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STUDIES IN GEOCHRONOLOGY

LEAD-ALPHA AGE DETERMINATIONS OF ACCESSORY
MINERALS OF IGNEOUS ROCKS (1953-1957)

By Howarp W. Jarre, Davip Gorrrriep, CraubpeE L. WaRING,
and HeLen W. WorTHING

ABSTRACT

The U.S. Geological Survey completed lead-alpha age determinations of
accessory minerals from about 400 rocks between July 1953 and January 1957.
All the ages and the experimental data, equations, and constants from which
they were calculated are given in tabular form. A citation of the most probable
geologic age of each rock is included for comparison with the measured age.
The tabulation is followed by a geographic index of sample localities.

INTRODUCTION

Publication of the original report on the method of determining
the age of igneous rocks from the lead-alpha ratios of their accessory
minerals (Larsen and others, 1952) aroused considerable interest in
the application of the method to the solution of geologic problems.
Larsen has received numerous requests for age determination from
geologists engaged in field mapping of areas where the age of intrusive
rocks could not be established from field evidence because of poor
paleontologic and stratigraphic control.

In July of 1953, the U.S. Geological Survey established a project
to fill the numerous requests received for lead-alpha age determina-~
tions. Since then, determinations have been completed on accessory
minerals from about 400 rocks, most of which were submitted by
geologists of the U.S. Geological Survey. A few samples were sub-
mitted by State and foreign geological surveys. Ages were deter-
mined of a variety of predominantly silicic to intermediate type
igneous rocks representing most of the major bodies of intrusive rock
in the United States. A limited number of determinations were also
made on rocks from Mexico, Canada, Norway, Finland, France,
Ceylon, Nyasaland, Formosa, Greenland, British Territories in
Borneo, and Saudi Arabia.

A few determinations were made of detrital zircon from sedimentary
rocks to obtain information of potential use in provenance studies.
Although the geologist was advised against submitting metamorphic
rocks because of the uncertainty in interpreting the results, some
were received from those who believed that the age data might aid
in the interpretation of the geologic history of an area.
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66 STUDIES IN GEOCHRONOLOGY

The samples represented a geologic age span of Precambrian
through late Tertiary. From periods after the Precambrian several
rocks, whose geologic age has been established from good stratigraphic
and paleontologic control, were either solicited from the field geologist
or collected by the authors in the company of the field geologist in
order to test the geologic consistency of the lead-alpha method.
Many of the samples, however, represent intrusive bodies of question-
able to totally unknown geologic age. Although the determined ages
of many of these rocks cannot be properly evaluated from geologic
evidence, their publication at this time may provide useful information
to geologists engaged in field mapping of related rocks and to other
investigators in the field of geochronology.
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NATURE OF THE DESCRIPTIVE AND
EXPERIMENTAL DATA

This report presents a tabulation of the descriptive and experimental
data on all the rocks whose age has been determined by the lead-
alpha method. For each rock the data, wherever available, include:
Index number
Petrographic classification
Sample number
Geographic locality
Collector of the sample
Mineral used for age determination
Mesh size of the crystals used for age determination
Alpha activity of the mineral used for age determination
Total lead content of the mineral used for age determination
Lead-alpha age of the mineral
Geologic age ! of the rock from which the mineral was separated, based on geologic

evidence of the authority cited.

The citation of the geologic age was taken from published papers or
from written communications, whichever incorporated the results of
the most recent and complete field data for a given rock or area. In
this way, the reader can readily note the degree of consistency or in-
consistency of the measured lead-alpha age with the geologic age
assigned from stratigraphic, paleontologic, and field mapping investi-
gations. Where geologists disagree on the geologic age of a rock, both
field age assignments are given with the respective references.

A comparison between the lead-alpha ages and ages obtained by
isotopic methods is given by Gottfried and others (1959).

METHOD OF CALCULATION OF THE AGE

The lead-alpha ages reported herein were calculated from the age
equations and constants given and evaluated by Gottfried and others
from the measurements of the alpha activity and total lead content
of each accessory mineral.

The age equations, repeated here for convenience of the reader, are
as follows:

Range
(millions of years) Equation
0—200 =X Pb (ppm)
a per mg per hr
200—1,700 to=t—14 k2
1,700—4,000 T=(—14 k2) +3.4X 101 — 14 kt)3=¢,+3.4 X107

The constants, ¢ and £ are functions of the thorium to uranium
ralios of the different accessory minerals xenotime, zircon, and mona-
zite. The thorium to uranium ratio given for each mineral is an

1*he term “geologic age” is used in this report to refer to the divisions of geologie time founded on strati-
graphic-paleontologic evidence, as opposed to age expressed in number of years.
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average value selected from published analyses (Gottfried and others,
1959). These are as follows:

Selected
Mineral thorium-uranium ratio [3 k (X10-%)
Xenotime_ ..o .. e 0.5 2, 550 1.71
ZirCoNn - o e 1.0 2, 485 1. 56
Monazite - .. - o 25 2, 085 . 65

Where thorium and uranium have been experimentally determined for
specific minerals included in the age tabulation, the ¢ and % constants
were obtained directly from the curves of Gottfried and others.

The ages measured on accessory minerals from rocks of well-estab-
lished geologic age have been evaluated by Gottfried and others (1959);
Lyons and others (1957); Quinn and others (1957); and Larsen and
others (1958). This report is principally a complete compilation of
experimental lead-alpha age data obtained by the U. S. Geological
Survey between 1953 and 1957.

The spectrographic lead determinations were made by Claude L.
Waring and Helen W. Worthing. The alpha activity was determined
by Howard W. Jaffe and David Gottfried.

Where duplicate or replicate lead determinations were made on a
given sample of zircon, all the values are entered in the tabulation
and the mean value is used in the age calculation. All the lead-
alpha age determinations are reported to two significant figures with
the third and fourth figures in italics.

REPRODUCIBILITY OF THE AGE DETERMINATION

Replicate age determinations were made of zircon from the same
rock in 85 of the 411 rocks reported in the tabulation. Each age was
reproducible to 410 percent of the mean, or 10 million years, which-
ever is the greater, in all but three of the rocks. In these three rocks
each age was reproducible to only 10 to 34 percent of the mean. It
is therefore reasonable to assume that, generally, any single age
determination if repeated would be reproducible to 410 percent of
the mean or 10 million years. In a limited number of rocks, the age
of more than one mineral has been measured. The agreement be-
tween the ages of zircon, monazite, and xenotime, separated from the
same rock, is of the same order of reproducibility as obtained on dif-
ferent splits of zircon. The few determinations on thorite show a
poorer agreement with cogenetic zircon.

ARRANGEMENT OF THE DATA IN THE TABULATION

The lead-alpha age determinations are listed in tabular form in a
general order of increasing determined age. An attempt has been
made to group data from petrographic and geographic provinces so
that the entries do not always follow the strict numerical order of
increasing age. An index number preceding each entry is provided
for use in a geographic index following the tabulation.
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Geographic index of localities
Locality No.
British Territories in Borneo
West Sarawak

B e e e 46
Sebuyau_ .. e 190
Tanjong Datu 47
Tenting, Bedil 189

Canada
Alberta
Carbon. . e 54
British Columbia
Lower Arrow Lake distriet___ .- . 176
Washington-British Columbia border. . ... . ______ 175
Manitoba
Snow Lake-Herb Lake area_ __ - .t 391
New Brunswick
St. GeOrge. . o oo o e 243
Pocologan Harbor_ __ .. 244
Northwest Territories
Yamba LaKe. .o oo e 393
Ontario
Burgess County - - - o e 388
Essonville. - oo e 389
Frood mine. oo e 392
Renfrew County._ .. 386, 387
Quebec
Montreal . _ . e 220
Ceylon . e 315
Finland
Bodom . _ . e 312
Rovaniemi. oo e 310
Salonenkala_ .. . o e 311
Formosa
Northern Formosa.__ _ - o e 48
France
Vosges Mountains _ - . oL 192
Greenland
Thule area_ e 390
Mexico
Baja California._ ... . . 79, 80, 81, 82
Chiapas
Calzada Larga . . e 191
Guerrero
Acapuleo . o oo e 85
El OCotito o oo e e e 83
Placeres o oo e e 86
Xaltianguis . o - -« e 84
Morelos
Huajintlan e eecicmececaaa 12
QOaxaca
Hullotepee .o e e—eemamas 87
Jalapa . - e 88
Norway
Barkevik . oo e e e
Djupdalen_. . ..
Fen area_ - _ e
Larvikofjorden
LAVeN e e m e e ————
Melkodoela . - o e e
Meyerfjord . oo e
SKATVOAD .« e e e e e e e
Skarvbergnes . - oo e e e
Bt O NO e o e e e
Tellenes o v e e e e —m e e
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Locality No.
Nyasaland
TaAMDANE - o e e e e 316, 317, 318
Puerto Rico
Humaeao. - oo e 62
LAmones .o o e 61
Saudia Arabia
Dhalm. o e e 197
Eastern batholith_ . . o eeeeen 194
Jebal Rafa_ . e 193
Jebal Zaba_ - e - 195
Taif . o e 196
United States
Alaska
Flat area_ e 50, 51
Fortymile distriet . ...« e eeem 177
Kuskulana River area_ .. . e 180
Nixon Fork mining distriet_ _ .. _ . . 53
Prince of Wales Island . _ .. . . 179
Ruby-Poorman distriet__ _ . _ e 52
Turner Lake. . e 178
Arizona
Mineral Park_ _ _ o e 366, 367
Mingus Mountain quadrangle . _______________________________ 360
Prescott quadrangle e 359
San Manuel. e 181
California
Bishop area
Big Pine quadrangle_ ______ .. 123, 124, 126, 127
Mount Goddard quadrangle . . _ ____________________________ 121, 125
Mount Tom quadrangle_ - ___ ... 122, 128
Kern River area_ .- o e 130
Shasta County
French Guleh quadrangle. . _____ 134, 135
Southern California,
Aquanga . - e 89
Apple Valley e 117
Berdoo Canyon . . ... o oo 118
Cottonwood Springs. _ . e 119
Cuyumaca quadrangle - - - - o e 109
Descanso Junetion-__.__- -__ 100, 103, 104
BlsInore . - oo e 105
Green Valley . o e 90, 91
Ivanpah quadrangle_ _ _ _ . 115
LakevieW . e 94
La Posta- - e 97
Mount Hole. . o o e 101
Mount Wilson . _ . _ e 98
Mountain Center__ e 93
Mountain Pass_ . 379, 380, 381, 382
Neenach quadrangle_ __ - 111
Nuevo. - e 99
Palm Springs._ - - - e 92
Perris_ o e 95
Pomona Tile quarry . .o e 110
Providence Mountain_ __ o 112
Rosamond quadrangle..__________________________________..___ 114
Rubidoux Mountain_ _ ____ . o ___ 107, 108
Shadow Mountains._ - e 120
Soda Lake__ . e 113
Stonewall Mountain. _ . _ o eeae 102
Temeeula. . _ . e 106
Twenty Nine Palms_ . ___ e ao 116
Valverdi_ . . oo e 96
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Locality No.
United States—Continued
California—Continued
Ubehebe quadrangle. . __ . 129
Yosemite National Park_____ ____ ... 131, 132,133
Colorado
Tron B0 L e 343
Park Range .. e 347, 348
San Juan Mountains._ . ______ . ___._. 1,2,3,4,5,6, 7 8,9
Wet Mountains- - - e 344 345 346
Connecticut
MooSUp - c o ccmm e e 210
Idaho
Atlanta . _ - e 151
Big Creek quadrangle___________________________________. 144, 145, 146
Bungalow._ _ e 141
Camas Creek
Caseade. - o oo e
Coeur d’Alene district
Craters of the Moon 8
Garden Valley - - .. . 153
Hailey . - o e 148
Horseshoe Bend. . e 147
Idaho City_ - e 155, 156, 157, 158
LOWINAN . . o o e e - 55
Mineral Hill distriet_ - ___________________ 161, 162, 163, 355, 356, 357, 358
South Fork Payette River. _ _ ___ ... 142
Placerville. _ e 154
Powell . . e 152
guartzburg distriet - . - e 139
almon River. . . e 140
112U 149, 150
Maine
Northern Maine
Brassua quadrangle. . . _ . 242
Jackman _________________________________________________ 239, 240
ipogenus dam._ __ . . e 241
Sout ern Maine
Wells o o o o e 238
Maryland
Great Falls_ . e 272
Massachusetts
Peabody - e 205
Michigan
Dickinson County - - .. 396, 398, 399
Iron County . oo 397
Minnesota
Babbitt - - - o e 404
Gunfint Trail . e 409
Sle e 400
MeGrath. .. e 408
Mount Xron. e 405
Pier s e 406, 407
Rockville. oo e 402
Sea Gull Lake ... e 410, 411
St. Cloud._ . _ e 403
Upper Minnesota River valley_ . __ . ________._._._ 401
Montana
Bearpaw Mountains. _ oo 44, 45
Boulderarea. . ___________________.__ 66, 67, 68, 69, 70, 71, 72, 73, 74 75
GarTISOM - - e 64
Hamilton._ - e 57, 58, 59, 60
Philipsbure - . . e
%tlllwater CoUntY - - - e 351

Tobacco Root Mountains_ __ e 65
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Locality No.
United States—Continued
Nevada
Antler Peak quadrangle. .______________ ... 362
Austin. _ e 29
Bloody Run Peak . _ _ _ e 37
Boulder Gily oo e 34
Copper Canyon. . . i, 31, 32
Crescent Peak ___ e 361
Eureka mining distriet. . - . . 26, 27, 28
Mount Lewis and Crescent Valley quadrangles_ . ____________.__.__. 41
NelSon - o e 33
Osgood Mountains. ___ _ e 77
Santa Rosa Peak . __ e 35
Slumbering Hills.. - - ___ e 36
Trenton Canyon._ . e 30
New Hampshire
Belknap Point . - - - . e 213, 221
Cardigan quadrangle__ . e __ 223, 227, 228
CONEOrA . m e e o e mmm 226
BExeter - - e 230
Franconia quadrangle_ ... _a- 215
Hanover quadrangle_ . _____________ ... 235, 236, 247
Lancaster. oo oo oo 248
Lisbon. . e 232
Littleton . _ . _____ e 231, 245
Lovewell Mountain quadrangle.._ . __________ . _____________ 222
Martin . o oo e 229
Mascoma quadrangle . . - - e 237
Mount Cube quadrangle._. . ______ . _______ 246
Mount Choeura quadrangle._ . ____ 218
Mount Washington quadrangle____ . ____ .. ______________ 233, 234
North Conway quadrangle..__ . ___________________._______ 214, 216, 217
Perey quadrangle. . . - - oo oo e 219
Rumney quadrangle . .. .-l 224
Sunapee quadrangle_ . _ oo 225
New Jersey
Beemerville__ e 249, 250, 251
D OV e e e e e e 342
New Jersey Highlands_ . ... _ .. 340, 341
New Mexico
Big Hatchet Peak quadrangle.. - - .. _ .o _______. 363
Cerrillos Hills . _ __ e 25
Hachita quadrangle___ __ e 49
Los Pinos Mountains. - - - oo e 365
Sangre de Cristo Range.. - ... __ .. 364
Santa Fe County ..o 10
Valles Mountains_ .. _ .. oo 13
New York
Adirondack Mountains
Ausable Forks_ . 334
Big Moose quadrangle.. . - __ ____ __ _____ e 337
Cranberry Lake quadrangle__.. . _________________.___._____ 319, 333
Dannemora. ..o 321
Harrisville bridge_ e 335
Loon Lake quadrangle_ - . __ . 320
Natural Bri%ge ______________________________________________ 331
Oswegatchie quadrangle. .. ___________________________ 327, 328
Raquette Lake quadrangle____________________________________ 325
Russell quadrangle_ . __ o oo_. 322
Santa Clark quadrangle. - . ____ ___ __ ___ _______ o -_._. 332
Stark quadrangle. . . .. __ .. 323, 336
Tupper Lake . e 326, 339

Tupper Lake quadrangle. - - _______________________. 324, 329, 330, 338
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Locality No.
United States—Continued
New York—Continued
Catskill Mountains

Quarryville  _ e 384
Stony Cove . e 385
North Carolina
Bessemer City .- - . . e 280
Cashiers. . _ e 276
Cleveland County. . ______ . _______ o _____. 274, 281, 282, 283, 285
Franklino el 294
Haywood County___._______ . 293
Mighlands_ ... _ . 277, 278, 279
Rutherford - - o o e 275, 284
Shelby area___ . ___ . 286, 287, 288, 289, 290
Spruce Pine distriet.. . e 291, 292
ork County - - - o e 273
Oklahoma
Arbuckle Mountains. - . . oo emceeeeae 314
Wichita Mountains. . . e 313
Oregon
McKenzie Bridge quadrangle_ . ______________________________._ 24
Medford quadrangle . _ _ . _ e 137, 138
Mill City quadrangle. e 11
Sumpter quadrangle _ _ _ _ ___ e 136
Pennsylvania
Baston . e 264
Philadelphia area
Clifton Heights_____ __ e 257, 262
East Lake Park . _ e 256
Fairmount Park._ _ . o eeeae 253, 258
Springfield__. . ____________________________. e 252, 254, 255
Swarthmore. ... ... e 260
West Manayunk 259, 261
Somerton . . . e 263
South Mountain. .. e 267
Rhode Island
Ashaway quadrangle_ . _ . __ . _____ el 198, 199, 200
Bradford . . . e 201
Ganier Memorial dam__________ oo 207
Georgiaville quadrangle . _ _____________ ... 209
Narragansett Pier quadrangle_ . ______________________________ 208
Quaker Lane_ _ . . __ e 204
Quonochontaug quadrangle_ . _ . ____._______._________ 203
Ten Rod road... oo e 206
Tower Hill . ——mmmmm 202
Tennessee
Great Smoky Mountains
Calderwood quadrangle_____________________________________ 297, 300
Gatlinburg quadrangle_ . ___________ ... 296, 301
Thunderhead quadrangle. . ___ ... 298, 299
Max Pateh Mountain_ . . __ . e 295
Texas
Blowout quadrangle . _ . _ __ e 375, 376
Llano County_.._ .. _____________________ 368, 369, 370, 371, 372, 373, 374
Pecos County _ - e ———————— 377
Schleicher County . . o 378
Utah
Iron Springs distriet - . - e 16,17, 18
La Sal Mountains. o __ 19, 20, 21, 22, 23
Sheep Rock Range. . oo e 14
Thomas Range. e 15
Tintie distriet - - e 42, 43

Wasatch Mountains.. - .. ... ... TTTTTTTT 38, 39, 40



LEAD-ALPHA AGE DETERMINATIONS OF IGNEOUS MINERALS 145

Locality No.
United States—Continued
Virginia
ightown . _ . e 265
Shenandoah National Park_ . _ _____ . 270, 271
Sperryville . . e 268, 269
StrasbUrg e 266
Vermont
Mount Aseutney . - oo e 211, 212
Washington
Arden. oo e w 166
Chelan quadrangle___ - . e 168, 169, 172
Holden quadrangle._ - _ . oo 170, 171, 173, 174
Mount Annie. . e 164
Mount Rainier National Park_ oo 76
Sultan quadrangle . _ . el 167
ToNASKet o 165
Wisconsin
Marathon County .- e m 395
Mellen - o o e 394
Wyoming
Cumberland Gap area . el 353
Fremont County .. - - - o e 349, 350
Grass Creek area_ .. ool 352
Rock Spring area_ - - o 354
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