore—the horizontal distance to which ore solutions have spread from the
supplying fissure—is generally greatest, diminishing with increasing downward
distance until it pinches to a mere vertical. Tt is clear that the interposition of
- an impervious layer across a channel of circulation will produce just such a lat-
eral spreading, and that where circulation has been upward, it will take place
on the under surface of the layer; where downward, on the upper. The two
‘diagrams below (fig. 15) bring out these relations,

In the third place, there scems in general to be a connection between the
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lateral expansion o1 mineralizing waters and the amount of open space available
for their circulation. Thus, where fractures are-large and open and pass unin-
terruptedly upward through the capping shale or porphyry the soluble rocks are
comparatively little altered and orve shoots are narrow and confined chiefly to
the immediate vicinity of the fracture.® In other words, the mineralization of
lower beds has not been great where large and open verticals have permitted the
free passage of waters to higher levels. Such a stoppage of flow in mineral-
bearing waters would also tend to increase the extent of rock mineralized along
the barrier, owing to the increased chemical activity of the waters due to the
absence of rapid motion; for it has been frequently remarked by writers on
ore deposition that the quiescence of mineralizing waters is essential fo an
active deposition of mincral.? '
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Fio. 16.—Ideal scetion to show relations of greatest lateral extent of ore to direction of flow of mineralizing waters.

While these three groups of facts are not sufficient to prove that these oreg
were deposifed by ascending waters, they must at least be explained before a
deposition by descending mineralizers can be advocated.

DERIVATION OF ORE -MINERALS.

There arc.no facts which serve to indicate with certainty the source from
which the circulating watérs derived their-mineral contents. . However, from a

a Lgrge ore shoots oceur aleng open iractures, but only where they are present in large numbers and are closely - . ..

spaced, so that small amounts of mineralization along fractures have coalesced, forming a large body limited hy the num-
ber of fractures. . .
tEmmons, 8. F., Geology and inining industry of Leadrville, Colo.: Mon. U. 8. Geol. Survey, vol. 12, 1888, p. 570, *It
will be readily apparent *. * * that such precipitation will be most abundant where for any canse there I8 some
interruption in the regular flow of the current, 08 rapidly moving waters deposit much less readily than those whose

movement i3 very slow.” \ . T
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consideration of ‘the several rock formations, it is possible to form some idea
of their relative importance as a possible source of orc minerals. "It is now
generally admitted ‘that meteoric waters by descent to and contact with heated
rock ‘masses at great depths may be transformed to ascending waters; therefore,
the minerals which constitute these ores, so faf, at least, as their position relative
to. that of the ore bodiés is concerned, may have had their origin either wholly
or in part in any of the country rocks that remained uneroded at the time of ore

_deposition. The region was then presumably deeply buried by rocks now removed, )
consigting of small areas of the Algonkian and Cambrian, of the Ordovician and
Carboniferous limestones, Minnelusa sandstones, and Cretaceous tocks, together
with much intrusive porphyry, making in all an aggregate thickness of probably
4,000 feet. To these, as a possible source of ores, must be added Algonkian
schists and their included eruptives to indefinite thicknesses below the level of
the ore bodies. The ore minerals ‘to be derived from these rocks are, in the
‘relative order of their abundance, silica, pyrite, fluorite, wolframite, barite,
tellurium, torbernite, gypsum, stibnite, gold; and silver.

For. the silica, so many different sources can be suggested that its origin
does not deserve special- consideration.” The same rhay be said, though in lesser
degree, of the pyrite which, while present in considerable amount in the ores, Is
too  widely distributed a mineral to have 1ts 011gm cxcluslvcly in any of the
country rocks, '

The fluorite, perhaps more than amy other mineral present, may he ‘19011bed to
pneumatolitic emanations from the eruptive rocks at the time of intrusion. Barium
nay have originated from “small quantitics in the feldspars of the igneous rocks,
in which it is known to occur in considerable quantities. For the rarer elements,
such as tungsten, tellurium, arsenic, antimony, and, in instances, uranium, no
tests have . been made. Sirce these minerals can not readily be supposed to
have been -original constituents..of: the - sedimentary rocks, their origin must be
sought in the-Algonkian or eruptive masses. Wolframite oceurs in considerable

- ‘\quantltles in rocks of the Algonkian, associated with the tin depo-ilts both in
Nigger Hill and in the southern hills. Tts" occurrence suggests that similar
deposits and bodies of eruptive granite ‘may exist below the schists in the
vicinity of the tungsten deposits néar Lead, and if so, they may readily be
supposed to have supplied 'this mineral to ascending thermal waters. It is, of
coursc)-possible_that tungsten also is- present in” the eru‘ptive rocks, but if so, it
is--jet—undetected. I the light of the eovidence as to duecmon of ﬂow of
mineral solutions no siich assumption is essential. '

) Arsenopyute is known to ocenrin the auriferous lodes of the Algonkian
e (see™ dObLI‘Ipthn of Homestake ores, p. 68). Tellurtum, arsenic, antimony, and

.
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uranium may have had their origin in either eruptive rocks, or Algonkian
schists, but their presence in either is not reported. S

Of the gold and silver contents of. the various rock formations more is
" known. Among the sediments the only series which undoubtedly contained gold at
the time of the ore formation is the Cambrian. This gold oceurs, (1) in the form
of auriferous conglomerates at the base of the Cambrian; (2} as small amounts
of free gold widely disseminated through unaltered sediments, prestt;ﬁabl_y
contemporaneous with their deposition. Of this Iatter type of gold the writer
has seen no occurrences in person, but many instances of the kind are.reported,
and as they originate from reliahle sources, they are probably accurate. -

That the schists of the ‘Algonkian were mineralized with gold and silver
prior to the deposition of the Cambrian, the study of the Homestake and other
Algonkian deposits has placed beyond question, Many otheér instances of small
quantities of gold at different places in the Algonkian series have come under the
notice of the writer, although never in sufficient quantities, nor of hlgh enough
-grade, to be of economic importance. :

W hether rrold and silver were original ingredicnts of the eruptive ropka, it
is much more difficult to determine. These rocks.frequently yicld appreciable
amounts of gold and silver on assay—a fact which is attested by a number of assays
made for the wr 1ter as well as by examination of assay returns from several mines,
Such assays, however, were confined to eruptives so closely nssociated with areas of
mineralization that these values may have been introduced into them at the time of
ore deposition. It seems, however, possible that there may bave heen some small
quantity of- these metals in the original rock, although it can not be dehmbely
proved. -
1t will be seen from these data that the country rocks of the ore- beaung areas
_contained at the time of the ore deposition most of the ore minerals in quantities .
sufficient to have constituted an adequate souree. .0f supply, and in the opinion of the
writer, it is very probable that each of these rock divisions has contributed to the
ore founatlon, one adding one element to circulating waters, and one another. . Howf—w ,,,,,,
the metallic contents have been derived from these rocks—schists, sediments, and
‘eruptives—whether exclusively through a leaching .by purcly meteoric waters, or
by the additional aid of occluded moisture or gases released from eruptive magmas, |
it is not possible to say. The- presence of such large quantities of fluorite in the
ores certainly leads one. to suppose that the latter action has been an important
factor in the ore gencsls and. in.. the opinion. of~the- writer it has had: ~much
closer connection with the origin of these ores th an is generally admitted. It is
further probable, since the ore deposition Vtollqwed so closely the eruptive activity,

. I
s e
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that the heat imparted to mineral waters by igneous rocks served to increase in no.
small degree the activity of circulation,

METHODS OF TREATHENT. a

Adfter the failure of the carlier attempts to treat these refractory siliceous oves
by amalgamation, a pl:‘mt for the treatment of the ores by chlovination was erccted
by the Golden Reward Company at Deadwood, in 1889, and a second plant of
similar character was built at Pluma, in 1895, by the Kildonan Milling Conipany.
This process was attended with a greater degree of suceess than any before tried,
and until recently has heen largely used. With the increase in the understanding
of the chemical character of the orc other processes were found to make so much
better saving of the precious metals that chlorination has now largely given place to
them.

In 1892 a cyanide plant was built in Deadwood, but seems to have heen in
operation only intermittently. [n 1890 the Deadwood and Delaware Smelting -
Company built the plant in Deadwood for the treatment of the ores by matte-
smelting, and under the efficient management of Dr. F. R. Carpenter this method
of treatment became one of the most successful that had yet been adopted. Since
its erection the plant has been purchased by_the Golden Reward Company and much
enlarged. Another is now in process of construction at Rapid.

" Within the last three years the cyanide process has been used with increas-
ing success on these ores. The percentage of extraction is somewhat lower than
that attained by smelting, but the saving in expense is so great that ores may
often be profitably handled, even though of lower grade than those economically
treated by other methods. There are now in operation in the Black Hills eight
cyanide plants treating the refractory siliceous ores, while numbers of others are
in process of construction.’ )

METHODS OF MINING.

The methods of mining followed in the siliceous ore regions are extremely
simple. Shafts are not deep, and in many instances the ore outcrops so ncar
the surface that the mining operations may he carried on by means of drifts,
The loose, incoherent nature of the Cambrian rocks necessitates some timbering,
but that is generally of a very simple character. Lagging is necessary in the
larger stopes, owing to the lack of rigidity of the shales that often form the roof
of the ore; but in_the smaller shoots the_entire ore body is frequently extracted

. TNz . - 1=
_without~the use of supports of any kind. In~much oxidized and decomposed

a Detailed accounts of the treatment of the ores will be found as follows: ¥. R Carpenter, Trans, Am. Inst. Min. Eng ,
vol, 17, pp. 570-598, TF. . Smith, Trans. Am. Inst. Min. Eng., vol 27, pp. 422—426, Charles H. Fulton, Bull, No, §,
South Dakota School of Mines, February, 1902

- " bFulton, C. H, Bull, Ko 5, South Dakota School of Mines, p. 65, February, 1902,
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areas more careful support of the roof is necessary. In a few mines difficulty
has been experienced in handling the water, largely on account of the uneven
and undulating character of the quartzite on which the ores 0(3(:11.1", so that the
location of a sump is never permanent, but must be shifted from time to time.
In l‘u‘we bodies of ore the center of a shoot is generally removed first, pillars
of ore bemlr left to. support the roof it the tlmhm ing itselt iy insuflicient; the
rims and, finally, the plana arc then removed, and all waste mater ial in the ore
is doposited in the center of the stope. Caving is sometinies resorted to after
ore has been removed, and gangways left along the edges of shoots, the
e\pensc of mfuntammg a large amount of -timbering being thu~, avoided.

© Prospedting. —‘V[lnmg ptopettv'm the siliceous ore Ieglon is often sold

[ 191

“without regard to ore “in sight,” so that the method and intelligence with which
systematic prospecting is carried on has an extremcly important bearing. on the
profitable working of the ores.” The first step is the determination of the ore-
bearing beds, "This having "heen dedided, the beds are opened ap by a shaft, if
below the surface, or by tunnels if exposed; drifts are then run at right angles
to the prevailing direction of ore shoots in the region. Verticals or ore bodies
intersceted are followed or mined out along their strike, and other crosscut drifts
are run ab considerable distances fl'()ln and purallel to the first. In this way an
exceedingly cxten;sive area may be Prospected for all except shoots” of extlemcl\'
small size at & nominal expense. Intrusive pmphvues occasion some inconven-
ience, but this can gmemlly be overcome by intelligent work. Mining (';0'111'1‘)‘mie<
that “have kept their systematic prospecting in advance of their ore extraction
have opened up new shoots before old ones were mined out, thus enabling them
to produce continuously, while those companies that have not adopted this method
have been subjected to an éxpensive and discouraging period of ‘dead work and
in sight™ was exhausted. i

113

" inaction when their ore
FUTURE OF THE REFRACTORY SILICEOUS' ORES.

While there are considerable tracts of the o‘reJmm'ing heds of the two known
horizons still unprospected within the exposed vim of Cambrian strata above
mentioned, the development of such ore bodies as may therc be discovered ean
not maintain the production for.any great length of time. But there are muany
included dolomite beds hetween the so-called lower and upper coutacts ‘whieh
" have been but littlé, if at all, explored, and which there is every reason to helieve
are mineralized. Upon the prospecting in these beds and the discoveries which

exploration may make where ore-hearing beds are dcep]y buried beneath, the, S

overlying limestones of the Carboniferous will depend the future of this” cldf« ot

ores. It is therefore necessary to answer. the. (1[10bt]0n ‘How..far in. these-direc-
4987—No, 26—04——11 -
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tions does the mincralized area extend? This iz a diflicult questio;l._ Three
conditions determine the occurrence of these ores: (1) The, presence of the
marbleized dolomite or ove-bearing beds; (2} fractures by means of which miner-
alizers may obtain access to such beds; (8) the percolation of mineralizing waters.

As before stated, -it has been proved that the ore-bearing dolomite occurs
under much of the. limestone to the west of Portiand, and the same beds have
been detected far west of Spedl’flbh Canyon, so that 1t is plohdble that the ore-
bearing rvock is uniformly present over extensive ar eas.

.. The presence of fractures is,a condition which would also seem to be fu]ﬁlled at
least so far as the eastern side of Spearfish Canyon is concerned, for the occurrence
of mineralized fractures in the limestone of Elk Mountain, Ragged Fop, and Carbon-
ate indicate that verticals may be likewise present in the Cambrian below.

The third and, perhaps, most essential condition, however, that there should have
been mineralizing action upon these deeply buried strata is one which only dcve]op
ment can determine.  Tf we are to consider the Ragged Top ores, which arc of the
same general character as the majority of refractory siliceous ores, to he the work of
ascending waters, then it is not iiuprgbable that these deeply buried beds have
been mineralized; but as the evidence on this point is by no means conclusive no
argument can be based on such an assumption. That refractory siliceous ores have
been found in-the Cleopatra mine in the bed of Squaw Creek and are also reported
by Carpenter® from Cold Créek to the cast may be taken as an indication of the ‘
future value of the region, and are certainly sufficient grounds for a careful and
extensive prospecting. In general there does not seem to be any reason why ore
bodies should not cceur beneath the Carboniferous, and if they do this class of ores
tay continue to be an important factor in the gold production of the Black Hills for

Many years.

LY

PYRITOUS ORES.

Under this head are included ores of gold that show usuallj a heavy pyritic
content with which are sometimes associated other sulphides, such as sphalerite and
galena. These ores oceur at varions points within' the Spearfish quadrangle and -
have heen intermittently mined, but, on account of the small size, irregular character,
and low grade of the ore bodies, have never been an important factor in the gold

" production of the region. i

Two Bit district.—The best-known oceurrences of these gold-bearing pyrité
ores are in Two Bit Gulch. The country rock is heré Cambrian shale of varying
thickness, consisting chiefly. of fine gray shale, glatconitic in places; iron-stained,

"= -shaly.sandstones sometimes calcareous in character; and some few layers of dolomitic
breccia. Interbedded with these Cambrian strata arc many sills of syenite-porphyry,

T

aTrans. Am. Inst, Min, Eng., vol, 17, 1889, p. 570.
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coarse rhyolite- or granite-porphyry and other varieties of cruptive rock. 'At the

base of the Cambrian series is a heavy and much indurated quartzite, but at no point
ohserved by the writer does the banded dolomite or characteristic horizon of the
siliceous ores oceur upon this quartzite.

The ore bodies generally are the result of mineralization along fractures or-

versicals which cut eruptives.and Cumbrian strata indiseriminately., The ores are
composed largely of pyrit.é, which océurs in heavy, alinost amorphous masses in
the Cambrian shales on or neay the basal uartzite, and is reported to have been in
the forin of shoots of considerable width in the Hardin mine. hen fractures
intersect porphyry the pyrite often occurs in crystalline druses and at times is
‘seattered thickly through the body of the eruptive rock. The quartzite is also
in places heavily impregnated with pyrite. This pyrite is reported to have yielded
Iow values in gold, although no authoritative data as to the exact yie_ld are avail-

able. As pyrite is essentinl to the smelting of the refractory siliceous ores it was.

hoped that these low-grade ores. if concentfated, might find a local market, but
for some causes not well understood several trials proved them unsatisfactory:
The Hardin shaft is the only mine in which bodies of pyrite of workable size
have been found. Much ill-advised mining has been carried on in this" district
and, although in futwre these ores may possibly prove to be of value for smelt-
ing purposes should other sources of supply become’ unavailable, in the light
of the present development operators would do well to exercise caution in their
exploitation. - e ‘ T

In their oceurrence ‘these ores show quite a strong resemblance to the refrac-
tory siliceons ores. The fructuring is of later age than the igneous activity and
so‘also the pyritizution. The mineralizing process seems to have heen in the
nature of a replacement by pyrite of a portion of the different rocks through
which the fractures pass.

TUNGSTEN ORES.
WOLFRAMITE.
HISTORY.

For some years prior to 1899 large quantities of what was locally known as
**black iron” were mined, together with refractory siliceous g:)ld ore, from
workings in the Lead and Yellow Creek stliceous-ore areas, as deséribed on page
151.  In most cases this material contained very low values -in gt-)ld, and Was

sorted from the ore, so that it dceumulated in considerable amount on the waste
heaps of the mines. Some of that from Yellow Creek, however, is 1'(_3p:0_1;§e'c:1_~£6 )

have yielded workable gold values. This was shipped to the smelter and there
treated among other basic ores without suspicion of its special value. In January,
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1899, however, its great weight attracted the attention of a local mineral collector
and o fow simple tests served to reveal its true character. Its imiportance wus
quickly recognized by manufactures of tungsten steel, and the exploitation of
the deposits has now developed into an industry which, although not extensive,
“has yielded considerable profits to individual owners,

OCCURRENCHE OF THE WOLFRAMITE.

This mineral has been found thus far at two localities. The first i upon
the .Cambrian outlier immediately north of Lead, on the top of the high' hill
which forms the crest of the divide hetween (dold Run and Deadwood Gulch:
the second is in the narrow tongue-like area of Cambrian which, as a thin capping’
on the divide between Yellow and Whitewood creeks, projects north into the
central area of schists. The two lie in a line which trends abont N. 24° to 30° W .,
.and follows .Very closely the strike of the schistosity of the upturned metamorphic
rocks below. In the latter rocks, just cast of the northern deposits, are the
open cuts of the Homestake mine, which lie in a line nearly parallel to that
connecting the wolframite areas, and on a gr'eat mineralized, gold-bearing ‘zoue
in the schists. The Yellow Creek occurrences lie just west of the projection of
this zone, bearing the same relation. _ i

As stated above the wolframite iz found in much the same relations as the refrac-
tory siliceous ores already described. )

It oceurs in flat, horizontal but rather irregular masses up to 2 feet in thickness,
They .fl'equently cover considerable areas, of which perhaps the largest so far
discovered may have an extent of 20 to 30 square feet; but they arc =0 extremely
irregular that it is difficult to form an exact estimate of their lateral extent. These
masses lie upon or near the basal quurtzite of the Cambrian or where that is absent
upon the conglomerate that separates the upper members of the series from the rocks
of the Algonkian, The beds in which it fies are an impure dolomite sometimes so
full of sand grains as to grade into quartzite—a fact that has not infrequently given
rise to the erroncous opinion that the ores are mineralized (uartzite.

Above the dolomitic beds generally aveur layers of shale, which become much
more argillaceous, and often contain considerable glauconite, as one passes vertically
upward. Above these shales. both in the \'iciility of Lead and Yellow Creek, are
found remmants of s rhyolite sheet, showing in many cases a well-developed coluw-
nat structure. ' .

The wolfrumite iz to be considered more in the nature of .a basic phase of the
refractory siliceous ores than as a separate and distinet deposit. for it occurs always
in intimate association with them. At times it forms a rim around the outer edge
of the siliceous ore shoots, often extending ‘inward and upward so as to form a thin

- SmoEE—— .
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capping to that ore. It thus appears as a sort of envelope to the siliceous-ore mass,
which it incloses, or nearly incloses, on all ciic'ept the lower side.  Margins of this
kind are often from 2 to 24 feet thick, hut the eapping portion is generally thinner.
At other times the wolframite occurs in irregular masses, scattered through the
siliceons -ore, or in stringers and thin, contorted layers in the partially silicified
dolomite. TIn the Wasp No. 2 mine. in Yellow Creek, it was observed in lenticular
or kidney-shaped masses in the shaly dolomite. An excellent instance of the first
or envelope type of oceurrence is to be seen in the Harrison mine, ncar Lead. In
the. Two Strike mine in the Yellow Creek area it was seen in thin, irregular layvers
replacing the uppermost and more caleareous portion of the basal Cambrian
yuartzite. « . )

In general the ore is separated from the nonmineralized rock by a fairly sharp
line of demarcation: hut in not a few cases it grades off so that the ore. becomes
leaner and passes by scarcely perceptible transitions into the country rock.  In almost
all cases considerable silicifieation has extended beyond the wolframite deposition so
that, without the aid of the microscope. it is difficult’ to distinguish the oviginal rock
from quartzite. : :
) CHARACTER OF WOLFRAMITE ORE.

-

As taken from the mines, the wolframite is a dense, black; massive rock of
fine, grunular texture and great weight. It elosely reseinbles ‘a“finc-grained mag-
netite: but its greater specific gravity and slightly brownish streak. together
with the associated wminerals, generally render its identification possible.  The
component grains are, in the majority of cases, about one thirty-second inch in .
dismoeter, and always cxhibit brilliant cleavage faces. In the portions having
courser texture, the grains are one-cighth to one-fourth inch across, and have
slightly curved: surfaces with an extremely brilliant metallic luster. They do not
possess crystalline houndaries except when the replacement has been hut partial
or when crystals project into cavities. Radiating nggregates or single tabular
crystals of harite are present in considerable abundance embedded in the hody of
the wolframite, but are more sparsely distributed in the more massive portions.
They have always attained a perfect crystalline development, which shows that
they are the carlier formed ingrvedients of the ore. Irregular cavities or vugs,

_such as are generally to he seen in deposits originating from the replacement of
one mineral by another, are present throuwghont the ore in great numbers. These
arc of all sizes, some of them very-intricate in form, and often of considerable
aggregate volume. Their interior sarfaces are usually coated with small but well-
formed crystuls of wolframite, not unlike marcasite in their form and in the
manner of their grouping, and with crystal druses of yellowish or hright-green
"scheelite. The crystals of the latter minetal are often of great heauty and per-
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fection. In some cases, cavities are filled with white or glassy crystals of barite.
* In a few inst-ances, the leaner wolframite from Yellow Creek shows long, slender
crystals of stibnite, radiating from a common’ center, much in the manner of
the spicules of a radiolarian.. o

Despite the decomposed and gouge-like character of the country rock, altera-
tion has not generally taken place to any noticeable dégrce, When the ore-has
been long exposed fo-atmospheric conditions, however, a mineral of gold-yellow
color, in glistening ‘druses of extremely minute crystals, very often coats the sur-
facé. This has been considered by Forsyth?¢ as suggestive of tungstite,- or
tungsten trioxide; but none of that collected by the writer gave satisfactory
results to tests for tungsten, and its.truc .character has not yvet been determined.
< Under the microscope the ore, when very pure, shows little hesides the dense,
opague wolframite. Occasionally, interstitial masses of clear, glassy quartz are
observed, filling the spaceév”formed by the crystal faces of wolframite. When
sufficiently lean to permit the use of transmitted light; however, the wolframite
may be seen to be made up of innumerable small crystals, which are generally
well developed, but interferc with one another at their extremities. There are
thus left between the wolframite individuals many irregular spaces, always bounded
by plane surfaces and usually filled, cither with secondary quartz or by grains
of original detrital ‘quartz, about which enlargements caused by later added silica
have formed complete crystals.' In some specimens -large erystals of barite are
to be seen. Scheelite occurs interstitial to the woliramite. Scections of ‘the ore
. cut from the portion where it passes into the unreplaced rock show a mod-
erét.ely abrupt transition from massive wolframite to p:u'tialiy replaced material,
with interlocking crystals, which gradually become more sparscly scattered, until
they finally disappear in the barren rock. The latter is generally heavily silicified
.beyond the limits of the wolframite, so that the microscope shows, if polarized
light be used, that the rock is almost wholly composed of silica. If, however,
the polarizer be removed, nothing can be seen but the sharp outlines of irregular
rhombs, such as constitute the body of the usual type of dolomite before minerali-
zation, the original carbonate having been replaced with such delicacy that its
structure has been perfectly preserved. '

CHEMISTRY .,

The following analyses were made by Mr. W. F. Hillebrand in the laboratory
of the United States Geological Survey. Both analyses are of specimens of the
purer and more massive portions of the wolframite. No. I is of a specimen
taken from the Two Strike mine in Yollow Creek, It is complete, and may be
assumed to show the average composition of the wolframite. No. TT iy a‘spéci-'

. aBlack Hills Mining Review, vol. 5, No. 32, pp. 4. 15
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men from the Harrison mine, near Lead. It is, only partial, but is inserted to

show the relatively high percentage of lime.

Analyses of wolfranide ore,

bt I. II.

. Per. cend. : Per cent -
B0y < o c it e eeiidaeaidaiel.. 12,87 9. 60
W) o et m e aremmaeaaaaaaa el 61, 50 61. 70
B S S 3.8 @12, 67
T IR ...
ALy e s B2 e L.
5L 8.2 7.21
L0 L g RN L83 5,39
1 T 02 .
BaO.__.... OO 4170 I,
K0+ Na,04+Lip0n e e aeainann. e e N
1,0, below 105° O o i e e ‘ 20 e
H,0, above 105° C _____ ... .. i e e iiaaaaas VBT feeiaeiaen.
B o e e aaaaaas I
USSP 12 |
VoOy v e Trace. b.10
I Trace. [....ocuea.

1 99.64 |- ...

a Determined as FeoOy, inchides FeO, ) b #pproxmate

Assays of L—Gold, 0.05 oz per ton; silver, 0.25 oz. per ton.
Extremely minute traces of Mg, Zn, Cu, Sb, and 8n were also found.

While it is not possible to calculate from thése analyses the exact mineral

composition of the ore, on account of the difficulty of determining the form in

which the minor ingredients are present, the relative proportions of the more

important constituents may be roughly calculated as follows:

Propertivns of principal mnerals.
1 1.
i i Per eent. Per eent,
Woliramite (FeMn) WO, ....... SR el . 75. 60 A1.58
T L T 12,54 9.60
Scheelite, CAWO, o ool it it ir i it mr e eeecmea s aiaemaaaa e aanan 4.77 +27. 68
Barite, BaBO, < ccee o e LO6 |l
Ferric oxide, Fe 0y . oo it 3.85 ...
AT - Y o S 220 |,
ATSEIEC OFIAR « aeem et e e e e e e e e e e e e e L25 |ooaaias
Residual clay (kaolin)......... e 1.84 |..__...0N
{

17
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It will at once appear front these tables tlnt the 01e is contdmmftted chlcﬂv
by scheelite and quartz. The first has pr obal}]\" boen formed by the (()Illblndtlon
of ‘some of the tungstic acid with the original lime of the mineralized beds, while
the silicn may have been either a portion of the unreplaced quarts, ';\;:hich occurs
in grains throughout the couitry rock, or later formed silica, introduced at the
time of-mineralization.

For met;a]lmgl( al purposes it is probable that th(- minor const.ituents: such
as arsenic, vanadlum. and especially phosphorns, may seriously impair the utility
of the ore. Analysis No. 1L is interesting. as showing a relatively large proportlon

“of. scheelite. . : e
: ' CONCENTRATION.

As¢ only the purer and more massive ore carries a sufliciently high' percentage
of tungstic acid to meet the requirements of the 5meltcr's, it has been found
necessary to concentrate n considerable portion of the m: Ltellﬂl mme([ At sone
of the mines the crude method of hand sorting und trimming off of gangue by
hammers is adopted. TFor this pﬁrposc a considerable number of men must be
employed and the cost must be heavy; but the value of the ore seems to justify
even this expense. Of late,” experiments lave been made with various wet
methods of concentration; and Forsythe discusses In some (fetail the several
processes which have been tried. He shows that the _chicf'd‘ifﬁculty lies in the
production of slimes, and that, in cases where considerable gold values occur in
the ore, they pass into the concentrates dnd not into the tailings. This difficulty
is, however, of mihor importance, as the ore rarely carries any appreciable
amount of precious metals. At the time that the mines were visited it was
Suggesfed that these ores, which are quite strongly magnetic, might readily be
sepurated by the Wetherill Conceubmtor? and in the opinion of the writer the
difficulties that have been encountered might thas be obviated. It will be
interesting to note the result of such experiments, -

VALUL.

The Mineral Industry for 1899 shows that the tungsten market is a somewhat
fluetuating one, and it is not therefore possible to give any exact idea of the
value of the ore; but it is reported to have heen sold at from $100 to 250 per
_ton according to the percentage of ‘tungstic acid prescit and the date of sale.?

DISCUSSION. . .

. o

“ Woltramite is not u common mineral, and its occurrence in bodies of suflicient
size to be profitably -worked is rare. Deposits have been found recently in
Arlzom and Nevada and at a few other localities in the Uniited States.©

aBlack Hillg Mining Review, vol. &, p. 15

sIbid,, p. 15,

« A very comprehensive summary of the tungsten deposits of the United States may be found in the volume of the
1. 8. Geol. Survey on Mineral Resources for 1893-1900, pp. 300-304,
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So far as the writer has been able to determine, the associations in \\hmh
wolframite orves arc found are two: . .

As w constituent of pegmatitic granites, usuaily of the t}ype‘ known ag
greisen, and frequently more or less closely associated with ores of tin.  Such
deposits occur in the Black Hills in the Nigger Hill and Etta tin districts, but
the material 1s there crystalline, and is generally believed to have resulted from
preumatolitic action. ' -

9. In quartz veins, in granite or other rock of related character. Most of
the more recent discoveries belong in this class; for instance, those in the-Dragoon
Mountains of Arizona; at Murray, Shoahone County, Idaho; Osceola, Nev.; San
Juan County, Colo.; ete. .

The familiar case of the Wolh.umte of the Cornwall tin region is in part

comparable with both of these tvpv

It will ‘at- once appear that neitber of these two (,lw,ses of deposits hears any
resemblance to those under discussion, and it is evident from the manner in
which the ore oceurs that it is to be ascribed to the same mineralizing ageuncies as
the deposition of the sibceons oves. The assoetation of the latter with fractures,

“the oceurrence in an easily replaced rock, and the manner in which original

strnetures have been preserved in the ore have been shown to prove that they
are due to the replacement of carbonates by siliceous materinl.  In the case of
the wolframite there seems no reason to doubt that the same series of events has
taken place, although a partial replacement of quartz may have oceurred at the
sume time.  First there was a fracturing of the country rock, then the replacing

. action of mineralizing waters which gained access to the replaceable strata by

means of the fractures, and finally a pradual interchange of carbonate (and
possibly of some quartz} for wolframite, molecule by molecule.

LEAT AND SILVER ORES,
LEAD-SILVER ORES OF GALENA AND VICINITY.

The greater part of the data upon.which the discussion of these cres—at least,
in the vicinity of Galena—is hased is taken from the field notes of Mr. G. W,
Tower, formerly of the United States Greological Survey. The writer has merely
assembled - Mr. Tower’s descriptions and formed from them the generalized
statements that follow, ' .

The lead-silver oves.of Galena and vicinity onece filled an important place in
the mineral production of the northern Black Hills. About twenty years ago. a
smelter was'in operation, and several mines were producing heavily, thie Richmond

Sitting. Bull mine especially having figured guite prominently in the silver
production. Smith? gives the total output as “little short of $7 50,000.”

a Mineral Resources, 1899-1900, pp. 300-304. bTrans. Am. Inst, Min. Eng., vol, 22, b, 427.

i
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After a briet period@ of activity, however, operations were rather abruptly
discontinued, and the district- was idle until the year 1896, when operations were
resumed, although upon a somewhat smaller scale. Work is now being conducted-
in rather a desultory manner, ‘ )

Mines that bave produced this chamatﬂ of ore are situated in and about the’
town of Galena, most, it not ‘all, of them being upon ore bodics that occur in
strata of Cambrian agé. . ) ’
In' order of their importance, the principal producing mines are as follows:
Richinond (Sitting Bull}, Florence, Ilester A., Coletta, Merit No. 2, Cora, Car-
penter, Alexander, Romeo, Fl-Refugio, and Washington. :

* ‘The ore that occurs in these mines i3 as » whole of a much more basic ehar-
“acter than any found In the more westerly ore deposits heretofore described.
When unoxidized it consists chiefly of pyr.il:,e, which is cither massive or more
frequently disseminated through the body of the country vock. With the pyrite is
associated argentiferous galena and not infrequently small gquantities of spbalerite.
-In many cases the galena oceurs in seams iu the pyrite or as druses of minufe
erystals lining the interiors of cavities. 1In all cases where found unoxidized these
two minerals arc associated in' this manner. The galena is, therefore, of Ilater
origin than.the pyrite. Occasionally the latter carries low values in gold, but these
are unimportant, the values that render the mines workable being contained in
argentiferous galena. In- most eases there is but little silica associated with the
ores, but in the Florence and Richmond (Sitting Bull) considerable amounts of
secondary silica are found in intimate association with the deposits. In such
cases the body of the ore is composcd largely of secondary silica and pyrite and
resembies in the mode of its occurrence the vefractory siliceous ores. Through
the silicified material are scattered irregular bunches and stringers of argentif-
erous galena and pyrite, but the relations of the two can not be definitely. deter-
mined. The sphalerite is not an essential ingredient, but oceurs at times in small
amounts. The ore lies in shoots or long lenticular bodies of varying thickness
or width. 'These follow vertical fractures which traverse the Cambrian strata and
the intruded porphyry bodies indiscriminately. They sometimes strike in a single

direction; at others, form several mter%ctmg systems.  The trends of the fractures
are usually constant within any single mineralized area. Displacemcat along the
fractures is generally very swall, but in some cases throws of as much as 4 feet
are observed.gThe shoots vary in width from scarcely perceptible seams to flat
bodies as?mug:h as 20 feet wide; the thickness is generally from a few inches to 2
feet, thoughiin some instances it is as much as 4 feet. When the fractures are
open the ore generally fills the intervening space. The rock in which the ore
oeeurs is either a quartzite containing considerable caleite as & cement to the

, .
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sand grains or a shaly limestone that is presumably dolomitic. The ore bodies
usually lic in the_upp_nermost layers of these ore-bearing beds and ililrnediately
beneath a capping shale, the fractures sometimes extending beyond the shale beds
and sometimes terminating in them. This ore-bearing rock 'in the Florence and
Richmond, El Refugio, and Alexander mines is about 300 feet above the Algon-
kian, presumably necar.the top of the Cambrian series. In the Carpenter and
Washington the ore-bearing rock is about 100 feet above the schists and iy an
impure and sandy limestone; in the Merit No. 2, Cora, Hester A., Horseshoe,
Comet, and Romeco it is-a calcareous quartzite at or near the base of the.Cam-
brian and not more than 30 feet above the Algonkian schists.”

The lead-silver values in these ‘ores are very unevenly distributed. Much of
the ore from the Sitting Bull mine was rich, containing 2,000 ounces of silver i)er
ton, but generally the grade was very much lower and considerable quantities of
the ore yielded only 6 or 8 ounces per ton. ’

In the mode of their ogeurrence these sulphlde deposits hear a strong resem-
blance to the refractory :,lllceom ores, but are of much more basic composition.
Both occur in the form ot shoots which follow vertical fractures and constitute
chiefly replacements of the culeium and magnesium carbonates of the country rock,
It is, however, probable that the veplicement in case of these more busic ores
has not been entirely confined to these more readily soluble constituents. While

the oxidized conditi_on of. most qf these ore hodies renders it difficult to obtain

evidence on this point, it is not improbable that a considerable portion of the quartz
"in the country rock has been tep]aced by pyrite and galena.

Age of the mineralization.—The fractures alon}: which the ore dep081t10n has

taken place cut the etuptlve ‘and fillings of sulphlde frequently extend into the
porphyries. The mineralization is, therefore, subsequent to their intrusion.

.



CHAPTER 1.

ORES IN CARBONIFEROUS ROCKS.

The gray limestone of the Carboniferous carries two distinet varieties of -ore:
(1) Ores of wold and silver; (2) ores of lead and silver. The latter class of ores was.
in past years of very considerable importance; but the single locality from which
"they were obtained has long since been worked out and they are now chiefly of
historical interest. The gold and silver ores are of the refractory type and of
compuaratively recent discovery, but they are of smull size and of minor importance.
1n general the Carboniferous rocks have not figured largely in the mineral produc-
~ tion of the region. C ’

GOLD AND SILVER ORES.

As stated above, these orés are of the refractory siliceous type. They include
the deposits found in the vicinity of Ragged Top Mountain and a small prospect
" found in the neighborhood of Galena. '

,  RAGGED TOP DISTRICT.

West of the eclevated region, about Crown Hill and Portland, is a broad, flat,
plateau into which streamns have incised deep eanyons with abrupt, precipitous walls.
This plateau is formed by the thick, massive strata of gray Carbonifetous limestone
which extend with a slight northerly and westerly dip as far west as the edge of
Speartish Creek, heing then cut through to the underlying Cambrian by the deep
and precipitous gorge through which the waters of that creek find egress to the
surrounding lowlands. Just east of this canyon there rises from that portion of
the limestone platcau that lies between t}_ie two forks of Calamity (ulch and the
low, rounded dome of Ragf_fed Top Mountain, a laceolith of phonolite intrudéd at
the base of the Carboniferous formation, and now exposed ahove the surrounding
country by the erosion of the uplifted covering. In the flat limrestone that surrounds
this phouolite mass are the ore bodies, upon the strength of whose discovery the
towns of Balmoral, Preston, and Ragged Top were built. It was formerly thought
that these limestones would vield only lead-silver ores similar to those found about
4 miles north at Cal'bona.te: but in 1896 a miner named Wall made the accidental
discovery of rich ores of cold occuring aé'irrcgu]ur bowlders of silicified limestone
‘upon these limestone flats. A typical mining excitement followed and a rush of

prospectors to the l'egioll cansed the rapid growth of the above-named towns.
172 - . : 1 -



GOLD AND SILVER ORFES IN CARBONIFEROUS ROCKS. 173

The mines that have viclded ore are the Dacy group, the Ulster, the Pete
Hand prospect, and some small mines on the southern slope of Elk Mountain.

B

DACY GROU T.

The Dacy group comprises a series of seven nearly equally %paced vertical
fractures just north of Ragged Top Mountain and separated from it by Jackass
Gulch. Taking them up - from east to west they have the following strikes:
1\ﬁ:”OO 10} JN._52° B, N. 879 E., N, 58° K., N. 36° E. ,and N. 59° E. The seventh
is'of compambn‘bl\ sm'ﬂl importance, Numbers of smali tlrlptul es of Lompdrati\'ely
insignificant size were also observed. PL XVIL (p. 214) gives an idea of the
relation of these. fractures to the géology.

These fissures are of various widths at the surface, a maximum being about 10
feet, from which they range down to extremely minute crevices. In the lower
portions, where surface alteration has not been extensive, the ore can be ohserved
to pass laterally into the limestone walls without disturbing the structure of the
latter rock. Tt is of a uniform light-butf tint which is so nearly the color of
the surrounding limestone and g0 perfectiy preserves the structure that by the
eve alone it can- be distinguished from the unmineralized country rock only by
superior hurdness and shght vellow tinge. Nevertheless the lines of demarcation
at cither side of the ore body, it examined closely, are sharp and somewhs
undulating.  The mineralized- zone generally narrows downward so that at
maxitnmm depth of about 60 feet(?) the ore bodies are represented by mere
streaks.

The ore when followed up to the surface becomes more and more bowlder-like
and broken on account of the irregular manner in which the- disintegration has
occurred. The gossan itself is composed of lurge irregular bowlders of extremely
hard siliceons materind, stained red and brown by iron oxide, and composed of
breccinted and irregular fragments of limestone, now wholly altered to silica and
containing many sharply .angular cavities lined - with” druses of quartz crystals.
Cavities confaining caleite crystals are not infrequently encountered, but oceur,
so far as known, in the poorér quality of. ofc.” These bowlders are grouped
in linear arrangement so that they outline the position of the fissure.

Much of the ore is compmed of angular brecclated fragments of what was

formerly limestone, but has been wholly altered to silica.. . The ore hears strong’
1cacmblmem to the brecciated limestone that is found at mdm’* points_in the

o T
Carbonifercus areas where there have been dynamic disturbances but no mifer-. -

alization. Many fine thread-like crevices, stained by a pecuhal pmklbh brown
oxide, in addition to the silicification, have been- found associated with these ores.
All of this was formerly supposed to be iron oxide, but considering the large
amount of teliuriun present in the ores it is not improbable that it may contain
an oxide of that metal.
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“

MICROSCOPIC AFPPEAHANCE.

Exammed undex the II]]LI()&:(,OUG the ore is found to consist chleﬂy of see-
ondary quartz in irvegularly bounded individuals, which do not show crystalline
boundaries except where open spaces have allowed their formation, A little
opaline silica is also present. - The yellow color seems to be duc to the presence

' ; of a.uniformly distributed pinkish-brown pigment, which is spread hetween. the
;c_rl'ains of yuartz in such thin films that its charaeter can not be definitely deter-
'mmcd - Some of the richest portions ot the ore show excessively mmqte opaque
partu’len, that may be metallic. In onc specimen ot ore,,cauvmg $3.05 -per ton,
a small speck of metallic mineral rescrubling sylvanite was detected, but-in gen-
eral tellurides, if present, have been completely oxidized.

CHEMICAL CITARACTER.

)

[ NI ST

Two analyses are given below. No. I was taken from the paper by F. C. Smith. e
No. IT was made by W. F. Hillebrand in the la,boratory of the United States

. (reologlcal Survey. ) .
l I ' I,
. ; Per cent. Per cent.

. S0, -+ cre e r e e . 90.990 96,27
AL L e, U S 2,670 \ .26

)N S e U .26
FeO e e vmmcmmmean R, emaan 3.024 19

! MgO ...... e e rereeaas et aoan Trace. .19
Cal ... U el e R 1. 138 1.16

Baly e eeeeeense.|  Notdet . 0B

NayO oo, e SRR Not det. .0
K0O...... e, s R Not det. 11

L7 e ceee--| Not det. Strong trace.
H,0--105° ... Semeneees R EELEEEEEPEPPEPEEEPR ORI } ‘ 110 - - .03
H0+-105° . ...... e e e s _ 42

o S AU R . .96

Volatile matter ... ... e CB02 | e

> T et e ieaeaeaeoas et eimeaenaeaa Not det, B )

§ 5,053 c. 06

b, 003 ¢, 02

L ‘ _ : _ b. 091 403

“f\_/ﬁgm ................ e S 99,181 | - 100. 12

e Trans. AmesInst. Min. Eng., vol. 27, p. 41877

bThe writer hag mken the llberty of caleulating out the pereenmges of Au Ag and Te, given by Profe:sor Smith
"/ L in oanées, and adding thef to the same total. .
- : . ¢ Direct deter:pmation. \ .
B e . e : & Perhaps low. R
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By assay (ounces per ton of 2,000 potuds).

1 i1
T - e e e e e e e e e e e e 29,28 | iaeeee..
ATl e et e . 17,34 15.25
A e 1.21 4.7

The silica will’ be at once seen fo constitute '(1111'1_055 fhe entire body of the
rock, only a small amount of calcium and magnesium remaining unreplaced. _The
alumina probably repreéents gome original Impurities in the replaced limesltun.e
as also the soda, potash, and lithia. The volatile matter in ana]yals No. T is
probably equivalent to the CO, in No. II, the latter lngredmnt Iesultmg from a
small amount of carbonates in the ore. Tt scems probable that the iron in No. I
is not all ferrous, but some should be given as ferric iron. It is cnstomary in
the analyses of these ores, which are made for comnereial purposes, -to calculate
all the iron as ferrous, The alkalies were probably contained in the original
limestone and the small amount of harium may have existed in that rock or have
been introduced at the time of mineralization,

At the foot of analysis No. I in the paper on. these ores Profe:.sam Smith
makes the following statement:

Combining the gold, silver, and tellurium in the above analysis we find themn existing in the

following relative percentages:
' Ter cent.

Y T 1 ¢ U ... GL.20
GOl . it e eeeia - measaceesmascsteasmaremmaam—memeaann 36. 27
L8 R U 2.h3

Total...vueemnn.. e e i 100, 00

This closely approximates the composition of sylvan'te according to Klaproth’s analysis.

It will be noticed that in Analysis II the propoitions are different, the per-
.centage of silver being greater and that of tellurium relatively low. Some of
the tellurium may, however, huve been remov ed during the process of alteration.
“The sulphur shown in Analysis 11 may perhqps be combined with a por mon of
the ferrous iron in the form of pyrite. . )

On the whole the presence of tellurium in these ores scems to offer the st
plausible. explanation of their refractory character, and 'in—the" light of present
knowledge it is not easy to suggest any other. cause that will décount_for the
difficulty of treatment.

\IETALLIU STREAK MINE. -

B o Sl

This mine is situated on the southwest blde of Ragped Top Mountain, ]ust ACTOSS
Calamity Guich, on the top of the limestone plateau. It comprises a series of shl-. -
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low diggings from which are quarried flat bodies of red-stained limestone that are
reported to carry as high as $10 to .$25 per ton in gold. Associated with this
ore are certain ivregular patches of siliceous material 1'esen1blir1g' the Ragged Top
ores in many respects, but carrying less gold, and often heavlly lmplurnqted
. with purple fluorite. The latter material also oceurs in dense, sandy masses and
in general does not carry much gold. In a few cases.there are masses of bree-
ciated material parallel with the bedding, cemented by brown-stained silica. The
+ deposits are small and irregular and now so decomposed that their relations can
not be readily appreciated.

- ULSTER MINE.

The Ulster mine is situated on the north side of Long .Valley about one-third
of a mile north from the town of Preston. The country vrock is Carboniferous
limestone. . A little north of the mine is an irregulir hill composed of eruptive
rock, while 'the mine is also intimately associated with irregularly intruded masses
of rhyolite and phonolite. The ore oceurs as irregular masses of silicified lime-
stone with which are associated quantities of brilliant purple fluorite. These
masses are genervally in the limestone at the contact of that rock with irregular
bodies of porphyry. The porphyry is oftén so decomposed as to he little more
than soft clay. The portion containing fluorite is usually lower in gold than

' other parts of the rock, and the highest values are contained in the dark-colored
silicified limestonc. Much of the ore from this mine carried very high values,
some of it yielding as much .as $2,000 per ton in gold. The greater part of
the ore was taken from surface workings and from a large number of shallow
shafts, but the conditions are now such that but little can be made of the gen-

eral relations of the ‘ore. )
‘ Irregular bodies of silicified limestone have been: found at many localities

f at various points, on this limestone plateau, both northward as far as the junction R

of Spearfish and Squaw creeks, and southward to a point south of the Burling-
ton and Missouri River Railroad. . Many of them, such as the Pete Hand prospect,
carry a moderate amount of gold, but none at present writing sufliciefit to admit’

Y

“of mining oper: atlon

N

t .=+ .ORIGIN OF THE ORES,

e,
e

“The treneml character of the ores is such that they may be readily seen to
i‘xgbnnéﬁ;cements of limestone by silica and fluorite with small quantities of gold,
silver,and tellurium. Whenever sufliciently exposed to admit of observation they
arc associated with fractures which,.in .the_case of Ragged Top deposits, have been
traced downward- fof more than 300 feet. If it is: assutned that the deposits were
fonned by ascending solutions the dlffermw Tithologic conditions wﬂl account for

a




LEAD AND SILVER ORES IN CARBONIFEROUS ROCKS. 177

v .
their difference from the siliceous ore bodies, which is chiefly one of form. The
country rock here is a wmassive, homogeneous limestone in which there seems to
be nothing that would favor a concentration of ore at any l)ztl'tiélllal' horizon,
whereas, in the Cambrian deposits, there have been impervious shale beds or sheets

of porphyry which have caused the mineralization to spread out away from the =~

verticals at definite horizons.
LEAD AND SILVER ORES.
CARBONATE DISTRICT.

On the north side of Squaw Creek, near the point where it enters Spearfish
Canyon, is the town of Carhonate. This was u flourishing camp in 1886 and
produced considerable silver und lead. A smelter was built and during a number
of years was in active .operation. The production of the Iron Hill mine, the
largest and most important mine in the district, is given below. It is probableé
that considerable ore was produced by other mines which were active from time
to time. For the vears 1889 and 1890 no output is reported, and it is probable
that the mine was idle during that period, although the writer could “obtain no
definite information on that point. ‘

Production of Iron Hill mine, Carbonaie camp.

1885 wne e s e $13, 394
1880 e e e e e el Cee.. 372,120
88T oo e 250, 942
BBB - o oo e e e 15, 000
T8O - oo e e e e e e e B TE2

L TR e eeemo.. 667,218

~ The country rock that carries the ore in the Iron Hill mine is the gray
Carboniferous limestone in which sills, dikes, and irregular masses of porphyry
have been intruded. The ore- bodies are of two kinds: large, irregular bodies of
lead carbonate, which pass in places into more or less unaltered galena, generally
_in close contact with porphyry masses; and partially filled crevices which resemble
in a general way the verticals of Ragged Top described on page 173. l
~ The first type of -deposit is that which has formed the chief sotdrce of silverin the
district, ands silver, as shown above, was largely cobtained from the Iron Hill mine.
In this mine the ore was a large mass of argentiferous lead carbonate which ex-
tended down for 300 feet on the east side of a thick dike of fine-grained “white
porphyry. Much galena was also found together with the .carhonates, and after
the ore was worked out a seam or vertical’ was detected extending downward
from the main mass. Other pockets of ore were also found at different
points, and in one place a pocket of . vanadinite, containing 4 or 5 tons was en-
. 4987—No. 26—04—12 L T
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countered, Mr. Fowler reports the occurrence of the following minerals: Galena,
cerussite, corargyrite, matlockite, wulfenite, pyromorphite, plattnerite, atacamite,
and vanadinite.  This type of ore resembles in its general character and in its
association with porphyry bodies, the deposits described by Mr. S. F. Emmons,
from Leadville, Colo.® Too little is known, however, regarding the details of the
ore occurrence to afford any more definite idea of the manner in whu,h it origi-
nated than the simple fact that it is prohably a 1eplacoment of bhe limestone.

Of the sccond type of oceurrence the most important case is that at the Seabury
mine.  This consists of an irregular crevice striking 8. 85° W. and running
through the Seabury, Iron Hill, Segregated Iron Hill, and Adelphi mines with
a possible continuation in the Spanish R, @ mine in which some ore was obtained
but at too great a distance for its relation to the others to he clearly made out.
This crevice varies from 1 to 20 feet in width. The sides consist of a ferruginouns
jasperoid matertal which replaces the limestone often for 2 or 3 feet from the
crevice and contains at_times galena, lead curhonates, and Lurargynte in suffictent
amount to he plof’tabl} worked. Cerargyrite most frequently occurs as a thin
film covering druses of fine quartz crystals which form linings to cavities.

The center of the crevice was loosely filled by a soft, ferruginous, gouge-
like pinkish-red matter containing gold. A  large quantity of ‘this ore is
reported to have been mined from the Seabury, and also from the west side of
the porphyry dike in the Iron Hill. ’ ' ,

To the north of the Seabury mine is a series of shafts situated along a line
which strikes N. 74°© W. These are the Far West, Rattler, Enterprise, Wilker-
son, and Hartshorn shafts, None of them are now accessible, but they are
reported to have been sunk on a second crevice of similar character to that just
described.  Only small amounts of ore were obtained from these workings.
Numerous other small iron-stained semms or partially opened crevices may be
observed in different places on the surface, but they do not seem to have bheen

+  productive. ’ .
. Since 1891 there seems to have been but little work done in this dlstrlct no
output bemg recorded for that peried. Within the last year, however, a small
85-ton cyanide plant has been erected to treat the tailings from the old smelter.?

e Emmeons, 8. F., Geology and Mining Industry of Leadville, Colo.: Mon. U. 8, Geol, Survey, vol. 12, p. 886
bFujton, C. H., Bull. South Dakota School of Mines No, 5, p. 65.
- m——— . .
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CHAPTER 1IV.
ORE DEPOSITS IN ROCKS OF RECENT OI{IGiN.

PLACER DEPOSITS.

At many -points throughout the hills auriferous gravels of comparatively
recent origin have heen” worked, and constituted in early days the most
important source of gold in the region. Here, ns in many mining districts,
their discovery evidently led to that of the large and morve permancnt Jlodes.
Nearly all of the large gulches that lie well within the Black Hills uplift contain
gold in some quantity, but it is chiefly those that head up in the areas of
Algonkian rocks that have yvielded large returns.. The productive placers have
been found in greater numbers in the southern portion of the hills than in the
northern, but of those in the latter region the famous Deadwood placer and
Nigger Hill -placers have been important. The gold in these placers is all derived
originally from the Algonkian rocks, for as the siliceous ores contain free gold
only in rare instances it is not probable that they have added to the placer gold:
derived from other sources. The great comparative richness of the Deadwood
placer has been shown by Devereux to he the result of a double concentration—
first, in the formation of the fossil placers or cement deposits at the base of
the Cambrian, and, later, in the sorting of the material derived by their disinte--
gration. The Nigger Hill placers are comparatively small but numerous and

have yiclded rich returns for the arvea mined. When the gold from these ores —

is panned it is found to be mingled with great quantities of tourmaline ‘and
cassiterite and innumerable small red garnets, typical minerals of the Algonkian
rocks, while to many of the nuggets and grains of gold are found attached
fragments of glassy guartz, and in a few cases flakes and small masses of talcose
schist. Some speculation has taken place regarding the richness of the lode from
which the placers of the Nigger Hill region seem to have’ originated and
prospectors have been at considerable loss to explain the continued failure to
find the mother lodes. It iz well, however, to bear in mind that nature is a
natural concentrator and that rich placers may readily have heen derived from
179

—

—



,.180 ECONOMIC RESOURCES OF NORTHERN BLACK HILLS.

quartz ledges in which the pold was so sparsely distributed as to offer” no
encouragement to -the' prospector. The continued action of erosive agencies

through great geological ages by operating on great quantities of material has
concentrated the nuggets of ‘gold and made them easily accessible to the miner,
when in their original condition they may have been sepavated by so greai areas
of barren rock as to admit of no mining operations. In general the placers are
not now productive. Many of those worked out are still yielding very small
quantities of gold and enable some of the poorer miners to carn a livelihood,
but as a factor in the mineral wealth of the hills their importance is largely

historical.



CHAPTER V.
DETAILED DESCRIPTIONS OF MINES,

This chapter is designed to include detailed descriptions of mines which have.
not been separately treated in the previous pages. The mines have been grouped
together comformably with the general arrangement of the paper; that is, basal
Cambrian conglomerates are first treated, and then the refractory siliceous ores.
As the mines working upon the other types of deposits are but few in number,
their descriptions bave been given with their general discussion and are not
repeated here.

MINES IN AURIFEROUS CAMBRIAN CONGLOMERATE.

These mines are situated in the vicinity of Lead on the gold-bearing con-
glomerates at the base of the Cambrian series, isolated remnants of which lie on
the tops of hills of schist, such hills forming an old Algonkian surface which
dips in a general way eastward from the Homestake outcrop. .

There are five productive areas, all but one of which are located on the east
side of the Homestake lode. The remaining one ig on the hill between the Home-
stake open cut and Poorman Guleh.

Beginning on the north the following mines have been worked on the four
areas to the east of the Homestake (see Pl. VI). On the north side of Blacktail
Guleh, beneath the heavy cap of rhyolite, the Minerva and Deadbroke mines have
opened up a large area of gold-bearing gravel. These mines huve been described
on pages 106-110. Between Blacktail and Hidden Treasure gulches are the
Baltimore and Deadwood, Esmerelda, and Hidden Treasure mines. These are
now inaccessible. On the area next south, which lies on the crest of the divide.
between Blacktail and Deadwood gulches, are the Pinney open cut, Omega, and
-Deadwood-Terra mines. The first two are described below and the third was
not visited. :

About 1,600 feet southeast of the last-named area, beneath the thick cap of
rhyolite which forms the top of a high hill just east of the Caledonia open cut,
are the Hawkeye-Pluma, Gentle Annie, and Monitor mines, which have opened
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up a large arvea of gbld-bearing conglo’merate» These three mineg, the Monitor
in particular, have been very important producers, and they are described in
detail below. ' S

On the west side of the Homestake lode, between the IHomestake open cut

and Poorman Gulch, is the rémaining arvea which was worked by the Durango
and Harrison mines. Descriptions of these mires will he found on page 105.

Pinney open cul.—This is th most northeasterly of the 3 mines operated on
a small area of conglomerate occupying the divide between Deadwood and Bobtail
guléhes. It is located on the extreme north end of a small spur, hence just east
‘of the buried outcrop of the Hoimnestake Jode. It was one of the earliest opened
«mines of gold-bearing conglomerate in the region and yielded much rich ore,.all
highly oxidized. White quartz in the nature of broken ledge matter is said to
have been mined from here, yielding very rich returns.

Oinega mine.—Southeast of Pinney open cut are the workings of the Omega
mine. A tunnel runs west fron the upper Terraville road through Algonkian
schists and the ore is mined through raises into the conglomerate above. The
conglomerate is about 12 feet thick and lies under a roof of friable, shaly sands.
The stopes of the old mine are largely caved. The conglomerate was oxidized
and contained a great number of fragments of schists of somewhat angular
character; the remaining material was oxide of iron. Lenticular masses of quartz
were encountered in the schist. They strike northwest and dip cast, and are
said to carry free gold in workable amount. They are supposed to be small
veins parallel to the main Homestake ore body. The value of the ore in the
Omega mine is reported by the management to be'$6 per ton, of which $1.80 to
$2 can be saved by mwalgamation., The rest is refractory and ecan only he
extracted by cyaniding.

MONITOR, GENTLE ANNIE, AND HAWKEYE-PLUMA MINES.

These three mines open up the area of gold-bearing conglomerate that lies
beneath the heavy porphyry cap on the hill east of the Culedonia ore hody. The
floor of this area slopes sharply east away from the summit of the hill. '

Monitor.—The most northerly of these three, the Monitor, is opened by a
tunnel at the head of the South Fork of Bobtail Guleh. The tunnel extends south-
eastward and the workings run east and south so as almost to connect with those
of the Gentle Annie and Hawkeye-Pluma mines. The tunnel which opens up the
mine is in the Algonkian schist some distance below the conglomerate outcrop.
It passes southeastward through schist into a large basin-like mass of conglom-
erate ih which great chambers, often 20 feet high and 100 feet wide, have been
excavated, The roof is a friable, cross-bedded sand, often loosely. coherent and
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interrupted by bands of a finer texture composed of sand, scales of mica, and argil-
laceous material. ln the roof is a series of iron-stained fractures following many
different directions and intersecting one another. Some of these can be traced
down into the ore, where they become lost among the pebbles of the conglomerate.
The latter contains many Vél‘y large howlders and numerous frag*ments of schist.
It is cemented by oxide of iron, but in many places this passes gradually into =
.natrix of pyrite. Where the workings approach those of the Pluma mine little
or no oxidation has taken place and the quartz pebbles are embedded in a solid
pyritic matrix sometimes showing cavities lined with druses of the same mineral.
The conglomerate is frequently interrupted by interhedded layers of quartzite.

Gentle Annie.—The workings of this .mine are situated ecast and slightly
north of those of the Monitor. They are opened by a tunnel at the head of the
gulch next east from Bobtail, which is tributary to Deadwood Creek. The
conglomerate in this mine is underlain:by a sheet of rhyolite which has heen
intruded between the conglomerate and the schists. As the porphyry dips south
the drifts cut through it into the overlving conglomerate, and at the extreme
southern end of the mine the latter rests directly upon the Algonkian schists,
the porphyry having passed downward into the rocks of this series. The
conglomerate, where exposed in the stopes, shows a thickness of from 9 to 6
feet, but only the buasal portions have been mined and the actual roof has not
generally been reached. The greater part of the conglomerate is unoxidized,
the pebbles being imbedded in a matrix consisting largely of pyrite. The
porphyry is itself impregnated with pyrite, although no inerease in this mineral
could be detected near its immediate contact with the overlying ore.

' Huwkeye- Phwina.—To the south of the Gentle Annie is the third of the three
mines operated upon the Caledonia conglomerate area. Here the hill is capped
by a heavy sheet of rhyolite, under which is dolomite, quartzite, loosely hedded
sands, and finally about 40 feet of conglomerate, the lower portions of which
arve gold bearing and rest upon the Algonkian schist. The mine is opened by a
shaft and four tunnels. The tumnels run westward from the brow of the hill
through the schist into a bagin of conglomerate, the gold-hearing portiém of
which forms a channel trending in 4 general way north and south, and with an
avernge width of 60 feet. This channel is nearly. 1,300 feet long, and strikes
about N. 60° E. for about 400 feet in the southern and a few degrees west of
north in the northern’ 900 fect. It lies approximately 200 feet west. of . the
outcrop. On the ecast side of this channel the schists rise very gradually, so
that the three northerly tunsels soon pass from it into the overlying conglomerate,
but én the west the rise is extremely steep and the ore is cut off -hy the
sandy beds that form- the roof. An incline has been Tun on tﬁis western contact,
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and farther south n tunnel has been driven for 375 feet into the schists, upraises
having been made to the contact above. These relations may be readily made ont
from Pl XVIII (p. 214). The ore is nearly 40 feet thick in places, but the average
would probably not be more than 6 or 8-feet. In the northern end of the workings
the greater part is still in the pyritic condition, the oxidation having been confined
to the southern portiton of the ore body. When panved both pyritic and oxidized
ore show fine scales of \w'_ziterw'01'n gold,  Statements are conflicting as to the.
value of the material which has been removed, but from the Tact that the mine
was profitably worked in very early days it is probable that the grade was guite
high, A series of assays of the ore now exposed in the workings, made during
a systematic sampling of the mine, shows that the high values of from $10 to $12
per ton are contined to the material forming pillars in the center of the stopes,
while the marginal conglomerate does not contain sufficient gold to be profitably
worked. The mine has now been idle for some years.

Ty

BIINES IN REFRACTORY SILICEOUS ORES.

As previously deseribed, the refractory siliceous ores occur in five fairly well-
defined areas, each of which is separately considered in the following pages. The
individual mines are described 'and no attempt bas been made here to give a
general geological treatment of these areas, because such will be found in the
main body of the text under the heading *‘ Areal distribution” on page 144.

BALD MOUNTAIN AREA.

‘'The Bald Mountain area is the largest and includes the greatest number of
mines from which ores of this class are obtained. The ore bodies are taken up
and -described according to rough groups in which they may for convenience of
description be divided. These are shown and named on the map, PL IX (p. 214).
The individual mines are described from north to south within the limits of each
group except where a mine occupies intermediate position.

Buston mine.—The Buxton mine is situated on the eastern extremity of the
divide between Novada and Fantail gulches, just above the loop in the Fremont,
Elkhorn and Missouri Valley Railroad. The workings are upon the basal quartzite
and were opened by tunnels én opposite sides of the divide; they are now inac-
cessible: The ore shoot is vory near tho surface and is reported to have had a
general north-south direction. The mine was an exiremely rich one, having’
produced high-grade ore in considerable quantity.

Lletriever mine.—About 800 fect west of the Buxton is the Retriever mine.
The ore is in or near the basal Cambrian quartzite, on’the same divide between
Nevada and Fantail gulches, upon which a long tengue of still uneroded Cambrian
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lies between the Algonkian measures- exposed in the‘gorges te the north and
south. Tt is opened by two tunnels; one at the north and one at the south end
on opposite sides of the divide. -Below the quartzite which forms the floor of
the ore hody is a thick sill of diorite-porphyry. Above the ore is another sill
of the same rock. The dolomite intervening bhetween the quartzite and ()\'er}ying'
porphyry is up to 5 feet in thickness. One ore shoot ounly, which follows a frac-
ture that trends slightly west of north, was found in. the mine. The fracture or
vertical extends uwpward from the ore into the porphyry, proving that not only -
the ore, but also the fracture, is of later age than the porphyry. -,

Stewart 1nine.—The Stewart mine is located on the divide between Stewart
and Nevada gulches and extends through to Stewart Grulch. The country rock is
Cambrian shale and dolomite, with underlying basal quartzite. The ore shoot
is ‘opcncd by two tuimels, one at the north and the other at the south end. 1t
is 1,160 feet in length, and strikes slightly east of south, with a width varying
between 10 and 60 feet. For the first 630 feet it follows two wmain parallel north-
south fractures. Four hundred and eighty feet south of the north end there is a -
small ore shoot to the southwest caused by a N. 30° E. fracture which intersects
the main vertical. ‘The main shoot here becomes naJrrow and follows a fracture
running north-south, then N. 30° E., and finally it follows a second fracture
with & north-south dircction. The cross fracture intersects each of the others,
and the ore extends only short distances beyond the intersections. The floor of
the ore is (uiartzite; the roof a fine impervious shale. To the east the mine is
connected with the Golden Reward by drifts through the barren country rock.
The workings arc all very close to the surface. The ore from the Stewart is
highly oxidized and contains higher values in gold and.silver. It exhibits in
many cases a peculiar shell-like, subconchoidal parting 1'ese-mbling the exfoliation
of weathered granite bowlders. This is a feature which is frequently obscrved
in the highly altered siliceous ores. No sulphide ore has ~been found in the
Stewart mine. The Stewart body is probably a southward continuation of the
Buxton, the intervening portion baving been removed by the erosion of Nevada
Grudeh.

Golden Reward mine.—~The Golden Reward mine is located on the divide
hetween Fantail and Stewart gulches, just east of the Stewart. It comprises two
distinct and disconnected series of workings, one forining the south end and the
other the north end. ) o ‘

The northerly workings of the Golden Reward mine and those of the closely
adjoining Tony and Maggie claims are upon the same ore shoot und comprise a
series of open cuts passing in a southerly dircction into stopes a few feet helow
the surface. The underlying rock is the basal Cambrian quartzite about 25 feet

k)
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above the Algonkian, but at the southern end of the, mine it gives place fo
porphyry, which gradually rises from the floor until the ore is completely cut
off. The roof is shale. At the north end the Golden Reward shoot attained the
unusual width of 340 feet, a width greater by 160 feet than that of any ore
shoot in the region. This ore body extended south into the Golden Reward
mine for 125 feet, and then it divided into three smaller shoots, the tpwo westerly
following 5. 30% W. fractures, and the others running in a direction \lwhtlv
east of south. Almost all of the workings are now inaccessible, but the fact that
it separates at its southern end into two series of ore-hearing fractures having
the usual directions makes it probable that its great size is due to the interscction
of numbers of north-south and N. 30° K, fractures. A north-south fault occurs
near the eastern sld(, of the Golden Reward ore body and throws the ore down
on the east side; t;hc throw is 8§ feet, gradually d&’(lLR‘:lllU‘ to nothing at the
south end of ‘the mine. Theve Is a space between the two faulted portions of
country rock of about 18 inches in width which is filled with fragments of schist
“and porphyvy. .

Biy Bonanza mine.—This mine is situated on the divide separating Fantail
and Stewart gulches between the workings of the Golden Reward on the west
and those of the Little Bonanza on the cast. The ore outerops on the north side
of the divide, where it is opened by a tunnel. The shoot is very extensive, - It
occupies alnrost the entire claim, and is often 15 feet in thickness. It rests on
quartzite and comes in contact with w large dike of phonolite on the west side.
The workings are now inaccessible.  This has been a very productive mine.

Fannie mine.—The Fannic mine is opened by a shaft situated on the southern
side of the broad divide between Fantail and Stewart gulches to the northwest
of the Little Bonanza, northeast of the Big Bonanza, and about 500 feet east of
the long shoots of the South Golden Reward. The shaft is 265 feet deep, and
aecording to F. R. Carpenter affords the following section:

Section in Funnie shaft.

Feet,
Camthrian shales o i iecemeneceaas 70
Cambrian shales, containing a little ore.. ... .. ._. e e iemmcmaeemeeaaaan 6
Cambrian shales - . o e e aeaaaa el . 4
Trachytoid phonolite-._: ......... e e e e ea s 165
Cambrian shales and dolomite L. caiaacaacal .. 12
(8] . ..... S S £

The mine is now inaccessible; but .from the forcman, Mr. R. Redda, the
following statements have been obtained: Theve are four hodies of ore. One
small shoot trends about N. 12° W., is 10 feet in thickness, and about 30 feet in
width. It lies on porphyry. West of this is a broad shoot about 65 feet in
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maximum width tronding likewise about N. 12° W., and dividing into 8 narrow
shoots toward the north. This shoot wuas possibly 40 feet higher than that to
the easi;, but was situated on or near the basal quartzite. Both of these shoots
are about 150 feet lower than the workings of the mines to the north and
west, but are on the same level with the Sundance shoot to the south, with
which the more easterly ig probably connected. To the east are two other
small and low-grade shoots trending about N. 10° W., and almost north of the
large shoot of the Little Bonanza mine. The probable cause of the difference
in altitude of the shoots Iving in and-about the Fannie mine is the intrusion of.
a sill of trachytoid phonolite from the eust. The phonolite has hroken irregu-
larly across the Cambrian so that the ore-bearing beds sometimes lie below and
sometimes above the eruptive. The ore from the main shoots of the Fannie
was of good grade and contained much fluorite.

Little Bonanza inine.—On the north side of the divide between Fantail and
Nevada gulches is the Little Bonanza mine. It Is separated by a large phonolite.
dike from the workings of the Big Bonanza mine on the east. On the west side
of this dike:is a fault that throws the basal Cambrian quartzite down 40 feet on
the west side, thus producing a corresponding difference of elevation in the dre-
bearing beds of the two mines. The Little Bonanza is opencd at the north end
by two tunnels. These follow narrow ore shoots, which trend north and south
and are separated from each other hy a slight fault of possibly 2 feet with the
downthrow on the ecast side. As one follows these shoots southward they unite
and the shoot becomes broader until 750 feet south of the opening it is 200 feet
wide, although interrupted by a northwardly projecting tongue of unmineralized
dolomite that divides it into ‘two portions.  From the nor"th, end of the mine
southward the quartzite assumes an inereasingly steep dip to the southeast,. which
at the widest portion of the ove hody amounts to 30°. Together with this
dip a series of mineralized fractures with small displacements diverge from
the slight fault at the north end, so that in the widest portion of the stope to
the south the erc on the cast side is 160 fect helow that on the west. The
amount of displacement along these fractures is generally small, though it some-
“times amounts to 6 feet. The difference in elevation of the two sides of the
ore body at the south end is brought about by dip and increase in the number of
diverging fractures rather than hy increase in displacement. The most westerly
portion of the shoot continues south at ahout the same clevation as at the mouth
of the tunnel, but divides into three almost parallel shoots. The central shoot
is 540 feet long and widens out to ahout 25 feet, and is in contact with a masss
of phonolite on the west side. A large part of the ore mined was of the bloe
or sulphide variety.
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Sowth Golden Reward mine.—The South Golden Reward is opened by four
tunnels situated on the south side of the divide between Fantail and Nevada
gulches and divectly opposite those of the Isadorah on the south. The workings
are on quartzite and above the phonolite sill that extends westward from Sugarloaf
Mountain. The ore was obtained from two large shoots trending a little west of
north, which averaged 600 fcet in length by 60 in breadth, but dwindled away at
‘the northern end. Two small shoots lay to the west of these larger ore bodies.
The mine is now inaccessible. _

Jsadorah mine—The Isadorah is worked through two tunnels that open in
the south side of Stewart Gmlch just south of the opening of the South Golden
Reward. Two small shoots werc mined. The easternmnost trends north and
south and rests on quartzite which lies above the sheet of phonolite that extends
eastward from BSugarloat Mountain; the westernmost trends N. 10° W., and lies
upon shales about 4 feet above quartzite.- A small auxiliary shoot lies on quartzite
-a few feet west of the second ore body. It trends N. 20° W., but is very
small. The mine has not been very productive. :

Sundunce inine—The Sundance mine is worked from a shaft situated in
Stewart Gulch about 280 feet west of its junction with Whitetail Creek. It is
265 feet deep and penetrated the same phonolite mass as that cut in the Fannie
shaft, probably the western cxtension of the Sugzirloa\‘r' mass. The ore is 600

feet east of the shaft and lies on or near basal Cambrian quartzite. It occurs in
‘ a single shoot 10 feet thick and of very considerable size, and follows a zone of
fracture striking north and south. The shoot had not heen explored at the time
the mine was visited, but it has since proved to be u very extensive ore body.
The strata of.the Cambrian are horizontal above and below. the ore, but dip
slightly away on the east and west sides. The ore was completely oxidized and
of very good grade, averaging about $25 per ton and in individual instances
containing much higher values. This shoot” is probably connected with the more
westerly of the two shoots in the Fannie mine.

Billy mine.—This mine is opened by a tunnel located on the west side of
Whitetail Creek just north of the mouth of the north fork of the same creck and
opposite the openings of the Ruby Bell. It runs west and intersects three small
ore shoots that trend north and south to N. 7 W. and follow groups of parallel
tractures with the same trend.  The ore lies on the basal Cambrian guartzite
beneath the heavy sill of trachytoid phonolite that extends northeastward below
the workings of the Isadorah and Golden Reward mines. This sill gradually
breaks down across the Cambrian until 800 feet west of the mouth of the tunnel
it completely cuts off the ore-bearing beds. The Billy has not been a productive
mine.
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The Ruby Bell mine s opened by two tunnels—one -in
Whitetail Gulch trendilng southwest, the other in the North Fork of Whitetail
trending southeast. There are two sheots of fairly good size, the cnsﬁerly running
a little east of- south and probably connecting with the large No. 1 shoot of the
Union mine, and the westerly running a-little west of south. : Between ave three
small shoots, which are little more than verticals and which extend upward
some distance into the shales that form the roof of the usual ore-bearing beds.
They are nearly parallel to the eastern shoot. The two more westerly are in
contact-with a dike of phonolite, one on either side.

In the south end of the most easterly shoot the ove lies beneath an extremely
even bed of fine, impervious shale, in which no verticals could be detected.
Carefnl examination of the ore in the breast of the shoot showed that fractures
were present in the ore as very slight displacements to the banding of the rock,
but that they did not extend upward into the shales that formed the roof, The
ore was of the oxidized variety. :

Lucille mine.—The workings of the Lucille are slightly to the west of the
Isadorah above the phonolite sill above mentioned, The mine was not accessible
at the time the region was visited.-

Ross-Hannibal mine.—The sill of trachytoid phonolite that extends westward.
and northward from Sugarloaf Mountain has been cut through by Whitetail

Creek draining north, and by the North Fork of the same crcek, joining it from
the west. In these two creeks are exposed the clitfs formed by the phonolite
sill which has cut the ore-bearing beds in two. The shoots of the Union mine
lic in the dolowite parting bhenecath--this- mll ind above the basal quartzite, and
‘the long Qhoot““of ~the _ “Réss-Hannibal s ‘lb()\P the sil)..The_ latter shoot

therefore lies almost dnectlv above the No. 3 shoot of the Umon ‘Which:sis_

separated from it by this phonolite parting. It iz opened by tunuels—one on the
south bank of the North Fork of Whitetail and the other running westward
from Whitetail Guleh. The shoot is 1,50 feet long and is 100 feet wide at the
northern end, from which point it trends almost due séuth and narrows to an
extremely slender ore body. South of this narrow portion it widens again and
bends east, assuming a direction about S. 27° K. The ore is from 4 to 8 feet thick
and lies at all points observable directly beneath a shale roof and upon a floor either
of dolomite or phonolite. ’Pmtmpl)lt1g shalg is extremely .even and unbroken
by verticals except in the narrower portion of the ore body, and even:then
fractures are very small,  Silicified fractures in the No. 3 shoot of the Union
below show that the ore was formed after the phonolite intrusion: These fractures
have probably supplied the Ross-Hannibal shoot.

Three hundred and forty feet from the south end of the shoot the ore wsted on’
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a floor of crystalline dolomite, but was closely in contact with an even roof of blue

shales above. This phenomenon is repeated in many mines and seems to show that

where an impervious stratum has prevented the upward flow of mineralizing waters

the silicification has extended from such impervious beds downward, reaching the

floor of unreplaceable rock that undelhew the dolomite only along the lines of
\ ‘ fracture.

The ore of the Ross-Hannibal was unoxidized sulphide ore. Tt carried about
80 per cent of silica, and contained much Huorite, A ségregation of pyrite at
the bottom of the ore body is reported by the.owners. Some of the ore contained
uranium, and, according to F. . Smith,* 255.08 ounces of silver per ton, with
but 0.44 ounce of gold. This was exceptional, however, as the ore was charuc-
teristically an ore of gold. 'The shoot was a rich one and is reported to have
yielded an average of $35 per ton in gold.

Union mine.—The Union mine is opened by a shaft situated in the bed of
Whitetail Creek about 1,750 feet south of its junction witl Stewart Guleh. To
the cast is Sugarloaf Mountain, to the west is the broad, sloping area that forms
the east declivity of Terry Peak, known as Ruby Basin.” The shaft passed through
the following rocks: ' . '

Section of Union shaft,

- Feet
Phonolite ......oun.. o mec e ae e em e mme e m e ana e aeae e aaean 80
Bhale and dolomite ... ... ... _.. e et e e e eaema e maasaceeocacs 20
QuUATrtZIte - . - i ieieiaoool e 7

™ The phonolite encbuntered in the Ehafj: s part of a large eruptive mass of lacco-
lithic character which was intr uded it-the Cambrian.series a short_distinee ahove
= thes babal’qﬁm
Trmm e T
“that intervenes between phonolite and quartzite. i

\ From the bottom of the shaft a long crosscut extends east and west. In an
easterly direction it runs 500 feet, then turns south and foéllows a 8. 50° E.
~ course for 600 feet, conunecting with the National shaft. No ore bodics were
found on this side of the shafi.” To the west it extends 2,960 feet and in this
distance four ore bodies are encountered,” known as Nos. 1, 2, 8, and 4. The
first or No. 1 shoot lies about 100 feet west of the shaft. _ It is the largest ore
ghoot of the mine, {mging from_50-.to- 200 féet-in-vwidth | by about 8§ feet in thick-
ness. It was worked at the time of inspection to 2 length of 1,750 feebt. Its
) - trend is nearly due north and south and it is plobftbly connected at its northern
end with the Ruby Bell shoot. .On the west of the ore body a porphyry dike

Tlie= worklngs of the mine have been run in the dolomite

appears at intervals and. another may be scen in the ore south of the shaft cross-

- h a Trans. Am, Inst, Min, Eng., vol. 27, p. 419]

7
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ing the shoot in a southwesterly direction. The ore in this shoot rested upon or
very close to the basal quartzite and heneath'a roof of fine, impervious blue shale,

The other three shoots of the mine lie 650, 1,500, dnd 1,925 feet west of the
shaft and all trend in a general north-south direction. They differ from  the
No. 1 shoot in lying from 4 to 6 feet above the hasal quartzite upon a floor of
dolomite through which the ore extends downward only along the supplying
fractures. The roof is of shale or phonolite.  In places the latter rock is
extrernely irregular, otten bulging down into the ore and sometimes passing com-
pletely across it and through the quartzite below. A good example of this is
given in the sketch (fig. 16), which is a portion of a longitudinal "seetion of the
south end of the No. 4 shoot. : '

A general cross section of the No. 3 shoot is given on Pl X1, /7 (p. 214).
These shoots are also narrower than the No. 1 shoot, but as they are not completely
mined out their length has not been determined.  The ore of the No. 2 shoot was all
sulphidé ore. Between the No. 2 and the No. 3 shoots the crosscut intersects a
hody of phonolite about 500 feet in
thickness, which is probably con-
“nected with the large phonolite mass
encountered -in the shaft, or that
which forms the Sugarloaf Moun-
tain laccolith.  According to those

who worked the mine asgsays of this

: : phonolite’ were made from time to .
116, 16.—Cross section of a portion of Nu. 4 shoot, Union mine. and showed values ranei -
showing=ihesconcentrution ol ore bt,nu).th un’u'r(_gulul Bhos - \'ﬂlllle and - showed  values l‘lnélng

nolite reof. - hg&& a few cents_tony much ‘15 89

in gold. Lhu rock ig extremely fresh and if these o valies Tave been mtroducsils sttbme e e
the time of ore deposition théy have been accompanied by no visible alteramon.

f

ALPHA-PLUTUS-MOGUL (ROUY.

Clinton mine.—On the south side of Nevada Gulch slightly farther below
the opéninw of the Alpha-Plutus mine are the workings of the Clinton. The
tunnel is situated at the bottom ot the gulch on the basal C(unhlnn quartzite, 65

side of the gulch. To the e.xat thl:s Hltl‘llbl\"ﬁ sill bxez_lks down across the bam-
brian, so that the workings of the Retriever and Buxton mines fo the cast are
elevated to a horizon ahove the porphyry to which the name of upper contact
has been erroncously applied. Oune hundred feet from the mouth of this tunnel
two narrow ore shoots are exposed, separated by abont 25-feet of unmineralized
rock. The longest trénds due north and south; the other slightly east-of north. —. .. -

f
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The country rock is an extremely decomposed gouge-like alteration of the dolo-
mite or ““sand rock.” At the south end a eross shoot oceurs following a vertical
trending N. 22° E., and another very small shoot trending north and south lies
a few feet to the east. The shoots dip slightly to the south. This mine has not
been a very productive one.

a-Plutus  lie beneath Bald
Mountain on the north suie 01L Nevadd (rulch and extend from the loop in the

Alpha- Plutus mine.

Fremont, Elkhorn and Missouri Valley Railvoad eastward. They constitute the
northward extension of the Tornado mine. The mine is opened by a long west
.crosscud which extends from the north side of Nevada Gulech westward for
1,150 feet. The country rock is the usual dolomitic limestone that lies directly
upon the basal Cambrian quartzite but is all in a highly oxidized condition.
Nine hundred feet west of the opening is a fanlt which throws the quartzite up
80 feet on the west; again to the west of this is the continuation of the great
Tornado fault that throws the quartzite up about 300 feet on the west side. On
the space bétween these two faults are three long, narrow ore shoots lying at the
same elevation as the northern end of the big Tornado shoot. One of these is
the continuation of the Tornado shoot and trends N. 20° E., the intervening por-
tion having been cut away by, the erosion of Nevada Gulch. This shoot is cut in
two by, the S0-foot fault, which)se(;_ms to be post-mineral. West of this about
100 feet is u shorter parallel shoot from the north ‘end of which a shoot trends
8. 12° E. intersccting the first-named ore body. On the east or downthrown side
of the S0-foot fault are sixteen nar row shoots varying from 50 to 600 feet in length
and trending N. 20° W,; N. 15° W. <N, 60°-W.; N, S5 N. 259 K., and .one small
shoot N. 459 W.= A.wdlkcs of wrmudlte stukmg,_l\d -rO‘W were cuf in

/\/’_—F"
e oo ——=xth@&nOrthern portion of the mine. These shoots are \uflely spaced and uni-

e

formiy narrow, few of them exceeding & feet in width, and are often very high,
sometiines being stoped up for 15 fect. The fractures were open and manifold
and no displacements could he observed at intersections.  All of the shoots dwindled
to mere verticals in a northerly direction.

This mine has produced considerable ore, but most of it of shcrhtly lower
grade than that on the south side of Nevada- Gul(,h "This is the only mine on
the north side of Nevada Guleh in Whlch any appreciable ~&mount of ore has been
found. B T

Tornado mine.—The Tornado mine is worked through a shaft 315 feet in
depth, situated 720 feet west of the railroad trestle in Fantail Gulch. There are
36 distinct shoots of orve in_the mine, which lic upon or close to the basal
quartzite of the Cambudn (I,I'ld about 25 fect above the Algonkian. A very good

__idea_of the relative position and size of thebe ore shoots can be obtained from

i
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the map, -Pl. IX {(p. 214). Two of them were of exceptional size, and have fur-
nished the larger portion of the output of the mine. The main; or “ Big,” shoot, as
it is termed by the owners, is the largest single body of refractory siliceous ore
vet mined. From its outcrops in Nevada Guleh beneath the railroad trestle it
extends in a direction slightly ecast of south for a distance of 1,225 fect. It then
turns to a direction S..15° K., which it follows for the balance of its. course,
At the north end it is about 10 feet in width, but widens as it is followed
inward until at a point 210 feet directly west of the Tornado shaft it attains a
maximum width of 180 feet. From this point south.it narrows. to about 10 feet
and again widens at the southern end, where it passes into the property of the
Horseshoe Company, The thickness of the ore between quartzite and overlying
shales iy about 6 feet, hut increases at some points .to upward of 14 feet.
The roof of the ore is shale .for the greater part of the length, but at several:
points this is replaced by a sheet of igneous rock. The floor upon which the
ore rests is in most cases. guartzite, which at several points gives place to a
projecting sill of trachytoid phonolite, connected*with a dike on the west. In
the south end of the mine the Algonkian projects up into the ore, and is. itself.
reported to have carvied refractory values which in some cases reached $12 per
ton. Seven hundred and fifty feet' south of its outcrop in Nevada Gulch, the
Big shoot is thrown down 72 fect ‘on the south hy a fault, striking N, 22¢ E.
For some  distance north of this fault, and through the northern end of. the
downthrown portion to the -south, .the continuity of the ore .is broken by many
north-south porphyry dikes of varying thickness.. From a point directly west of
the shaft the ore comes closely in-.contact with a large 60-foot dike of trachytoid
phonolite on the west side. This dike extends far south into the workings of
the Mogul mine, where it finally. dwindles. to nothmcr The. direction -of _the ore.
body from the point where it joins the dike is 58190 E. for the Iebt of its
course.. Many small shoots of ore, with varying strikes, join this large bodv on -
the east side, and the grade of the ore is increased at such ]unctlom The ore
is partially sulphide and partially oxidized, and carries average ‘valies of about
$17 per ton. It is higher in the vicinity of the dikes and faults at the northern
end, but becomes C(')nsiderably lower at the point where the. shoot atiains its
greatest width,

The other large shoot of this mine is t,hftt known as the Bottleson shoot. Tt
extends from a point 600 feet north of Nevada Gulch for a distance of 1,500
feet to the Bottleson shaft and is therc deflected to the west. Three hundred
feet south of this shaft it.terminates in an orve -shoot 30 feet in width, trending
8. 47° E., which oceurs along a fault fissure that throws the southwest side. down

8 feet. At the southeast end.of this cross shoot are two other ore hodies, one
' 4987-~No. 26—04——13
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small and extending 700 feet to the northeast; the other large and irregular and
extending 1,100 feet to the southwest, with a strike of N. 25° to 30° L., finally
uniting with the long narrow ore body known as the °*E” shoot. This has heen
considered on the map as a part of the Bottleson shoot, although really a separate
ore body. The width of the Bottleson shoot varies from 25 to 65 feet. The
roof is shale, and the floor at times quartzite and aé times dolomite. Many
interesting fractures occur in the roof, following the longer diameter of the ore
bod)‘f. Twelve of the other smaller shoots of the mine are parallel to the ~outhern
end of the Big .::hoc,lt:_L and trend hetween N. 12° and N. 15° W.; thirteen trend
between N. 15° E. and N:-30° E.; onc trends N. 479 W.

One hundred feet east of the Tornado shaft is an ore body 700 feet in
length, known as the “*A” shoot, following a manifold fracture with a N. 20° I,
trend. Between this shoot and the Bottleson shoot, a distance of 500 feet in an
eastorly direction, is a long crosscut, which runs uvpon the basal quartzite and
intersects no ore-hearing, fractures. This barren region  forms a syncline in
which the quartzite and overlying limestone’ dip away from the ore hodies in
either direction ab angles of 20° and 15°, respectively.

At the south. end of. .the mine, and about 350 feet east of the phonolite dike,
is a comparatively narrow ‘ore body 950 feet in length, known as the ““E” shoot.
The ore in this shoot was of good grade, often averaging as much as $35 per
ton. It followed a strong vertical, which shows little or no displacement, The
ore—like much of the ore in this purt of the mine—does not rest on the
quartzite, but lies at a distance of perhaps 4 or 5 feet above it at the north
end of the shoot. This interval increases to_12-fect where the shoot passes into
the Mogul ground. The floor consists of dolomite,
~:, Besides- these—four shoots described, there are on' the east of the large
phonolite dike pl'eviOllé'l}‘*ﬁé’r;ﬁoned twenty-eight other ore bodies that have added
materially to the production of the mine. While not separately considered here,
a very good general-idea of their relative size and importance may be ohtained
from the map (Pl. 1X, p. 214).

On the west xide of the large dike which forms the west wall of the large or
main ore shoot the conditions are somewhat different from those to the east. At
a varying distance west of the porphyry the crosscats which penetrate this dike
encounter u dihpllil(_‘e[llf.'ﬂt which throws the west side up for a distance of nearly
300 feet. In Nevada Grulch this fault is reported to have been very near the west
side of the phonolite dike, but at & pont northwest of the Tornado shaft it diverges
from the dike, which is deflected to the cast, so that on the boundary between the
Golden Reward and Horseshoe properties the two are separated by an interval of
700 fect. This fault continues into the Horseshoe property and appears just west
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of the Troy shaft, where it shows a clear offset of 300 feet. At the point of
divergence it is joined by a T2-foot fault that cuts the large ore shoot into two
portions with & downthrow of T2 feet on the cast. Directly on the west side of
the large phonolite dike there is another displacement by which the west side is
thrown down for 40 feet at the south end of the mine. The amount of displacement
decreases to the north, however, until due west of the Tornado shaft it is practically
zero. This displacement, unlike the others in the mine, seems to have oceurred
at the time of the porphvry intrusion, as it is accompanied by no brecciation or

- slickensides. The porphyrys and sedimentaries show a close and t.Vpl(ftl intrusive

contact, often exhibiting considerable metamorphism.. - 7
Direetly west of the shaft there are between these two main faults a series of

‘small displacements which form narrow benches as one passes westward from the

phonolite dike. By two of these the quartzite is elevated on the west side succes-

sively 30.and 40 feet; others are much smaller. - The actual offset in these displace- -

ments is extremely small, and much of the difference in clevation is absorbed in an

‘extremely steep easterly dip. -

On the scparate benches between these dlspla,cemcnts are six small ore hodies
which trend about N. 32 to 5° E. Considerable ore of good grade was found in
these shoots, which are of smaller size than those generally encountered in the mine.
Pl. XIX (p. 214) gives an cast-west cross section of the mine and will bring out
these relations clearly. o

The ore from the Tornado mine was partly red or oxidized and partly blue or
sulphide ore. = In the early history of the mine the oxidized ore was especially sought

-on account of the additional-difficulty of .treating the unaltered sulphides, but with

the more complete understanding of smelting this preference cauie to be disregarded. -

. The ore from the Big shoot is-very markedly banded-on account of . the

persistence of beds of shale in a,comparatively unaltered: condition. In some of

.these the shale bands contain soft white clay, which has presumably resulted from

the decay. of thin seams of porphyry. This clay not infréque,r}vtl:y contains high
values in gold. A partial analysis of it gave the following results:

Analysis of clay from Big shoot of Tornade wine.

) (S 36.8
= 19
ALy e N 16.5
L0 (comBined ) . oo aaanaeas e 15.5
- Ounces of gold.oouveoe oo e eama e e 2.47 ($49. 40)

Qunees of Bllver. o ooovevnvenriianiiiia s s e meeeeeeaaaaoaas .9

It is stated that in some ‘cases this clay carries values as high as $200 or
$300 per ton in gold. :

.
-~

.
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~ In general, the ore from this mine averages about $17 per ton in gold. In
the northern end of the Big shoot, where many faults and a large number of -
dikes interrupt the continuity of the ore, the contained values are higher, often
averaging $35 per ton; in the large flat body directly west of the Tornado shaft
they are comparatively low, much of the ore mined carrying only $10 per ton.
The ore here is little broken or disturbed. The grade is higher where the large
ore body is joined by lateral shoots. Little or no secondary-enrichment has taken
place in the mine, for there is little relative difference between the values yielded
hy altered and unaltered ore. ' '

Great. Mogul mine.—The Great Mogul mine is opened by a shaft 805 feet in
depth, situated in Stewart Gulch, at an clevation 5,986 feet above sea level and
about 1,600 feet west of the loop of the Fremont, Elkhorn and Missouri Valley
Railroad. The shaft penetrated two sills of porphyry, separated by about 15 feet
of Cambrian shales, the upper being relatively the thicker. Between the lower
gill and the basal Cambrian quartzite occurred interbedded shales and dolomite,
the more completely marbleized layers of which rested .on the quartzité. The

- Cambrian rocks dip east at an angle from 12° to 15° The mine comprises two
large ore bodies. The first was encountered 250 feet directly west of the shaft,
and by reason of the strong eastward dip is worked by a horizontal drift that
connects with the shaft 30 feet above quartzite. It is the southward continuation
“of the large shoot of the Tornado mine. 1t is 110 feet in maximum width and
about 5 to 10 feet in thickness. At the north end it is divided into two portions
by a long neck of unmineralized rock. Toward the south it gradually narrows,
until about 1,350 feet south of its-connection Wwith the Tornado it dwindles out.

~—On the west side is a dike of trachytoid phonolite sloping slightly east and benching

- out~beneath the ore. Fl'gﬂjts-contact with this dike on the west the ore dips

“eastward at an angle which increases slightly in an easterly direction away from
the dike. This dike, like the ore shoot, pinches out to the south. The major
fractures in the shoot trend north and south, but often there is so intricate a

- network of minute verticals in the shale roof that it is impossible to distinguish
any predominant direction. West of this dike is a fault which throws the west
side down for 40 feet at the north end and increases in amount as we proceed south,
until at the end of the dike the displacement amounts to 100 feet. On the down-
thrown side of thig fault is the second large ore shoot of the mine. This shoot
is 75 feet in maximum width at the north -end and lies against the phonolite
dike on the east side. Farther south it leaves the contact with the phonolite
and narrows until finally it dwindles to a mere verticul. On the west side of

" the ore is a ledge of Algonkian qﬁartzite,_and heneath the ore for the larger

part of its southerly course is a floor of the same rock. The basal Cambrian
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quartzite, which became vei‘y thin below the ore in the upper shoot, iz here
entirely absent.”*This shoot is connected with the,shaft by a drift which pqssés
beneath the main shoot through the Algonkian. Iron-stained fractures may he
seen beneath the easterly shoot parallel to the lamination of the schists. Thesc
may be the downward continuations of the mineralized fractures or verticals in
- the stope above. A cross section of this mine in an east-west direction is given
in Pl. XX (p. 214). The ore from the Mogul is partially oxidized in some places
and completely so in others. At several points, presumably in the lower shoot,
the ore contained great numbers of angular fragments of Algonkian rock, among
which were scattered crystals and isolated masses of jarosite. In the upper or
eastern shoot layers of very rich clay were found interbedded with the ore.
These often carried several hundred dollars per ton in gold. The Mogul has
been a very productive mine. '

Little Tornado mine.—To the west of the 300-foot fault on the divide
between Nevada and Fantail gulches arc the dismantled workings of the Little
Tornado mine. They are presumably upon the basal Cambrian quartzite, as that
stratum is exposed at the same elevation in the Double Standard tunnel, a short
distance fo the southwest.

There are two small shoots striking N. 10° E., following strong, rather open
fractures, which converge toward the north and together extend through to
Nevada Gulch. These shoots are separated by a slight fault which throws the
eastern shoot down 10 feet, while from the south end of the latter a third small
ore body trends N. 34° K., to be intersected midway of its course by four very
small ore bodies parallel to the first two.  The strata have a pronounced eaéterly
dip, which, together with many slight displacements having downthrows on the
east side, marks the approach to the great 300-foot fault (mentioned on page -127).
Two small dikes of rock related to grorudite and striking N. 80° E. cut directly
across the ore shoots of this mine. Country rock and ore were alike extremely
oxidized. The mine has not been a heavy producer.

Double Standard mine.—In. the head of Fantail Gulch, above the town of
Terry, on: the north side of the gulch, is the tunnel of the Double Standard mine.

The tunnel is driven upen the basal Cambrian quartzite, trends slightly north of
west and interscets seven long, narrow shoots of ore at 100, 150, 200, 287 312,
412, and 300 feet west of the opening, respectively, '

The -first two are small and strike N. 10° E. and N, 22° E. with a large
dike of coarse-grained rhyvolite between. The third or main Double Standard
shoot trends N. 4° E. and extends north 900 feet, where it outcrops high up on
the south side of Nevada Gulch. The ore lay in close-contact with a dike of
rhyolite on the cast side for 300 feet and then a slight fault has brought the
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Algonkian schists into contact with the ore. The other shoots are short and
narrow and trend N. 25° E., N, 80° E., and N. 79-E. All follow strong and rather
" open fractures, which are mainly vertical in position. Two of these shoots converged
toward the south, and at the point of intersection formed a large body of ore 5
feet thick with an extremely even shale roof. Where the fractures come together

they have slightly discordant dips'—agld intersect one another in- both horizontal °

and vertical planes, but no displacements could be detected at the intersection.

There is a prevailing southwest dip in the mine and- slight undulations interrupt

its régularity, the shoots always lying on the crests of the anticlines. The shape
of the ore bodies in cross section throughout this mine varied considerably, some
being elliptical and others so ifregular that the ore extended out in thin shelf-
like masses into the country rock. A shoot was observed in which a shelf-
like mass of this character, about 1 foot in thickness, lay imwmediately beneath
the shales that overlay the ore and extended from 3 to 6 feet bevond the main
body of the shoot. Much of the ore-from this mine was unoxidized, and that

from the shoots to the south of the crosscut carried large gquantities of gypsum .

and green fluorite,

Boscobel mine.—At the extreme west end of the Double Standard crosseut
tunnel a 10-foot fault has thrown the basal quartzite up on the west. On the
upper side of this fault is the long shoot of the Boscobel, which extends south
400 feet, where it dwindles to- a mere vertical, and north for 1,050 feet to its
outcrop in Nevada Gulch. Midway along its northerly course there is a small
vertical ore shoot, a few feet to the west, striking N. 35° E.  West of the'main shoot,
where it outcrops in Nevada Gulch, three small shoots are sitnated. The two most
westerly are at a high angle to one another, so that they converge to the south, and
together form an ore body parallel to the main Boscobel shoot. The most
easterly of the three is between the latter and the converging shoots. The

fractures of the Boscobel mine are prominent and often inclined at a slight .

angle to the east. Dikes of rhyolite lie in contact with the ove of the main
shoot on both sides and in many cases divide the ore into two portions. ‘

Throughout the entire country between the Boscobel and Double Standard
shoots, and thence eastward as far as the mouth of the Double Standard cross-
cut, great nmmbers of north-south dikes of rhyolite occur. The ore sometimes
lies in” contact with them and at others diverges from them at considerable
angles, showing that the occurrence of the ore is independent of this igncous
activity, so far at least. as the direction of ore .shoots is concerned.

The ore from the Boscobel shows great quantities of brilliant green fluorite,
together with extrewely large crystals of barite, the latter cmbedded tightly in
the ore. ‘

il
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Hardscrabble mine.—In the end of Fantail Gulch, just below the sharp .
_southward bend in the stream, is a long open cut from the west end of which a
tunnel leads westward into ‘the Hardscrabble mine and thence through to the
Welcome shaft. South of this open cut, and south also from the tunnel, is a
series of irregular stopes, open to the north, from which low-grade ore was.
mined. These bodies passed into fairly regular stopes toward the south, but in
the neighborhood of the open cut the ore was included between an inextricable .
tangle of dikes, sills, and irregularly bounded masses of rhyolite. The workings
‘are presumably near the basal quartzite of the Cambrian, for that rock is exposed
in the Welcome mine to the west. Fractures pass through rhyolite, shales, and
dolomite indiscriminately. To the north of the tunnel and open cut are a series
of narrow shoots following fractures that trend N. 207 E., and probably connect
with the shoots of the Double Standard. Southwest of the Hardscrabble workings
is a long’ shoot trending northeasterly, and connecting with the workings of the
‘Welcome mine. It is inclined sharply south, following the dip of the guartzite, and
on the east is in contact with a dike of rhyolite. The ore from the Hardscrabble
mine contained great quantities of purple fluorite, and some of the rhyolite itself
was so-heavily impregnated with this mineral that it contained workable values.

Welcome mine.—The Welcome mine is opened by a shaft situated on the
northwest side of Fantail Gulch, just above its bend toward the south. It is sunk
on a fault which strikes north and south and throws the west side down 30 fect,
but dies away to the south., The strata dip to the south at'an angle of from 109
to 12°  About 25 feet west of the shaft is a shoot 100 feet wide hy 10 feel in
thickness and 625 feet in total length. This large ore body -is caused hy the
occurrence of innumerable parallel fractures which, while they are strong and
display considerable opefling‘, are so closely spaced that they have produced an ore
body of great size. (Sec Pl XIII, p. 214.) So close are they to one another that
the shale roof has been sufficiently silicified between to carry considerable values.
This sheot terminates against an castward-dipping dike or crosscutting &ill on
the west side and gradually -dwindles to a mere vertical on the south. West of
the south end of this large shoot are a great-number of small shoots on fractures
striking north and south, N. 10° W., N, 15° E., and N. 30° E. - Much of the ore
in this mine was separated from the quartzite by from 2 to 3 feet of red dolomite.
The Welcome has heen 2 heavy producer. '

Flarmony mine.—This mine is opened by two tunncls on the south side of
Fantail Gulch above the town of Terry. The workings are now inaccessible, but
from the map therc seems to be a series of small shoots trending N. 5° to 10°
E. The workings are directly south of the Little Tornado and just west of the
great 300-foot fault.
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Ben IHur mine.

On the south side of Nevada Gulch, some distance north of

the opening -of Cherry Creek is the tunnel of the Ben Hur mine. It runs a
little south of west down a gentle incline through the schists of the Algonkian.
It then encounters a dike striking parallel to the schists, On the west side of
this dike a fault has thrown the Cambrian down so that the quartzite is on a
level with the adit and the porphyry dike has turned over.into a sill toward the
west, so that about 5 to 6 feet of Cambrian-banded dolomite and shales intervene
hetween quartzite and eruptive rock. Lying directly against this eruptive rock
“on the cast and benecath the sill is a Jarge shoot of ore. South eof the tunnel
the ore body turns sharply southwest, presumably following a coordinate fracture
and then sharply south, so as to resume its or'i'gina.l direction which it maintains
for a considerable distance.

The fracture which supplied the ore passcd up into the porphyry and was
about 8 inches in width and filled with a mass of large interlocking quartz crys-
tals, which projected from a narrow band of silica into the open space between
the walls. This quartz-crystal ore was reported to have yvielded high values. In
the extreme south end of the mine the ore lies against the Algonkian schists,
probably on account of slight faulting. The ore from the Ben Hur was oxidized
and carried high values, sometimes yielding $60 per ton in gold. The mine is
still productive,

Baltimore mine.—The B"thlmOIO shaft is situated in the bed of Nevada Gulch
south of the saddle hetween Bald and Green mountains. The country rock is an
eruptive, probably related to the grorudites. This iz intersected in the shaft to
a thickness of 60 feet; below is a parting of Cambrian shale 40 feet thick, another
sill of eruptive rock 20 feet thick, and then 110 feet of Cambrian shale and
dolomite. The .shoots are scarcely more than verticals and lic in the dolomite
above the basal Cambrian quartzite. Two trend N. 20° E., two N. 25¢ W., and
one N.70° E.  These verticals have not been indicated on the map in PL. IX (p. 214)
on account of the uncertainty as to their exact location.

' MINES ON THE UPPER ORE-BEARING BEDS.

Daisy mine.

The workings of the Daisy mine are situated on the divide
betwoen Fantail and Stewart gulches just east of the 300-foot fault and directly
_over the most westerly shoots of the Tornado. They are but a few feet below the
surface. The country rock isa green glauconitic shale, containing bands of dolomite,
but exhibiting no heavy beds of the latter. type. The ore is colored green by
much included glauconite and contams many large cavities or vugs distributed
without regularity.

Upper Welcome mine.—West of the Welcome shaft and far up on the north-
west slope of Fantail Grulch are some small workings that are at a much higher
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altitude than the workings of the Welcome mine. The country rock is Cambrian
shale containing great quantities of glauconite and intercalated layers of a dolomitic
character, nonc of which are very thick. The ore was mostly in the natare of
narrow silicified shoots following small north-south fractures, but extending only
short distances laterally from them.” Much eruptive rock occurs in rather confused
relations. The geological position is probably about the same as that of the
Daisy mine and may correspond to the upper contact of the Portland district. This
and the Daisy mine to the east are the only ore bodies in the Ruby Basin district that
are in what may be properly termed upper oi'e-l)eal‘ing heds. The fact that the
country rock .is such an impure variety of dolomite, interrupted by many shale
bands, indicates that ore-hearing beds which exhibit considerable uniformity of
texture and freedom from impuritieé at one lbcality may give place to comparatively
unreplaceable rocks at another.

PORTLAND DISTRICT.

Dividend mine.—The Dividend mine is situated upon the northern slope of
Green Mountain, a little north of east from the town of Portland. It is operated
by two tunnels running into the hillside and opening into a small tributary of
the north fork of Deadwood Gulch. The workings are about 20 feet above the
Algonki&{n upon the basal Cambrian quartzite, which dips slightly west of south
" at an angle at from 4° to 6°. Two small flat bodies of ore were mined from the
northeast end of the mine. They occurred at the intersection of many small
fractures which trended N. 25° E., N, 44 E.,and N. 18° W. The ore rests on
quartzite and beneath a thin bed.of shale, but ends abruptly on the west against
. soft Algonkian phyllites, which are faulted up by a slight displacement trending’
about N. 78° W. The ore in these two bodies was irregularly bounded and
about 5 or 6 feet in thickness, Mineralized fractures pass from the ore into the
Algonkian, in which rock they have yielded some pay ore. Another small ore
body occurs in the extreme southwest end of the mine at the intersection of
fractures trending N. 30° E., N. 38° E,, and N, 36° W. This cve body is about
500 feet northeast from the ncarest mine, in the upper 01'é-i)ea1'i11g beds, and Is
separsited from them by an interval of Cambrian strata and intruded porphyries
527 feet in thickness. " The othdr ore bodies of the mine were narrow shoots, scl-
dom more than 5 feet in width, which followed rather open fractures but often
extended to considerable distances in a vertical dircetion, in one case as much as
40 feet from the quartzite. The largest of these fractures contained fragments of
Algonkian schist, and was somctimes 6 inches in width. It trended N. 53° E.,
and carried ore for 740 feet. Other small ore shoots followed fractures trendi‘ng
north and south, N. 15° E., N, 25° E., N, 44°-53° K., and N. 34°-40° W. The
fractures are open and but little mineralized when compared with those occurring
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on upper contact and in mines where the ore bodies ure extensive flat masses.
Dikes of decomposed eruptive rock of a few fect in thickness occur in great num-
bers; many of these have Dbreccias along their contacts. The dikes appear to
intersect the verticals, but the rocks are too deécomposed to give positive evidence.

The ore is of three varieties: The first is a gouge-like decomposed material
heavily charged with oxides of iron and manganese, and often -containing
considerable sandy fluorite; the. second is a sandy  material resulting from the
disintegration of the basal quartzite and often mined to its contact with the
underlying schists; the third is the usual hard refractory siliceous ore. The first -
two varieties of .ore carried values of from %10 to $25 per ton, but the siliceous
ore generally contained from $25 to $50 in gold with but little :i"er, which
is strongly in contrast with ore of the same character in the upper beds, the
latter yielding uniformly low values and a relitively high silver content.

A peculiar, hard, ferruginous jasper occurs in this mine in the same banded
masses as the ore, but it carries no workable values, It is termed “‘liver-colored
rock” by the miners. . ‘ ,

Snowstorm  mine.—The Snowstorm shaft is located in the extreme head of
Nevada Gulch. It is about 345 feet deep and has produced no ore. It iﬁfnpof-
tant in that it comprises an extensive series of - barren-'workings on the basal
Cambrian quartzite and indicates that ore bodies are probably. absent in the barren
region Iying east of the Portland distriet.

Two Johns mine.—The Two Johns mine is located in a southwest tributary
of main Squaw Creek, about 1 mile east of north from Crown Hill. - The basal
quartzite and about 20 feet of the Cambrian rocks aré here exposed and outcrop
all along the }vest-h;ank of Squaw Creck, dipping southwestward from the great
porphyry mass that forms War Eagle Hill. Above the shales is a thick sill of
rhyolite.  The mine is opened by two tunnels on the basal quartzite which
diverge at the mouth, one running southeast and the other southwest. There
are two long, narrow shoots of ore, the southern trending' N. 50° E., and the
northern composed of two portions, of which the eastern trends N. 70° E. and
the. western N. 25° E. At the -junction of the two portions the ore body is 20
teet wide, the ore of the small shoots following fracturgs that strike between
N. 70° and 50°-E= "T'wo small dikes of eruptive rock cross one of these ore bodies
and the fractures do not pass through them. On the west side all of the shoots
are cut off against’ an eastward-sloping wall of dark, coarse-grained rhyolite.
The mine has not been a very productive one. -

Gushurst and Manchester.—On the quartzite rim that is exposed in the head
and on- the west side of Squaw Creck are a few small workings that belong to
the Gushurst and Manchester mine.  There occurred in these workings in the
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dolomitic shale a few isolated masses of jasperoid rock in which irrégula_r patches
‘of galena and cerussite were found. Theése mines have not produced much ore.
Labrador mine.—In Labrador Gulch at an elevation of about 5,500 feet above
sea'lovel is an exposure of Cambrian rocks much distorted by intrusive sills
~and dikes., There are a few workings that have yielded some refractory siliceous
ore, These are now inaccessible. o :
Decorak mine.—The workings of the Decorah mine lie on the eastern side
of Green Mountain. They are opened at the north end by two tunnels about 50
feet above the railroad and follow two long narrow ore hodies southward for. a
distance of 650 feet. The workings are about 20 feet below the Scolithus sandstone
which lies at the top of the Cambrian series.. The country rock dips slightly to
the south-southwest, and the ore bodies trend 8. 352 W, following the dip.
- The ecasterly shoot is from 25 to 30 feet wide at the south end, but gradually
parrows to a mere vertical at the north. A little south of midway along its
course it widens to the west until it has attained a maximum width of 100 fect.
Shales form the roof of the ore bhody and the floor upon which the ore rests.

The fractures are extremely strong and open, sometimes occupying the entire
roof of the stope. The ore is from 24 to 3% feet thick and corresponds exactly

to the thickness of the replaced bed of dolomiite. The more westerly shoot is
narrower and at the south end the ore extends up into the shales that form the
roof, thus forming a very narrow vertical ore body.

Trojan mine.—The Trojan is opened by a tunnel running S. 85° E., and
situated on the north side of Green Mountain east of the workings of the Decorah.
The country rock is here Cambrian shales, very glauconitic, with an interbedded
layer of dolomite about' 4 to 5 feet in thickness. The mine comprises a broad,
flat stope about 700 feet long and 83 feet in maximum width, but narrowing
toward the southern end. At the south end the orve is divided by a dike of coarse
rhyolite striking N. 35° E., which iz itself greatly silicified in places, and often

stained dark brown where it comes in contact with the ore. The ore from the’

Trojan yielded relutively high values in silver, thus contrasting strongly with the
‘ore taken from the Dividend mine to the north and lying upon the basal Cambrian

quartzite 527 feet below. -

Alameda.—The Alameda is an open cut at the south side of Green Mountain.

and is probably a continuation of the Decorah. Fractures run about 8. 35° W,
and the country rock dips about 8% in a direction S.78° W. There is a bed of
considerably oxidized fine-grained dolomite 2 feet in thickness, above which are
14 feet of glauconitic shales with thin interbedded layers of a dolomitic character.
The vertical seen in this open cut shows a heavy bed of ore-replacing the main
dolomite layer, but upon passing into the shales above the silicification is
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confined to a slight replacement of the thin dolomitic layers. The ore:from the
Alameda is of low grade, not generally averaging more than $9 to $10 per ton,
Folger mine.—The Folger mine is on the south side of Green Mountain about
150 feet west of the Alameda. The ore shoot is small and. trends N. 30° E, but
divides into two portions at the northern end. A few fractures are present but
the roof as a whole is an extremely uniform and unbroken bed of shales.
Perseverance mine.—The” Perseverance ‘mine is opened by a tunnel situated
about 200 feet west of the Folger and running N. 35° E. from, the south side
of Green Mountain. There are three ore shoots, the central one of which is
very narrow. It widens at the north end into a hroad, flat stope about 50 feet in
‘width in which few, if any, verticals can be observed in the shale that forms
the roof. The other ore shoots trend in the same general direction and the ore is
about 3 feet in thickness. It lies between two beds of shale. In the more westerly
shoot there are two blankets of ore, one above the other, separated by an’
interval of unmineralized shale. ' J
Fonpire State mine.—The Empire State inine is opened by a long tunnel
extending southward from the north side of Green Mountain: completely through
the hill and connecting with the workings of the Mark 'Twain on the southwest,
The ore is from 24 to 3 feet in thickness and lies between two beds of imper-
vious shales. In places it comes in contact with irregular beds of coarse-grained
rhyolite. Fractures trend N. 25° E. and N. 35° E. Many of the shoots occurring
in this mine are very broad and flat, the roof being interrupted by few fractures.
The average thickness of the ore is from 2% to 3 feet,
Mark Twain mine.—The Mark Twain mine is opened by a series of tunnels
running from the head of Nevada Guleh in a northwesterly direction. The
“country rock is a Cambrian shale with two interbedded layers of dolomite sep- '
“arated by about 5 feet of shale. The lower layer of dolomite-is 3 feet in thick-
ness; the upper is 2 to 24 feet. The ore forms a .large, irregular channel-like
masg 1,200 feet in length. It lies in two blankets of extremely even upper and
lower contacts and repléces two beds of dolomite. Much glanconite occurs in
the shales. Fractures are present in this mine intersecting one another in an
irregular manner. The most frequent of these trend N. 35 to 40° E, Many
_. _others occur striking N. '85° E., N, 60° E., N. 50° E.,’ N. 80° W., N. 33° E.,
and N.'10° W. The irregular character of the Mark Twain stopes 1s due to the
intersection of these fractures.. At the south end of the mine the strata of the
Cambrian bend upward sharply toward the southwest. The ore is largely sul-

* phide ore, and the values which it contains are often distributed with great
regularity. The Mark Twain has been a very productive mine.
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Leopard and Jesste Lee mine.—This mine-is entered by a tunnel on the north
side of Green Mountain, a few feet east of the town of Portland. The workings
lie about 20 to 25 feet below the Seolithus sandstone which 1s exposed in the
cut of the Burlington and Missouri River Railroad near the railroad station.
The.ore occurs in large irregular flat masses, about 40 feet in maximum width
and about 2 feet in thickness. It lies apparently upon a 3-foot sill of coarse-
grained rhyolite and bencath argillaceous and glauconitic shales. The fractures
in the roof are extreql’elyﬂsmalr_ﬂ'ng follow directions N. 20° -E., north and south,
and N. 20° W. -

Burlington and Golden Sands mines.—The Burlington and Golden S-mda mines
are opened by a tunnel that enters the north side of the hill just above the rail-
road. A few feet from the mouth of this tunnel is a long crosscut that runs
southeast and connects with the workings of the Leopard and Jessie mines. In
the shoot there is intersected a series of bread shoots.of ore trending as a whole
about N. 35° E., and lying about 18 feet below the Scolithus sandstone that forms
the uppermost layer of the Cambrian series. The ore-bearing beds are about 24
to 3 feet thick, but are interrupted by more than the usual number of shaly
layers. They are overlain and underlain b); glauconitic shale. There is a slight

southwesterly dip throughout the mine. The fractures are widely spaced but

extremely strong, for the silicitication has often extended for 6 inches from them

in the shales that overlie the ore- bearing beds, The shoots follow fractures whlclr

trend about N. 35° E., and are intersected by others running N. 13° E. and occa-
sionaily N. 60° E., the largest bodics of ore occunmg_ln_thg_.ymmll:ﬁ such

intersections. The ore is about 2% to 3 feet thick’/t the southeast end of the

mine another blanket of ore was discovered about () feet above the first and
sepalated from it by glauconitic argillaceous shales. ;

Portland mine.—The Portland. mine”is sitnated_west of the town of Portiand
just south of the crosging of the narrow and wide gage railroads. There
are two dolomite beds that-carry, ore, all dipping slightly southwest and inter-
bedded with argillaceous and glducomtlc shales. At one point there is a small
bed of dolomite 8 inches thick intervening betwegg the other two. These beds are
not continuous over any very extended area, for t.llé'}"\oftcn become shaly or grade
into comparatively unreplaceable rock. The more easterly portion of the work-
ings is about 20 feet higher than that to the west, and comprises an open cut and
three vertical very narrow and high ore bodies, all in the shales that overlie the
principal ore-bearing beds. The ore from these workings contains very high

values in silver, but, as is usual with ore bodies in the comparatively impure’

dolomitic shales, extends but short distances from the supplying fractures. There
are three large verticles of this type trending N. 25° E. and a smaller one
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N. 40° E. In the western workings which are opened by a long southeast cross-
cut are several small shoots containing blankets of ore, generally not more thap
2 feet in thickness and t'Ollowing'\strong fractures which trend N. 20° E., N. 25°
E., N. 30° E., N. 40° E,, N, 55¢ E; N. 80° E., and N. 35° W, Intersections are

' gcnera.,lly without appreciable displacetnent. The N. 25° to 30° E. fractures are the

© stronger and the most. of the ore bodies trend in that direction. The Scoldthus
sandstone lies about 25 -feet above the lowermost blanket of ore. The most
'westerly stope of this mine is.a small shoot 20~feet-high but of small horizental
dimensions. It yielded very high values in silver. A considerable amount of
ore has been mined from the Portland.

Clinton mine. mThe Clinton mine is located about 1,500 feet west of the town
of . Portland and is worked through a tunnel connecting with the Portland mine
to the northeast. The country rock is the glauconitic shale of the Cambrian and
inter-bedded layers of dolomite that.lic.about, 20-feg§.‘,be_low the Seolithus sand-
stone and constitute the so-called .S npper, contact.”,.. , ...

Thele are, thlec lalge :,hoots'm the mine. J.he ;more easterly shoot is (> to §
feet, Wlde, trenda N. 44° E., and is about 300 feet long. The ore is 3 feet thick.
“The major f_;actmes trend N, 25°E. [ N. 3 320 E.,.N. 442 E., and. N. 30° E.; minor
fractures run north and south, N. 86° E‘, N. 85° W, and N, 58° W. ,The large
shc}ot is formed. by the intersection.of major fractures running N. 32° to 44° E.,

;and minor fractures running N, 50° to 85° W. This large shoot divides at the
— n01th~end into two portions. The other shoot is -30 feet northwest and trends
' 6zojt\sfql_}_o_xugo* p‘lmllel fractures with the same trend. Forty fect east of
the long narrow shoot&l‘:\fﬁshoot trending -N. 53° K., and crossing at a small
angle a series of parallel f:actmes :,\tnkmg N. 322 E. The Clinton has been
quite a productive tiine. - ‘ -
.,,&_Gwmesan mine.—The (IunnlSOll—lS;‘a“ﬁl_l;l:lll but comparatively -unproductive
mine abont 400 feet west of the Portland and™ Sout,\h of thesfailroad. The tunne]
is upon a hOIlZOn somewhat lower than that of the-1Majority of mines in the
region. The ore is low grade and occurs insdeveral blankets, veplacing beds of
dolomite and separated by varying-intervals of glauconitic shales. The mine
ha& ploduced ~hnt_little- Ole//V

Sowé]z Duakota mine.~~This mine is on the northeast side of Annie Creek on
a spur that juts out from Foley Mountain. 1t has yielded but little ore and
that of low grade. As many as six small blankets of ore are reported to have
occurred in the mine. ' .

l . LEAD AREA.

Sula mine.—~The Sula mine comprises an open cut north of the junction of
Poorman Gulch and Gold Run excavated directly upon the- basal measures of
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the Cambrian. The ore is of two varieties, one -containing much barite ,And
carrying refractory values in gold - ranging sometimes as high as 325 per ton,
the other carvying irregular p‘it(,hes of gmnulfu wolframite. The mine has not
heen very productive. . - e

Harrison wiine.—The Harrison ' mine is situated on’ the top of the h]ll just
north of Lead. It is opened by a tunnel that frends northward and the ore lies
but a few feet below the surface. The strata dip quite sharply toward the east.
There are three: varieties of ore~ifi the nnnc—lctr,u,tmy siliceous. ore, tungsten
ore, and unltelou:, (.O]'lgl()ll'lel{lte -

The . refractory siliceous ore lies in the dolomlte duect}} on the baml
. Cambrian conglomerate and heneath a roof of shales. It forms a blanket about
3 feet in thickness. It is a whitish granular-looking rdck, often mistaken for
minerafized quartzite, and carries great -quantities of barite in crystals and
irregular masses. The average yield of this ore is $60 per ton in gold. -

The second variety -of ore is a granular wolframite which appears as a rim
around .the refractory ore and generally forms a capping of variable thickness
to the latter. It.also appears as-irregular patches throughout the siliceous ore.
This wolframife-contains- many cavities. in which crystals of wolframite together
with white and green scheelite occur in considerable abundance. Fine radiating
" aggregates. and a few distinct crystals of barite are scattered through it, and a
drusy coating of gold-yellow ferric . sulphate, which is often mistaken for.v-
tungstite, covers the more oxidized specimens, ‘ e

The third- variety of ove is the auriferous conglomerate, Wasm
ness of 13 feet and lies below the refractory”me in 2 depression upon the

Algonkian surface.  This conglomerate was all highly oxidized:and consisted of
water-worn- pebbles of quartz and Algonkian quartzite with a few. fragments of
schist " embedded _ 1n a matrix compo:ﬁd—of—hnelv divided detrital quartz and.iron

oxides. Some, free gol&\gccu: ;nn the conglomerate, which is richest.in the basal e w“\_*
portions. The depression™in. which. this occurs is 78 feet wide and trends north- ‘\\
.west. lt is reported to have been® bounded by slight elevations in the Algonklan

surface. oo \_:-g\

This mine haa been productive for more than’ ‘eighteen_years.

lowa and Golden Crown mine.—North of Lead and just above the Black Hllls
and Fort Pierre Railroad is the tunnel of the Reddy mine. A great quantity of
whitish siliceous ore, containing ¢uantities. of barite, was mined from small shoots
that trended northwest. The workings extend through to the opposite side of
the hill.

" Deadwood-Terra mine.—-In the Cambrian strata that lie heneath the 1hy011te
cap on the divide between the De Smet and Deadwood-Terra open cuts great
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quantities of rich siliceous ore were found resting almost directly upon the Algon-
kian schist. To the west lie the great ‘chambers from which the auriferous
conglomerates were mined.’

Big Missouri mine.—The Big MISSOHI‘I compuses two tunnels far up on the
west side of the Homestake open cut and running into the decomposed dolomite
of the Cambrian that here lies directly on the schists. The ore occurs in small
bunches in this rock and exhibits a shell- Illff (,og_gggtrm parting. It contains
extremely high values. “Fiactures werc observed at the~west end of the tunnel
passing from the Cambrian rocks into the schists of the Algonklan

Swamp Fogle mine.—On’ the west side of the divide, between Poorman and
Bobtail gulches, is an open cut on the Swamp Eagle claim. Irregularly bounded ’
masses of siliceous ore, carrying much barite and some wolframite, but compar-
atively low values in gold, werc mined from this cut. '

Tlidden Fortune mine.—The Hidden Fortune mine, at the time it was visited,
was & smail open cut in the basal measures of the Cambrian, at the head of

. Bobtail Gulech. The ore was exposed on the surface and lay like most of the
siliceous ore, almost horizontal. . It contains barite, sometimes in extremely large
white crystals measuring 3 inches in length. It is much oxidized, and dissem-
inated through it in great numbers are scales and erystals of native gold. This
ore is so rich that a single car of 10 tons is reported to have yielded $65,000.
‘Considerable wolframite occurs in this ore. -

— ———~Durango mine.—The Durango mine is located upon the north side of Gold
‘Run, just™above_the-Black Hills and Fort Pierre Railroad, with the workings of
the Reddy adjoining it on E}B\east and of the Harrison on the west. It is one
of the oldest mines of the hills, bemg first managed by W. B. Devereux in 1877,
and is still profitably wor 'ked. There are three varieties of ore—auriferons con-
glomeraté, 'Wolfranute and refractory ™ sdnceou: The auriferous. oonglomelate
was first mined. It is 15 feet thick and rests duect]y upon the schists, probably
connecting eastward with that worked in the lia}lrrlson Devereux reports that
much™ gold oceurred free, was richest at _its contact with the slates, and was
often dissolved and 1ep1emp1tated in- erévices in the latter rock. He reports that
the richest portions.of, _it=resfed on a surface inclined upward toward the west
away ; from the lowest point of the channel. The Cambrian rocks all dip east at
this point, however, and it is probable that this inclination was the rosult of
differential movements in the Algonkian rather than a feature of the deposition
of the conglomerate. Devereux. reports coarse, shot-like smasses of waterworn
gold clinging to the under—surfaces of large rounded bowlders at their point of
contact with the Algonkian, Stamp- milling extracted 90 to 95 per cent of this
gold. These workings are now- caveq in. At the upper lini_its of this conglom-
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erate small 'pétchcs stil in an unoxidized condition oceur, showing pebbles
embedded in a matrix of pyrite, with cavities lined with crystals of this mineral.

Above the conglomerate and in the dolomitic beds lie 8§ inches to 2 feet of
refractory “siliccous ore which occurs in broad shoots following fractures trending
generally northwest, but not often discernible in the shales above the ore. It
consists of interlocking crystals of barite embedded in a matrix of secondary
silica and detrital grains of quartz. It grades into wolframite in places, especially

on the rims of the ore. The wolframite is granular .and. carries but little gold; -

the white baritic ore contains between $25 and $60 gold per ton. At several
points in the mine the portion of the conglomerate immediately -underlying the
siliceous ofe consists of a mass of pebbles embedded in a matrix of sand grains
and secondary silica through which were scattered g'l'eat quantities of native gold
in sharp and branching forms.

GARDEN AREA.

Lenobscot mine. ——The Penobscot mine "is opened by a tunnel situated on a

northwestwardly projecting spur that lies to the southeast of Garden. The -

tunne! is upon the basal Cambrian’quartzite, which dips 10 W.; it follows a
shoot of siliceous ore 12 feet thick by 12 feet in maximum width, which trends
N. 40° E. A strong manifold fracture may be observed in the roof. The ore
lies in separate blankets of varying but rather smail thickness, separated from

one another by bands of unmineralized shales. The ore shows many cavities lined -

with erystals of jurosite and contains simall guantities of barite. It is all of the

oxidized type. Two ‘m‘.inor verticals occur to the ecast, striking N. 54° K.
Keystone and other mines.—Southwest from the Fenchscot the ‘outerop of
hasal Cambrian quartzite extends around the ridge and southward “toward the

divide between the northwardly flowing tributary of False Bottom Creek lmd_

Blacktail Gulch. On this outcxop are many small productive \\011\111g: following
fractures which trend N. 88° E., N. 45% E._ N. 55° E., and N. 60° E. Ore bodies
are small but often quite profitable. The largest masses occur at intersections.

Harrison anine.—Between the south tributary of False Bottom™ Creek and
Blacktail Guleh is a divide upon which about 65 feet of Cambrian strata remain,
A shaft on the center of this divide 65 feet deep constitutes the opening to.the
mine.” There are thlee small ore shoots between 5 and 30 feet wide hy 10 feet
thick following fractures trcndmg N. 47° k., N. 7T1° E., and N. 85° K. Several
minor fractures trend N, 20° E. The ore bodies are largest at the intersections,
-Face samples of ‘ore from this mine carried sometimes as much as $88 per ton,
and the ore averaged about $30 to §35 per ton in gold, with some silver. On

the hill southwest of these workings is an open cut, in which the basal guartzite
4987—No. 26—04—14
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is exposed, dipping northeast. Two long shoots trending N. T0° E. occur here,
one of them 600 feet long. These converge at the southwest end and are
intersected by a third shoot trending N. 33° E., the three forming a stope 60
feet wide. - .

Golden Gute mine.—The Golden (Gate mine 15 worked by a shaft on the
north side of the head of Blacktail Guleh. It is now producing a good deal of ore.
The mine was innccessible when visited.

Kicking Horse mine—-This mine 1s also on the north side of Blacktail Guich,
not far from the Golden Gate. It is opened by a shaft, from which a crosscut
runs nortltwest. It is stated by the foreman that there are ¥ small ore shoots
in this mine, and the quartzite is strongly faulted up to the northwest at the end
of the crosscut tunnel. -

Blacktail (#).—Directly south of the Golden Gate shaft und on the south
side of Blacktail Gulch is a mive which has produced a considerable amount of
ore, but for which the writer could get no distinctive name. It is opencd by
four tunnels, separated from one another by slight northeast-southwest faults.
There are seven -small shoots following fractures, which trend N. 30° E., N. 43°
E.. N. 20° E., and N, 50° E. The largest' stope occurs at the intersection of
a system of N. 20° E., with N. 50° E. fractures. .

Wells Furge mine.~—The Wells Fargo mine is located on the south side of
Blacktail Guleh, west of the cross roads that lead into Tetro (Gulch. There are
two »ets of workings, of which the western series is higher in elevation than the

eastern on account: of the strong easterly dip of the Cambran strata. The
western series of WoFkings 1s opened by a crosscut trending 'southeas‘t and com-
prises ten small narrow, shoots that follow small fractures which trend N. 65° E,
and N. 57° K., with a few minor intersecting shoots trending N. 20° E, and
N. 329 K. The lower workings are cast of those just described. and comprise
_ong large shoot of ore trending N. 55° E. and three smaller shoots trending
N. 47 E., N. 50° E., and N. 6%° K. The fractures are very tight, and can not
be seen except in the faces of ore at the end of the ~hoots. Titey do not extend
into the shales that overlie the ore. i
American Hrpress mine.—The American Express mine 13 opened by a wunnel
running northward from the bed of Sheeptail Gulch about one-half mile west of its
junction with Blacktail.  The workings which lie just south of those of the
Wells Fargo are upon the basal Camnhrian quartzite and in dolomite of the hard,
blue crystalline variety. Ahove the ore-hearing beds about 15 fect from the
quartzite is a sill of fine-grained rhyohte., The struta dip to the east at an
angle of 10° to 15°. There are nine ore hodies 1n the mine. of which four are
of considerable ~ize. The largest is 50 feet wide ut the center and was formed
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by four systems of fractures trending N. 40° to 45° E., N. 507 to 55° E., N. 60°
to 65° E., and N. 85¢ E. From the east end of this large: ore shoot a crosscut
runs north and intersects twelve small shoots;.of . which three trend N. 85°;. three
N. 45° to 45° E.; two N. 50° to 55° E. ; and four N. 60° to 65° E. The".orc .
hodies: become larger where the fractures striking N. 85° E. interscet thosec
striking N. 40° F. The fractures passed from the ore into the overlying sill of
rhyolite. All' of the ore bodics in this mine except the large shoot on the
east lie from 5 to 7 feet above the quartzite.the ore resﬁing on a floor of blue
dolomite of exactly the same character as the walls and immediately beneath a
a roof either of fine. impervious shales or of .rhyolite.. The ore mined was all

. of the sulphide variety and yielded fair.average values.

v

. _YELLOW CREEK AREA.

- Donelson fraction.—The Donelson fraction comprises two ore shoots, the
larger following the zone of fracture with a general direction of N. 12° W.. Tt
is opened by drifts at two points; the first is a little north of the porphyry
knoll which ‘occupies the center and narrow southerly portion of the divide
between Whitewood and. Yellow crecks; the other is an incline a little more
- than 700 feet southwest of this point.. Abouf 800 feet southwest of the north
opening of .the mine an ore body, following a fracture whose strike is about N.
602 E., enters the main shoot. This fracture extends northeast, as far as that
~which has produced the main ore body by which it.is.abruptly cut off, not
appearing upon the other side. At the south cnd of the mine the ore body bends
s]igﬁtly to the southeast and divides into two portions, which trend S..20°.E.;
-and extend into the Kickapoo claim, At the north end the fracture is of an
_extremely irregular form. The ore body varies from.6 to 30 feet in width and
is about 14 feet' in thickness. The roof is a decomposed shale; the walls are

oxidized, iron-stained, and banded dolomite. . The ore is reported .to have yielded

values averaging ahout $30 per ton. At many places in this mine the quartzite
which underlies the ore carries from $15 to $25 per ton in gold but is alw&y
" much lower in grade than the main body of the-ore.

Wasp No. I.—Directly east of the Donelson fraction is the \Vasp \0 2.
Two series of ore. bodies of very small size, but often of considerable length,
were here mined. Fractures are completely obscured by the very decomposed
character of the roof. . Five of the. ore shoots trend N. 45° W.;. three of the
~longer :v,hoots N. 33 to 88° E.; two, N. 80° E.. Two small shoots trend N, 3°
E., and complete the series. :

Waap No. 8, Little Blue, and Little Blue fraction.—Four hundr ed feet southwest
g of the-south end of the Donelson mine are'the Wasp No, 2, Little Blue, and Little
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Blue fraction, while south of these mines a short distance are the Wasp No. 4 and
Minnie mines. The workings of all these mines are connected with one-another.
The ore lies directly upon the quartzite, and except in certain portions of theMinnie
mine carried high values. The shoots vary from 5 to 40 feet in width 'and are
generally 5 to 6 feet in”thickness. In all but a few cases the roof is a much decom-
posed shale. Lagging has generally obscured the fraetures, but the ore bodies
trend generally N. 37% to 40° E. There are minor oré bodies striking north and
south and N. 12° W. A few other shoots are present which follow directions
undetermined. Quantities of barite oceur in the ore, and irregular porphyry
dikes are found with considerable frequency.

In the \Vasp No. 2 mine o large irregular porphyry mass, striking cahght.ly west
of north, faults the Cambrian about 20 fect. As it proceeds toward the south it

" becomes divided into two dikes, on the west side of either of which is a fault with a

small downthrow of ahout 8 or 10 feet. Between these two dikes is a small stope
ahout 40 feet wide and 60 feet in length. One of the porphyry dikes curves up over
the ore so that the space is almost entirely inclosed in porphyry. This small body
of ore is reported to have yielded $75,000. From several of these mines deposits of
granular wolframite were mined. It occurs in nodules and'us rims to the main body
of the ore. Inone case the wolframite was ohserved forming kidney-shaped masses
in the decomposed dolomite heds a few inches from the quartzite. Much of this is
reported to have contained high values in gold, and was shipped to the sinelter and
treated for that mineral before its value as an ore of tungsten wax retognized.

Two Strike and Little Pitisbury mines.
quantities of siliceous ore and are more important in connection with the tungsten

These mines have vielded hut small

deposits discussed on page 16+, The ore lies on the basal guartzite and earries barite
and quantities of granular wolframite, which itself contains radiating crystals of

_erlte and cavities lined with scheelite. Some of the siliceous ore contains long,

acicular erystals of stibnite radiating from a center like the spicules of a radiolarian.

SQUAW CREEK AREA.,

lenpatra mine.~The Cleopatra mine is situated on Squaw Creek, just above its
junction with Spearfish Creek. The ore occurs as a replacement of dolomite along
fractures which strike nearly east and west. There were some small bodies of flat
siliceous ore opened at the time the mine was visited, but no large ore shoots were
discovered. Sinee this report was written this mine has become an important
producer. See page 152,
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PLATES II TQ. XX.

Southem Deadwood-Terra open cut.

Specimen of slate showing relation of folding to lamination. .

Sketch wap of a portion of the northern Black Hills, showing the location of the several
special maps included in this paper. '

General geologic map of the northern Black Hills, shomng the location of the various
productive mining areas and their relation to the sedimentary formations.

Geologic map of Lead and vicinity, showing the location of the auriferous gravels at the
bage of the Cambrian and the general geology in the neighborhood of the Home-
stake: lode.

Garnetiferons ore from the Pierce stope, Homestake mine, showing secondary quartz intro-
duced between () shattered garnet (B) and scattered carbonate.

Bketch map of the Clover Leaf mine, showing relation to suriace geology.

Map showing "the principal shoots of refractory siliceous ore in the Bald Mountain area
and their relation to surface geology. '

Dolomite or ore-bearing rock: 4, xenomorphic variety; B, antomorphic variety.

Type cross sections of siliceous ore shoots, showing varying forms: 4, Simple fracture
without mineralization (from occurrence in the Penobscot mine, Garden area) B,
Slightly inclined fracture with incipient mineralization (Little Bonanza mine, Bald
Mountain area); C, Showing the great vertical and limited lateral extent of ore shoot
arising from the mineralization along a strong open fracture (Penobscot miine, Garden
area); D, Showing concentration of ore beneath shale roof and its tendency to narrow
as followed downward to the quartzite; K, Nearly circular shoot in clearly marked
dolomite ‘beds (the B shoot, Tornado mine, Bald Mountain area); F, Showing coales-
cence of mineralization along adjoining fraetures, which become extremely tight above
(Isadorah mine, Bald Mountaih area); 7, Showing bands of waste in the ore produced
by the occurrence of less easily mineralized shale between beds of dolomite; I, No. 3
ghoot of Union mine north of the crosscut, Bald Mountain. area, showing manner in
which the greatest thickness of ore cccurs. along the ** vertical” or fracture; I, Man-
ner in which beds of impure dolomite above the main ore body are partially replaced
{Alameda open cut, Portland district); J, Manner in which a large flat ore body aris-
ing from -a single complex fracture is concentrated beneath a bed of shale {No. 5
shoot, Double Standard mine, Bald Mountain area); X, Cross section of Tornado shoot
at the widest point, showing formation of immense flat body of ore on zone of inter-
secting fracture. ‘

A, Composite fracture or “vertical,”’, as seen In open cut of the Cleopatra mine, Squaw
Creek: B, Minegralized fractures or ‘‘verticals’’ in porphyry near the mouth of the

" Little Bon'anz‘z mine, on south side of Fantail Gulch.

Plan -of a portion of the Welcome mine.-

Microscopic sections of siliceous ore from the Ross-Hannibal mine: A, 'mthout the polar—
izer; B, with the polarizer:

Microscopic sections of siliceous ore, showing the perfect preeervatlon of the details of the
original rock texture after complete replacement by silica: A4, without the polarizer;
B, with the polarizer. .

Banded siliceous ore, No: £ shoot, Union mine, shovnng the preservamon of sedimentary
dedmg in the ore.

Geologic map of Ragged Top Mountain and vicinity, showing pomtlon and direction of the

" main Ragged Top ‘‘verticals,”” also the location of the Ulster mine.

Plan and crogs section of the Hawkeve-Pluma mine, sho“mg the geo]oglc relations of the
gold-bearing Cambrian conglomerate.

Eagt-west cross section of the Tornado mine.

Plan and east-west cross section of the Great Mogul mine.
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SOUTHERN DEADWOOD-TERRA OPEN CUT.



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER NO. 26 PL. ill

SPECIMEN OF SLATE SHOWING RELATION OF FOLDING TO LAMINATION.
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THIN SECTIONS OF HOME STAKE ORE
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DOLOMITE, OR ORE-BEARING ROCK.

A. Xenomorphic variety. Shows cleavage of the dolomite, which forms the greater part of the rock; also grains
of detrital quartz.” Analysis on page 121.

B. Automorphic variety, Shows complete rhombs or crystals of dolomite, of which the rock is made up. This
structure may be seen preserved in the ore shown in Pl. XV, 4.
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A. COMPOSITE FRACTURE OR "VERTICAL,” AS SEEN IN OPEN CUT OF THE B. MINERALIZED FRACTURES OR “VERTICALS"” IN PORPHYRY NEAR THE
CLEOPATRA MINE, SQUAW CREEK. MOUTH OF THE LITTLE BONANZA MINE, ON SOUTH SIDE OF FANTAIL
GULCH.
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PLAN OF

A PORTION OF THE WELCOME MINE

BLACK HILLS, SOUTH DAKOTA

Showing a flat ore body of considerable horizontal extent
formed by the combined action of solutions rising through a
mumber of closely spaced fractures

BydJ.D. Irving
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SILICEOUS ORE FROM THE ROSS-HANNIBAL MINE.

A. Seen without the polarizer. Shows the dark mineral, pyrite, and the light mineral, quartz (k).
B. Seen with the polarizer. Shows the separate individuals of silica forming the ore.
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SILICEOUS ORE.

A. Seen without the polarizer. Shows the perfect preservation of the form of the dolomite rhombs after complete
replacement by silica.

B. Seen with the polarizer. Shows that the rock is completely changed to silica.
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BANDED SILICEOUS ORE, NO. 2 SHOOT, UNION MINE.

Shows the preservation of sedimentary bedding in the ore, the banding here seen being continuous with that of the inclosing stratified rocks.
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fracture groupsin.......... 130
geologic featuresof . _.,...... . 113
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Baltimore mine, deseription of ...t .20
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N surface workings of. ...... e earaeraeateareaanaen 92-93

68 | Cold Creek, refractory siliceous ores on,occurrence of. 162
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oecurrence of, as a gangue mineral 68
in Homestake mines ............ e 92
plate showing varietics of . .. P ) K
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Fluotite, cecurrence of, in refractory siliceous ores ... 159
origin of, in refractory siliceous ores ..... 138
Folger mine, deseription of 204
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rhyolite intrusions in...... O (1]
topography associated with ... .. ... 103
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Gushurst and Manchester mine, deseription of. .., .. 202-203
Gypsum, occurrence of, in refractory siliceous ores... 139
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Highland shaft, open cut between Star shait and 60

Highland Company, stamp millsof ..._.._ ..
Hillebrand, W. F., analyscs of wolframite by .

analysis by, of dolomite [rem Tornado mine...... 121
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fractures in, relation of, to eruptive rocks .. .. 132
ore shoot of lengthof .. oo, .ol 125
Magsive ore, - -See'Homestake mines, ores of,
Merit Xo. 2 mine, ore in, stratigraphic position of .._.. ‘171
Mesozoic rocks, lithologic- charaeter and thickness of,
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