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STUDIES RELATED TO WILDERNESS 

Bureau of Land Management Wilderness Study Areas

The Federal Land Policy and Management Act (Public Law 94-579, October 21, 
1976) requires the U.S. Geological Survey and the U.S. Bureau of Mines to conduct 
mineral surveys on certain areas to determine the mineral values, if any, that may be 
present. Results must be made available to the public and be submitted to the President 
and the Congress. This report presents the results of a mineral survey of part of the 
Jacumba (In-ko-pah) (CDCA-368) Wilderness Study Area, Imperial County, California.
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SUMMARY

Abstract
This report presents the results of a mineral 

survey of part of the Jacumba (In-ko-pah) Wilderness 
Study Area (CDCA-368) that was designated by the 
Bureau of Land Management as suitable for mineral 
surveys. In this report, the area studied is referred to 
as the "wilderness study area", or simply "the study 
area." The study area encompasses approximately 
28,443 acres in southwestern Imperial County, Calif. 
Field work for this report was carried out between 
1983 and 1985. Numerous mines, prospects, and claims 
are present in the study area, but none are being 
actively mined or prospected. Three sites inside the 
study area have identified limestone resources that 
total about 1.8 million tons. Four areas in the 
northwestern, northern, and eastern parts of the study 
area have high potential for undiscovered limestone 
resources. Two north-trending belts in the western 
and eastern parts of the study area have low resource 
potential for tungsten.

Character and Setting

The Jacumba (In-ko-pah) Wilderness Study Area 
is located between the Peninsular Ranges province on 
the west and the Yuha Desert on the east (fig. 1). The 
United States-Mexico border forms the south boundary 
of the study area. Much of the area is characterized 
by rugged topography. Maximum relief in the study 
area is about 3,400 ft. A semiarid climate and 
chapparal vegetation are found at the higher 
elevations, whereas an arid climate and desert plant 
communities are characteristic of lower areas.

The study area is underlain by Cretaceous (66 to 
138 million years before present (Ma); see appendix for 
geologic time chart) plutonic rocks of the Peninsular 
Ranges batholith (informal name). The batholith is 
composed of a variety of plutons that intruded 
metamorphosed Paleozoic and Mesozoic sedimentary 
and volcanic rocks. Neogene (24 to 1.7 Ma) marine and 
alluvial deposits unconformably overlie the uplifted 
and deeply eroded batholithic rocks in the study area, 
and faults of the Elsinore fault zone cut both the 
batholithic rocks and the sedimentary deposits. 
Evidence of mining or prospecting activity was found 
at 26 sites in, or just outside of, the Jacumba (In-ko- 
pah) Wilderness Study Area. In 1983, 106 claims were 
held in 13 claim groups. At that tim£, none of the 
claims or sites was being actively mined or 
prospected.

Identified Mineral Resources and Resource Potential

Geologic and geochemical studies, and an 
evaluation of known mineral occurrences indicate 
locally high potential for undiscovered limestone 
resources in three areas in the northern part of the 
study area and in one area in the eastern part. In 
addition, a northwest-trending belt in the western part 
of the study area and four irregular areas that define a 
north-trending belt in the eastern part have low 
potential for tungsten resources (fig. 2).

Metasedimentary strata of Paleozoic and 
Mesozoie(?) age that are present as steeply dipping 
tabular bodies, or screens, within granitic plutons in 
the study area locally contain abundant limestone 
(metamorphosed to marble). Known deposits in the 
study area contain identified resources of about 1.8
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million tons of limestone, although economic 
conditions are unfavorable for the development of 
these small deposits at the present time. Abundant 
deposits of high-quality limestone are present in the 
Coyote Mountains to the north.

Tungsten-bearing skarn deposits are present 
between marble-bearing metasedimentary screens and 
surrounding plutons. These small, irregular, and 
sporadically mineralized skarn deposits are probably 
the source of widespread anomalous concentrations of 
tungsten, molybdenum, and tin, and localized gold, 
silver, bismuth, and zinc anomalies in stream 
sediments in the study area. Rock samples from 
several skarn deposits contain significant amounts of 
tungsten. Although known tungsten occurrences inside 
the study area are too small or low grade to be 
considered resources, undiscovered resources may 
exist. Thus, areas of skarn deposits and metasedi 
mentary screens in the study area have low resource 
potential for tungsten. No potential for geothermal 
energy, uranium, or oil and gas resources was 
identified in the study area.

INTRODUCTION 

Area Description

The Jacumba (In-ko-pah) Wilderness Study Area 
(CDCA-368) occupies 28,443 acres in the southwest 
corner of Imperial County, Calif, (fig. 1). The study 
area is located in the southeastern part of the 
Jacumba Mountains, which forms the eastern faulted 
escarpment of the Peninsular Ranges immediately 
north of the international border with Mexico. The 
Jacumba Mountains rise above the Yuha Desert, which 
is the western part of the Imperial Valley, a broad 
alluvial valley that lies partly below sea level. The 
study area is roughly bisected by north-northwest- 
trending Davies Valley (fig. 1), which was eroded along 
a major fault zone that separates high-standing 
batholithic rocks on the west from low hills that 
expose metasedimentary rocks and Neogene volcanic 
and sedimentary rocks on the east. Other north- 
trending faults cross the eastern and western parts of 
the study area, and part of the Elsinore fault zone 
bounds the study area on the east (fig. 2). These faults 
have produced a rough stair-step topography in which 
fault-bounded blocks are progressively lower to the 
east. Elevations range from about 4,000 ft in the 
western part of the area to about 600 ft near the 
eastern front of the range. The climate of the region 
is arid, with rainfall ranging between 3 and 4 in. per 
year (Morton, 1977) and summer temperatures often 
exceeding 100 to 110 °F at lower elevations.

Access to the area is chiefly from California 
Highway 98, which extends south from Interstate 8 to 
Calexico. Several dirt roads maintained by the Bureau 
of Land Management lead southwest from California 
Highway 98 into the eastern part of the area. On the 
west side of the study area, a jeep trail leads from 
Jacumba Valley to the PK mine (fig. 2, No. 26).

Previous and Present Investigations

This mineral resource study is a joint effort by 
the U.S. Geological Survey and the U.S. Bureau of 
Mines. The history and philosophy of such joint 
mineral surveys of U.S. Bureau of Land Management 
Wilderness Study Areas were discussed by Beikman and 
others (1983). Mineral assessment methodology and 
terminology were discussed by Goudarzi (1984). See 
appendix for the definition of levels of mineral 
resource potential and certainty of assessment. 
Studies by the U.S. Geological Survey are designed to 
provide a reasonable scientific basis for assessing the 
potential for undiscovered mineral resources by 
determining geologic units and structures, possible 
environments of mineral deposition, presence of 
geochemical and geophysical anomalies, and applicable 
ore-deposit models. The U.S. Bureau of Mines 
evaluates identified resources at individual mines and 
known mineralized areas by collecting data on current 
and past mining activities and through field 
examination of mines, prospects, claims, and 
mineralized areas. Identified resources are classified 
according to the system described by U.S. Bureau of 
Mines and U.S. Geological Survey (1980).

The Jacumba (In-ko-pah) Wilderness Study Area 
includes parts of the In-ko-pah Gorge and Coyote Wells 
7.5-minute quadrangles. Published geologic maps by 
Brooks and Roberts (1954) and Morton (1977) describe 
the geology of the region. Unpublished mapping by 
T.W. Dibblee, Jr. (written commun., 1943) covers part 
of the Jscumba Mountains. The U.S. Geological 
Survey carried out field investigations in the study 
area between 1984 and 1985. The work included 
geologic mapping and whole-rock and stream-sediment 
sampling for geochemical analyses and radiometric 
dating. A total of 52 panned heavy-mineral 
concentrates from stream sediment samples were 
analyzed; the analytical data are given in Detra and 
Kilburn (1985).

The U.S. Bureau of Mines conducted a library 
search for information on mines and prospects in and 
adjacent to the study area. Mines and prospects in and 
near the study area were described by Sampson and 
Tucker (1942) and Morton (1977). These data were 
supplemented by information from U.S. Bureau of Land 
Management mining claim and land status records. 
Claim owners were contacted when possible. Field 
studies by U.S. Bureau of Mines personnel were carried 
out in the fall of 1983. Rock samples collected from 
outcrops, prospects, and mines were analyzed for a 
variety of elements by fire-assay, atomic absorption, 
colorimetr c, X-ray fluorescence, plasma 
spectrographic, and semiquantitative spectrographic 
methods. Detailed sample data are presented in 
McHugh (1985).

Acknowledgments

The authors gratefully acknowledge Sean 
Hagerty and Steve Nelson of the Bureau of Land

D3



32
° 

45

11
6°

05
'

11
6°

00
'

A
n
c
ie

n
t 

sh
o

re
lin

e
 

/ 
o
f 

L
a

ke
 

C
a
h
u
ill

a
 

f

A
P

P
R

O
X

IM
A

T
E

 B
O

U
N

D
A

R
Y

 
O

F
JA

C
U

M
B

A
 (

IN
-K

O
-P

A
H

)
W

IL
D

ER
N

ES
S 

ST
U

D
Y

A
R

E
A

 (
C

D
C

A
-3

68
)

-' 
Q

T
s

32
°

40
'

11
5°

55
'

I

Y
U

H
A

 

D
E

S
E

R
T

G
ra

ve
l 

pi
t

b 
x

H
/D

 L
s

Q
s

Q
T

s_
_

_
.

2 
M

IL
E

S

F
ig

ur
e 

2.
 

M
in

er
al

 r
es

ou
rc

e 
po

te
nt

ia
l a

nd
 s

im
pl

ifi
ed

 g
eo

lo
gy

 o
f t

he
 J

ac
um

ba
 (

In
-k

o-
pa

h)
 W

ild
er

ne
ss

 S
tu

dy
 A

re
a,

 
Im

pe
ria

l 
C

ou
nt

y,
 C

al
ifo

rn
ia

.



Ls
 

W Q
l

Q
s 

Q
Ts Tj

 
Ts

m
K

ip
 

K
gm pb

E
X

P
L

A
N

A
T

IO
N

A
re

a 
w

ith
 h

ig
h 

m
in

er
al

 r
es

ou
rc

e 
po

te
nt

ia
l 

A
re

a 
w

ith
 lo

w
 m

in
er

al
 r

es
ou

rc
e 

po
te

nt
ia

l

M
in

e 
w

ith
 

re
co

rd
ed

 p
as

t 
pr

od
uc

tio
n 

S
ee

 t
ab

le
 1

 f
or

 
de

sc
rip

tio
n

S
ee

 a
pp

en
di

x 
fo

r 
de

fin
iti

on
s 

of
 m

in
er

al
 r

es
ou

rc
e 

po
te

nt
ia

l a
nd

 
le

ve
ls

 o
f c

er
ta

in
ty

C
om

m
od

iti
es

Li
m

es
to

ne
 

Tu
ng

st
en

G
eo

lo
gi

c 
m

ap
 u

ni
ts

La
cu

st
rin

e 
de

po
si

ts
 o

f 
La

ke
 C

ah
ui

lla
 (

Q
ua

te
rn

ar
y)

 
S

ur
fic

ia
l d

ep
os

its
 (

Q
ua

te
rn

ar
y)

 
S

ed
im

en
ta

ry
 r

oc
ks

 (
Q

ua
te

rn
ar

y 
an

d 
Te

rti
ar

y)
 

Ja
cu

m
ba

 V
ol

ca
ni

cs
 o

f M
in

ch
 a

nd
 A

bb
ot

t (
19

73
) 

(T
er

tia
ry

) 
S

pl
it 

M
ou

nt
ai

n 
Fo

rm
at

io
n 

of
 W

oo
da

rd
 (

19
74

) 
(T

er
tia

ry
) 

To
na

lit
e 

of
 L

a 
P

os
ta

 (
C

re
ta

ce
ou

s)
 

To
na

lit
e 

of
 G

ra
ni

te
 M

ou
nt

ai
n 

(C
re

ta
ce

ou
s)

 
P

re
ba

th
ol

ith
ic

 
m

et
as

ed
im

en
ta

ry
 

ro
ck

s 
(M

es
oz

oi
c 

an
d 

P
al

eo
zo

ic
?)

C
on

ta
ct

F
a

u
lt 

D
a

sh
e

d
 w

he
re

 a
pp

ro
xi

m
at

e;
 d

ot
te

d 
w

he
re

 c
on

ce
al

ed
. 

B
ar

 a
nd

 b
al

l o
n 

do
w

nt
hr

ow
n 

si
de

G
eo

ch
em

ic
al

 s
am

pl
e 

si
te

 

P
ro

sp
ec

t

M
in

es
, 

p
ro

sp
e
ct

s,
 

an
d 

d
e
p
o
si

ts
 S

e
e
 

ta
bl

e 
1 

fo
r 

de
sc

rip
tio

ns
. 

U
nd

er
lin

e 
in

di
ca

te
s 

id
en

tif
ie

d 
re

so
ur

ce
.

1 
M

ou
nt

ai
n 

S
pr

in
g 

lim
es

to
ne

 d
e
p
o
si

t 
 

Id
en

tif
ie

d 
re

so
ur

ce
 e

xt
en

ds
 in

to
 

st
ud

y 
ar

ea
2 

M
ye

r 
V

al
le

y 
pr

os
pe

ct
3 

U
nn

am
ed

 p
ro

sp
ec

t
4 

C
ha

in
 p

ro
sp

ec
t

5 
U

nn
am

ed
 p

ro
sp

ec
t

6 
W

hi
te

 C
hr

is
tm

as
 d

ep
os

it 
(B

ro
nk

o 
cl

ai
m

s)
7 

S
to

ne
 q

ua
rr

y
8 

U
nn

am
ed

9 
U

nn
am

ed
 p

ro
sp

ec
t

10
 E

as
y 

P
ic

ki
ns

 p
ro

sp
ec

t
11

 
W

hi
te

 H
op

e 
lim

es
to

ne
 d

ep
os

it
12

 R
ed

 S
ch

is
t 

pr
os

pe
ct

13
 W

ea
ve

r d
ep

os
it

14
 H

em
at

ite
 p

ro
sp

ec
t

15
 U

nn
am

ed
 p

ro
sp

ec
t

16
 U

nn
am

ed
 p

ro
sp

ec
t

17
 U

nn
am

ed
 p

ro
sp

ec
t

18
 U

nn
am

ed
 p

ro
sp

ec
t

19
 U

nn
am

ed
 p

ro
sp

ec
t

20
 G

ol
de

n 
A

lte
r 

pr
os

pe
ct

21
 U

nn
am

ed
 p

ro
sp

ec
t

22
 R

oa
rk

 m
in

e 
(G

ra
ph

ite
 c

la
im

)
23

 N
or

th
 s

ta
r 

pr
os

pe
ct

24
 G

al
-W

hi
te

 l
im

es
to

ne
 d

ep
os

it
25

 U
nn

am
ed

 p
ro

sp
ec

t
26

 P
K

 m
in

e 
(E

lli
ot

t m
in

e)

t_
1'

^
>

!^
C

O
E

o
rp

 
C/

3 

ED
 

  
O

 
^_

i 
a
 ^

 
*
 

g
'

S
Z

!
^
"
 
-
 

^
c
s
g
q

1
3
 

®
 

"^
 

a
 
^
 

i-
b

 
3
 

05
 

2
0

) 
rt>

 
g

j 
  

3
 
a

 
w

 
S

to
 5

1 
05

 
O5

o 
3 

§.
8

3
 

r*

3
 

fl)
 

3 
fcT

1

" 
B-

 
5

1
s 

5. 
5' 

fir
0"

13
 

Jfi
 

 
 

13
S3

 
C

i

o
r 

S
f

3 
S

W
 T

O

fc ij: C
" 

O °
g

g
>

»
 

=
Co

 
fD

 
JB

 
^
 O

9
E

 o
 &

 *

3
- 

fp
 

E
T

 
C

 
O

 
05

05
 

CO
 

3
 

3
 

3
**

  
FB

 
3

 
?
i 

<-
» 

F
ig

ur
e 

2.
 

C
on

tin
ue

d.

C
>

S
o

 
CT

 S
 3

 
B

 
^
 §

TO
^*

 
O

jP
"
 

Qs
1"^

1^
^

C
 

CL
 3

 
O

fQ
 

S
 

Q
-

2
 S

 T
3 

"^
 
^
 "

  ' 
 C

 
^
 

O
°
«
3
^
Z

w
§
,a

T
s
-
-

N> 
a 

c 
|- 

a' 
o 

3 
a

-^
^J

 2
s 2

- s
r 

S 
S- 

^c
^*

rn
 

0
*
1
3
5
"
^
^
^
"

J
j
 

*
^
 
3
 

^
^
 
3
 

^
^
 

H
V

 
H

^

O
r
f
 
^
 

*
 

*
^
 

f
l
)
 

f
l
)
 

W
 

^
 

S
*

Minera
l 

Depos
its

Two
 

princi
pal depo
sit 

type
s were examine

d 
by

the
 

U.S
. 

Burea
u of
 

Mines
: 

(i
) limeston

e 
(metamorp

hosed to
 

marbl
e) 

in
 

screens consist
ing of
 

metasedime
ntary rock
s surrounde
d 

by
 

plu
 

tonic
 

rock
s 

and
 

(2
) bodie
s 

of
 

tungsten-be
aring skarn

 
associate

d 
with

 
contacts

 
betwee

n 
limestone-be

aring screens and

-0 Q l-
h

 
W 05 a. a 1̂ * w f 9.

 
1

 
S (t> CO 5" t-1 en 0

0 co

3 
i'

   
? 

w
£ ' 

w 
s

05
 

X
 

<D

W
 

fD

&
s 

=* 
2.

 S
 £

.
«S

 o
- s

.
  *

 2
.

2*
 5

° 
h->

w
 T

O 
w from

 
fanglome

rate and
 

stream
 

grav
el depos
its 

jus
t 

outsid
e 

the
 

north
 

and
 

east
 

boundarie
s 

of
 

the
 

stud
y 

area. Grave
l 

was bein
g 

quarri
ed from

 
a pi

t 
jus

t east
 

of

£? Q
. > rj CO £
J

TO -^

1-1 3 g 5T 5, o ^ ,_,. 3
-

0) stud
y area. 

Sand
 

and
 

grav
el have

 
been

 
mined

 
intermitte

ntly

w 5̂
' 

TO ra r* < <<
"

« Co p.
 

84)
. 

Both
 

depos
its were develop
ed 

jus
t outsid
e 

the

?.
 

193
, 

277)
. 

Diatomi
te 

at
 

the
 

Whit
e 

Christm
as 

depo
sit 

(fig
. 

2
, 

No
. 

6)
 

was firs
t claime
d in
 

1941
; 

no product
ion is
 

known
. 

Pyrocla
stic basal

t 
from

 
the

 
Weave

r 
depo

sit 
(fig

. 
2

, No
. 

13
) 

was mine
d 

durin
g the
 

1950'
s 

for
 

use as 
roofi

ng 
granu

les and
 

decorativ
e 

grav
el (Mort
on, 

197
7,

w d rO S pegma
tite dike

s 
and

 
a scheelite-b

earing skarn
 

zone at
 

the
 

Mica
 

Gem
 

min
e, 1.6
 

mi
 

wes
t of
 

the
 

stud
y 

area,
 

were prospec
ted between

 
1936

 
and

 
1940

 
(Web

er, 1963
,

£ S3 0
? o c  

3
 

" 

Q<
 o

3
 

""

 m
 

^
J4 05

 
L_

J
3 

2
05

 
<

3- 
*§

fl»
 ^

*
o 

o*
rj

 
05

5
»
 m

 s?
 o

 
5>

g
 

W
 

05

rj
 

05
3

 
3

 
O

05
 

5
, 

i->
s

w
 

" 
 p

?

3
 
°

r£
 

*
"'

 
^

C
 

2
. 

,_
K

f^
. 

3
 

O
 <

T
O

 
n other

 
prospe

cts insid
e the
 

stud
y area were develop
ed 

for
 

tungst
en 

durin
g 

governm
ent subsi
dy 

program
s 

between
 

1951
 

and
 

1958
. 

Origina
lly 

prospec
ted for

 
gol

d 
(Morto

n, 
1977

, 
p.

 
96)

, 
the

 
PK

 
mine

 
produc

ed 596
 

short
 

ton
 

unit
s of
 

tungst
en trioxid

e 
(11,9

20 Ib
 

WO3)
 

durin
g 

1954
 

and
 

1955
. 

The
 

Roark
 

mine
 

may
 have
 

produc
ed a 

smal
l amount
 

of
 

tungste
n. Coarse

 
muscovi

te in



plutonic rocks. Resources were identified on the basis 
of geologic evidence and sample data.

Limestone resources were identified at three 
sites in the study area. The Mountain Spring and White 
Hope limestone deposits are in the northern part of the 
study area (fig. 2, Nos. 1 and 11), and the Cal-White 
deposit is in the southeastern part (fig. 2, No. 24). The 
limestone is present as irregular lenses that dip 
moderately to steeply. The thickness of the lenses 
probably varies where concealed, and overburden 
increases rapidly with depth as a result of the steep 
dips. Resource projections are limited because of 
these factors. Geochemical analyses of samples from 
the deposits (table 1) suggest that the limestone is 
generally suitable for portland cement and agricultural 
uses.

Limestone was opencut mined at the Mountain 
Spring deposit just outside the study area. The main 
lens contains about 210,000 tons of limestone and 
extends inside the study area. At the White Hope 
deposit, two lenses of limestone are aligned parallel to 
foliation in enclosing gneissic tonalite. One lens 
contains approximately 175,000 tons of limestone. The 
second lens is not well exposed, but is estimated to 
contain 170,000 tons of limestone. At the Cal-White 
limestone deposit, lenses of limestone are intercalated 
with metasedimentary rocks and gneissic tonalite. 
This deposit contains an estimated 1.4 million tons of 
limestone resources.

Two prospects and an inactive mine in the east 
half of the study area (fig. 2, Nos. 18, 22, and 23) may 
have tungsten resources associated with skarn 
deposits. The diopside-tremolite-garnet skarn is in 
thinly laminated limestone and biotite schist along 
contacts with tonalite. Irregular quartz-tourmaline 
pegmatite dikes transect both the host rocks and the 
skarn. The calcium tungstate mineral scheelite 
(CaWO^) is disseminated in the skarn zones as blebs 
and in stringers. Although the scheelite-bearing zones 
are too sparsely mineralized or too small to constitute 
resources, additional sampling in unexposed parts of 
the zones might reveal tungsten resources.

Two scheelite-bearing skarn zones are exposed at 
the unnamed prospect 1 mi east of Davies Valley (fig. 
2, No. 18). A limestone lens at the Roark mine 
(Graphite claim, fig. 2, No. 22) is poorly exposed but is 
at least 25 ft thick; a weakly silica ted zone in the bed 
contains disseminated scheelite (Morton, 1977, p. 96). 
Segments of six skarn zones are exposed in workings 
and outcrops at the North Star prospect (fig. 2, No. 
23). One chip sample from a 3.2-ft-thick skarn zone 
contained 0.02 oz/ton gold and 1.66 percent tungsten 
trioxide (WOg); an 8-ft-thick shear zone in schist is 
enriched in manganese oxides. Samples from other 
workings and outcrops suggested only minor 
mineralization.

The PK mine (Elliott mine), located immediately 
outside the study area about 1,000 ft north of the 
international border (fig. 2, No. 26), is in a small roof 
pendant in tonalite that contains an irregular tungsten- 
bearing skarn body. Resource estimates based upon 
sampling of mineralized skarn at the 3,990, 4,000, and 
4,040 ft levels of the mine and upon an assumed 
downdip width of the skarn body of 60 ft indicate 
30,000 tons of low-grade ore with an average grade of 
0.19 percent WO 3 . One 9,000-ton segment of the

deposit also contains 0.06 oz/ton gold. At the 
estimated average 1985 price of $68/t WO 3 (metric 
ton unit of WO3, which contains 7.93 kg W) or $3.89/lb 
W (U.S. Bureau of Mines, 1986, p. 168), the value of 
tungsten ore in the deposit is $11.71/ton. The average 
grade of the deposit is low, and the roof pendant that 
contains the deposit is small. Underlying tonalite is 
exposed in the lower workings, ruling out downward 
extension of the mineralized zone. No associated 
tungsten occurrences are exposed in the study area.

The White Christmas diatomite deposit (Bronko 
claims) is located about 3 mi southwest of Ocotillo, 
just outside the study area (fig. 2, No. 6). Diatomite 
beds as much as 12 ft thick are present in Quaternary 
lake sediments in two erosional remnants. Two 
diatomite samples collected by the Bureau of Mines 
contained abundant sand, silt, and broken diatom tests, 
which limits use of the material for most filter 
applications. Loomis (1965, p. 4) estimated 3,000 to 
5,000 tons of material averaging 79 to 80 percent SiO2 
in the diatomite deposits, and possibly 30,000 to 50,000 
tons of similar material covered by unconsolidated 
sand near the deposit. No identified diatomite 
resources are inside the study area.

Appraisal of Mineral Deposits

The Cal-White, Mountain Spring, and White Hope 
limestone deposits contain indicated limestone 
resources of about 1.4 million, 210,000, and 175,000 
tons, respectively. The White Hope and Cal-White 
deposits are at the range front along the edge of the 
study area, making access relatively simple. The 
Mountain Spring deposit is in In-Ko-Pah Gorge along 
Interstate 8, where access might require construction 
of an interchange. Large, partially developed deposits 
of high-quality limestone are present 6 mi north of 
Ocotillo in the Coyote Mountains, where Bowen and 
others (1973) describe three deposits, each with more 
than 20 million tons of limestone resources. These 
deposits would probably be developed before the 
smaller deposits in the study area.

Known tungsten occurrences inside the study 
area are too small or low grade to be considered 
resources. The character of the known mineralized 
skarn bodies suggests that other such occurrences, if 
present, would be small, irregular, and only 
sporadically mineralized. Low prices have resulted in 
periodic, temporary closing of domestic tungsten 
mines in recent years. Tungsten is a strategic and 
critical commodity, and net reliance on imports in 
1985 was about 68 percent. Although U.S. demand for 
tungsten is expected to increase at an average annual 
rate of 16 percent through 1990 (U.S. Bureau of Mines, 
1986), development of such small deposits as might be 
expected to occur in the study area is not probable in 
the foreseeable future.

Diatomite deposits do not extend into the study 
area, and no large-scale development of the White 
Christmas deposit is expected. Very large deposits of 
relatively pure diatomite in other parts of California 
and in Nevada dominate domestic markets and provide 
exports to foreign markets.

Sand and gravel in alluvial fan deposits are 
mainly outside the study area along the east side of
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the range. In the northern part of the area, fan 
deposits mantle bedrock both inside and outside the 
study area. Development of sand and gravel deposits 
inside the study area is unlikely because similar 
deposits are available closer to major population 
centers.

ASSESSMENT OF MINERAL RESOURCE POTENTIAL

By Victoria R. Todd, James E. Kilburn, David E. Detra, 
Andrew Griscom and Fred A. Kruse 
U.S. Geological Survey

Geology

The southern part of the Jacumba Mountains is 
underlain by relatively undeformed plutons that are 
considered to belong to a late-tectonic to posttectonic 
intrusive sequence in the Peninsular Ranges batholith 
(Todd and Shaw, 1979). Similar plutons to the west in 
San Diego County have uranium-lead zircon ages that 
range from 95 to 100 Ma (Silver and others, 1979; 
Clinkenbeard and others, 1986). Thus, the plutons in 
the southern Jacumba Mountains are tentatively 
considered to be middle Cretaceous in age. Two 
plutons of this intrusive sequence crop out in the 
Jacumba (In-ko-pah) Wilderness Study Area. Strongly 
foliated late-tectonic tonalite forms most of the 
crystalline bedrock east of Davies Valley, whereas 
weakly foliated to massive posttectonic tonalite 
underlies much of the block west of Davies Valley (fig. 
2). Both plutons range in composition from 
hornblende-biotite tonalite to biotite granodiorite; the 
western pluton also includes leucocratic muscovite- 
biotite granodiorite. Pegmatite dikes are abundant in 
both western and eastern tonalite plutons.

Screens and inclusions of wallrocks in the study 
area consist of high-grade metasedimentary rocks of 
unknown age including metaquartzite, semipelitic 
schist, and marble, the last containing the limestone 
deposits mentioned in an earlier section of this 
report. These rocks may include two units deep- 
water arkosic and graywacke sandstones and shale 
(turbidites) with scarce interbedded carbonate rocks 
that crop out in San Diego County to the west (the 
Julian Schist) and a continental shelf sequence of 
quartz-rich sandstone, shale, and abundant carbonate 
that is present in the eastern part of the batholith. 
The Julian Schist is presumed to be Triassic and (or) 
Jurassic in age (Donnelly, 1934), while the eastern 
prebatholithic rocks are at least in part Paleozoic 
(Miller and Dockum, 1983). Therefore, the 
prebatholithic rocks in the study area are tentatively 
considered to be Paleozoic and Mesozoic(?) in age.

The wallrock screens contain concordant fine- to 
medium-grained granitic dikes that emanate from the 
surrounding plutons. Pegmatite dikes commonly were 
emplaced into contact zones between screens and 
tonalite plutons. Skarns developed locally where 
limestone was intruded by tonalite and (or) by granitic 
dikes. Retrograde alteration and oxidation of high- 
grade skarn minerals such as garnet and diopside led to 
local concentrations of epidote, clinozoisite, 
tremolite-actinolite, chlorite, hematite, limonite, and

calcite. Skarn minerals form irregular scattered 
lenses as much as 300 ft across that commonly are 
associated with isoclinally folded metasedimentary 
rocks. Scheelite occurs locally in skarn as 
disseminated blebs, stringers, and pods locally as much 
as 2 ft long but typically less than a few inches long.

The eroded crystalline basement of the southern 
Jacumba Mountains is overlain on the north and east 
by Miocene through Pleistocene sedimentary and 
volcanic deposits; remnants of Miocene deposits 
overlie the crystalline rocks on both sides of Davies 
Valley (fig. 2). These deposits are remnants of a thick 
(locally 20,000 ft) sequence of terrestrial and marine 
sediments and intercalated volcanic rocks deposited in, 
and marginal to, the Salton Trough. The Salton Trough 
is a complex rift valley that has been tectonically 
active since Miocene time (Gibson and others, 1984).

The Miocene Split Mountain Formation of 
Woodard (1974) crops out mainly east of Davies Valley 
(fig. 2). Patches of this formation are also preserved 
beneath the Jacumba Volcanics of Minch and Abbott 
(1973) in fault blocks west of Davies Valley. The Split 
Mountain Formation formed as a thickening wedge of 
coalescing alluvial fans during the early phase of uplift 
of the Peninsular ranges (Gibson and others, 1984). 
The formation underlies andesitic pyroclastic rocks in 
the northeast part of the study area. These volcanic 
rocks locally form a very thin, extensively faulted 
veneer over the Split Mountain Formation and possibly 
also over Quaternary sediments. The volcanic rocks 
may have been partly or wholly displaced by 
posteruptive gravitational gliding or large-scale 
landsliding during uplift of the Peninsular Ranges.

The Salton Trough was flooded by marine waters 
in early Pliocene time (Bell-Countryman, 1984). As 
the basin continued to subside, a shoaling series of 
alluvial fan, shoreline, and deep-water marine deposits 
was rapidly deposited conformably on the Split 
Mountain Formation and volcanic rocks. Gradationally 
overlying these predominantly marine deposits is a 
sequence of Pliocene and Pleistocene brackish-water 
to lacustrine sediments with marine interbeds, the 
Palm Spring Formation. The Imperial and Palm Spring 
Formations crop out east of the study area in the 
down-faulted Yuha Desert block, and in the badlands 
that lie north of the study area between the Coyote 
Mountains and the northern Jacumba Mountains. An 
undated sequence of alluvial fan sands and gravels 
overlies the Jacumba Volcanics in the northern part of 
the study area; these sediments may correlate with the 
Pliocene and younger Imperial and Palm Spring 
Formations, or may consist of Miocene strata.

The southern Jacumba Mountains probably began 
to rise as an uplifted fault block sometime during 
Pliocene time and then continued to be elevated during 
Quaternary time by north- and north-northwest- 
trending high-angle faults in Davies Valley and along 
the east flank of the range. A mosaic of north- and 
east-trending dip-slip faults in the northeastern part of 
the study area has produced a triangular graben 
composed chiefly of Miocene rocks; this graben is 
bounded on the west by a fault, or faults, under the 
alluvium of Davies Valley (fig. 2). The Laguna Salada 
fault, which lies about I mi east of the southern 
Jacumba Mountains, cuts Quaternary alluvium 
suggesting that the range-bounding faults may still be
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active. All of the above faults are part of the active 
Elsinore fault zone, which has undergone chiefly dip- 
slip motion south of 33° N. lat (Todd and Hoggatt, 
1979).

The most recent geologic feature adjacent to the 
southern Jacumba Mountains is the high shoreline of 
ancient Lake Cahuilla, which lies less than 1 mi east of 
the range. The lake originated by periodic flooding 
and overflow of the ancestral Colorado River into the 
Salton Trough (Morton, 1977). Although it probably 
existed as recently as several hundred years ago, the 
lake has probably formed and dried up repeatedly since 
at least late Pleistocene time. Fine-grained lake 
sediments in the northern part of the study area (the 
White Christmas diatomite deposit) (fig. 2, No. 6) and 
patchy lacustrine sediments east of the study area 
suggest that the earliest lakes may have extended 
westward into the valleys of the southern Jacumba 
Mountains (Morton, 1977).

Geochemical Studies

A reconnaissance geochemical survey of stream 
sediments was conducted in the study area in 1984 by 
the U.S. Geological Survey. Heavy-mineral 
concentrates were derived from fifty-two samples 
collected from streams that drain areas ranging from a 
fraction to several square miles within the study 
area. Each sample was sieved through a minus-80- 
mesh screen to remove the coarsest material and 
divided into light and heavy fractions using a 
bromoform mineral separation technique. The heavy 
fraction was further separated using a magnetic 
separator. All samples were analyzed for 30 elements 
by a six-step semiquantitative emission spectrographic 
method (Grimes and Marranzino, 1968). A complete 
listing of the analytical results can be found in Detra 
and Kilburn (1985). In addition, concentrates were 
examined optically for mineral identification.

Spectrographic analysis of the concentrates 
revealed widespread anomalous concentrations of 
tungsten and tin as well as numerous anomalous 
concentrations of barium, lead, and molybdenum. In 
addition, isolated local anomalous concentrations of 
gold, silver, bismuth, zinc, and strontium were noted. 
Mineralogically, the concentrates are characterized by 
abundant barite and scheelite coupled with an apparent 
absence of ore-forming sulfide and oxide minerals. 
Optical studies also identified gold at one sample 
site. Contaminating lead shot observed in the samples 
coincides with five of the nine anomalous lead 
concentrations.

The ubiquitous scheelite and accompanying 
tungsten anomalies are undoubtedly mineralogical and 
chemical manifestations of the numerous skarn 
deposits that are present in the study area. Anomalous 
concentrations of one or more of the elements 
molybdenum, tin, gold, silver, bismuth, and zinc, often 
constituents of tungsten-bearing skarns, are associated 
with the tungsten anomalies throughout the eastern 
part of the study area and in the western part near the 
PK (Elliott) mine. A skarn-related multiple-element 
anomaly is found in a minor drainage below the PK 
mine (Elliott mine) in the southwest corner of the 
study area. The anomalous trace-element suite here

included tungsten, tin, molybdenum, bismuth, gold, and 
silver. The sample contained a substantial amount of 
scheelite (50 percent) and several gold flakes. The PK 
mine, initially a gold prospect but later mined for 
tungsten, is situated within an irregular skarn body 
near the contact between a metasedimentary roof 
pendant and enclosing tonalite (Morton, 1977).

The tin anomalies appear to be a regional 
geochemical signature of the late-tectonic to 
posttec tonic intrusive sequence. Although no 
mineralogic or lithologic host was determined, it is 
possible that much of the tin may be derived from an 
accessory mineral or minerals disseminated throughout 
these granitic rocks. Additionally, skarns may have 
contributed in some measure to the tin anomalies.

The source of the barium and barite anomalies is 
uncertain. Although barite was identified as a minor 
component in most of the concentrates, the majority 
of barium anomalies are restricted to the region east 
of Davies Valley. This may represent structural 
control by the numerous faults that bound the valley 
and the eastern range front and (or) lithological 
control by the Miocene sedimentary rocks that occur 
mainly east of Davies Valley. Anomalous 
concentrations of strontium and barium are present 
jointly near the northeast boundary of the study area; 
the strontium may be a constituent of barite, having 
replaced barium in a solid solution series.

Most, and perhaps all, of the anomalous lead 
concentrations can be attributed to contamination 
rather than natural sources. Evidence includes lead 
shot fragments found in over half the anomalous 
samples and the failure to identify a lead-related 
mineral in any of the concentrates.

Geophysical Studies

Three aeromagnetic and gamma-ray 
spectrometer profiles (High Life Helicopters, Inc., and 
QEB, Inc., 1980) cross the study area. The data were 
collected along east-west and north-south traverses by 
helicopter at a height of 400 ft above ground. The 
magnetic data are nearly featureless because none of 
the rocks within the study area are particularly 
magnetic, except for some weakly magnetic volcanic 
rocks. The radioactivity data for these profiles show 
no anomalous amounts of uranium or thorium within, 
the study area.

Gravity data available for the study area (Oliver 
and others, 1980; Roberts and others, 1981) consist 
only of about 15 stations and do not contribute 
significantly to the mineral resource appraisal of the 
area.

The limonite mineral group has unique spectral 
reflectance characteristics that can be detected on 
Landsat images using a color-ratio compositing 
technique described by Rowan and others (1974). This 
technique was used to map areas of limonite in the 
Jacumba (In-ko-pah) Wilderness Study Area. Limonite 
occurrences in exposed bedrock are considered 
anomalous and may indicate the presence of 
hydrothermal alteration. The largest limonite 
occurrence is in the southeast corner of the study area 
and covers roughly 1 mi . This and several other 
limonite anomalies in the area seem to be associated
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with faulted parts of the tonalite of Granite Mountain 
(fig. 2). These areas are favorable for the occurrence 
of hydrothermally altered rocks. Scattered limonite 
occurrences within the study area coincide closely 
with the eastern of two zones of low tungsten resource 
potential (fig. 2) and, to a lesser extent, with the 
western zone. However, these occurrences are small 
and their areal extent does not indicate a large 
hydrothermal system if indeed they are associated 
with hydrothermally altered rocks. Other limonite 
occurrences are associated with volcanic rocks that 
also may be hydrothermally altered.

Conclusions

Geologic studies, geochemical sampling, 
examination of prospects and mines, and a review of 
the history of mine production in and near the 
Jacumba (In-ko-pah) Wilderness Study Area indicate 
that the study area contains two main types of mineral 
occurrences, both associated with pre-Cenozoic 
crystalline rocks. Metasedimentary strata of 
Paleozoic(?) age that are present as screens within 
tonalite plutons locally contain abundant limestone. 
Limestone resources were identified at three sites 
within the study area. The study area has a high 
potential, certainty level D, in four areas for 
additional low- to moderate-tonnage limestone 
resources in and near these deposits (fig. 2). See 
appendix for definition of levels of mineral resource 
potential and certainty of assessment.

The second type of mineral occurrence in the 
study area consists of relatively abundant skarn 
deposits. Rock samples from four localities in the 
study area contain significant amounts of tungsten and 
minor amounts of gold. Samples from the PK mine 
(Elliott mine) outside the study area contain tungsten, 
gold, and silver. Widespread occurrences of the 
tungsten mineral scheelite in stream-sediment 
concentrates in the study area probably originated in 
skarn deposits. Local anomalous concentrations of 
molybdenum, tin, gold, silver, bismuth, and zinc also 
probably are derived from tungsten-bearing skarns. No 
deposits of ore minerals containing these elements 
were found in the study area.

The parts of the study area that are underlain by 
known skarn deposits and (or) metasedimentary screens 
have low resource potential, certainty level C, for 
tungsten in skarns of metasomatic origin (fig. 2). 
Known tungsten occurrences inside the study area are 
too small or low-grade to be considered resources, but 
the widespread development of skarns in the study 
area indicates that other skarn bodies may be present 
at depth. Geologic evidence suggests that such 
occurrences will be small, irregular, and only 
sporadically mineralized. No potential for other 
mineral resources or for geothermal energy, uranium, 
or oil and gas resources was determined in the study 
area.
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Definition of levels of mineral resource potential and 
certainty of assessment

Definitions of Mineral Resource Potential

LOW mineral resource potential is assigned to areas where geologic, geochemical, and geophysical 
characteristics define a geologic environment in which the existence of resources is permissive. This 
broad category embraces areas with dispersed but insignificantly mineralized rock as well as areas with 
few or no indications of having been mineralized.

MODERATE mineral resource potential is assigned to areas where geologic, geochemical, and geophysical 
characteristics indicate a geologic environment favorable for resource occurrence, where interpretations 
of data indicate reasonable likelihood of resource accumulation, and (or) where an application of 
mineral-deposit models indicates favorable ground for the specified type(s) of deposits.

HIGH mineral resource potential is assigned to areas where geologic, geochemical, and geophysical 
characteristics indicate a geologic environment favorable for resource occurence, where interpretations of 
data indicate a high degree of likelihood for resource accumulation, where data supports mineral-deposit 
models indicating presence of resources, and where evidence indicates that mineral concentration has 
taken place. Assignment of high resource potential to an area requires some positive knowledge that 
mineral-forming processes have been active in at least part of the area.

UNKNOWN mineral resource potential is assigned to areas where information is inadequate to assign low, 
moderate, or high levels of resource potential.

NO mineral resource potential is a category reserved for a specific type of resource in a well-defined area.

Levels of Certainty

Z
LU

LU 
CJ 
DC

O
tt>
LU 
DC

O

U/A

UNKNOWN

POTENTIAL

H/B

HIGH POTENTIAL

M/B 

MODERATE POTENTIAL

L/B

LOW

POTENTIAL

H/C

HIGH POTENTIAL

M/C 

MODERATE POTENTIAL

L/C

LOW

POTENTIAL

H/D

HIGH POTENTIAL

M/D 

MODERATE POTENTIAL

L/D

LOW POTENTIAL

N/D

NO POTENTIAL

B C 

LEVEL OF CERTAINTY

A. Available information is not adequate for determination of the level of mineral resource potential.
B. Available information suggests the level of mineral resource potential.
C. Available information gives a good indication of the level of mineral resource potential.
D. Available information clearly defines the level of mineral resource potential.

Abstracted with minor modifications from:

Taylor, R. B., and Steven, T. A., 1983, Definition of mineral resource potential: Economic Geology,
v. 78, no. 6, p. 1268-1270. 

Taylor, R. B., Stoneman, R. J., and Marsh, S. P., 1984, An assessment of the mineral resource potential
of the San Isabel National Forest, south-central Colorado: U.S. Geological Survey Bulletin 1638, p.
40^2. 

Goudarzi, G. H., compiler, 1984, Guide to preparation of mineral survey reports on public lands: U.S.
Geological Survey Open-File Report 84-0787, p. 7, 8.
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GEOLOGIC TIME CHART 

Terms and boundary ages used by the U.S. Geological Survey in this report

EON

Phanerozoic

Proterozoic

Archean 

pre -Arc

ERA

Cenozoic

Mesozoic

Paleozoic

Late Proterozoic

Middle Proterozoic

Early Proterozoic

Late Archean

Middle Archean

Early Archean 

;hean 2

PERIOD

Quaternary

Tertiary

Neogene 

Subperiod

Paleogene 

Subperiod

Cretaceous

Jurassic

Triassic

Permian

Carboniferous 
Periods

Pennsylvanian

Mississippian

Devonian

Silurian

Ordovician

Cambrian

         -(3800?)- -

EPOCH

Holocene

Pleistocene

Pliocene

Miocene

Oligocene

Eocene

Paleocene

Late 
Early

Late 
Middle 
Early

Late 
Middle 
Early

Late 
Early

Late 
Middle 
Early

Late 
Early

Late 
Middle 
Early

Late 
Middle 

Early

Late 
Middle 
Early

Late 
Middle 
Early

        _

AGE ESTIMATES 
OF BOUNDARIES 

(in Ma)

- 0.010 

- 1.7

* » A

JO

*J\J

_ cc

- 96 
  no

1

one

- ~240

  9QO

oou 

ocn

- 410

  d?Rtoo

- 500

_ ^, C"7/"\1~D/U

  . Qnn

- 1600

£*j\j\j

OUVJU

- 3400

'Rocks older than 570 Ma also called Precambrian, a time term without specific rank, 

informal time term without specific rank.
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r
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e
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r
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t
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i
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p
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d
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h
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.
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