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LEAD-ALPHA AGE DETERMINATIONS OF GRANITIC ROCKS FROM ALASKA
By J. J. Matzko, H. W. Jaffe, and C. L. Waring
ABSTRACT

Lead-alpha activity age determinations were made on zircon from
seven granitic rocks of central and southeastern Alaska. The results
of the age determinations indicate two periods of igneous intrusion,
one about 95 million years ago, during the Cretaceous peried, and
ancther sbout 53 million years ago, during the early part of the Terti-
ary. The individual ages determined on zircon from 2 rocks from south-
eastern Alaska and 1 from east-central Alaska gave results of 90, 100,
and 96 million years; those determined on 4 rocks from central Alaska

gave results of 47, 56, 58, and 51 million years.
INTRODUCTION

Most of Alaska has been mapped on a reconnaissance basis and
definite age correlations are lacking in many areas. The igneous
areas mapped in greater detail also may be of indefinite age because
of the absence of diagnostic fossils in nearby sedimentary rocks and
the inability, owing to lack of exposures, to correlate lithologically
with rocks of kmown age. As a means of obtaining the age or corroborat-
ingthe ages of the igneous rocks estimated from the geology, it was
decided to determine the lead-alpha ages of the zircons concentrated
from igneous rocks collected from several localities in Alaska (fig. 1).
Samples of granites from which the age determinations were made
were collected by White, Nelson, and Matzko (1956) from Mount Fair-

play in the Tanacross quadrangle (fig. 2), by Sainsbury (in
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preparation) from Tolstoi Point in southeastern Alaska (fig; 3), by
Plafker (in preparation) from Turmer Leke, Taku Inlet in southeastern
Alaska (fig. 4), by White and Stevens (1953) from Birch Creek in the
Ruby-Poorman district of cemtral Alaska (fig. 5), by White and Killeen
(1953) from Flat Creek and Chicken Creek, in the Iditarod quadrangle
(fig. 6), and by Matzko and Bates (in preparation) from the Nixon Fork
mines area, Medfra quadrangle (fig. 7). The work was done by the Geo-
logical Survey on behalf of the Division of Raw Materials, U. S. Atomic
Energy Commission.

These are the first age determinations of minerals from Alaskan
igneous r'ceks’° Although additional work is plammed, this preliminary
study indicates twe periods of igneous intrusion in southesstern and
central Alaska, one about 95 million years ago during the Cretaceous
period and another about 53 million years ago during the early part of
the Tertiary period. Ages determined on zircon from 6 of the 7 rocks
are in good agreement with the geclogic estimates of their age , the
age of the other is in disagreement with the geologic estimate éf age.

Separation and purification of zircons .for age determinations and
alpha counts were made by J. J. Matzko and »H. W. Jaffe. All lead
determinations were made spectrographically by C L. Waring. The
method used in the determination of the ages of the zircons ha.s been
described in other reports by Larsen, Keevil and Harrison (1952),
Gottfried, Senftle, and Jaffe (1955), and by Jaffe, G@ﬁfried, and

Waring (1955).



SOUTHEASTERN AND EAST-CENTRAL ALASKA

Mt. Fairplay

Geology

White, Nelson, and Matzko (in prepsration) in their reconnaissance
investigation for uranium in the Fertymile distriet, collected samples
in the Tamacross quadrangle from near Ms. Fairplay (fig. 2). Granitic
rocks were intruded in msny parts of Alasks some time in the Late Juras-
sic or Early Cretaceous epochs and Mertie (1937) suggested that the
granitic rocks of the Fertymile district may have been formed at aboub
the same time.

Ehe large body of granitic rock at Mb. Fairplay and many smaller
bodies nearby were mapped as Mesozoic in age by Mertie (1937, p. 215-216,
and pl. 1). He ackunowledges, however, that on the basis of stratigraphic
evidence alone these granitic rocks can be mapped only as post-éaleozoic
and pre-Tertiary. The sample collected for age determination, #g. 3881,
from the western slope of M. Fairplay preved to be a leucesyenite com~-
posed essentially of microperthite and subordinate albite-oligoclase.

A point-count modal analysis of & thin section of the rock gave:

Perthite 59.2
Albite-oligoclase 35.8
Quartz 0.4
Others* 4.6

100.0

*predominantly hornblende, biotite, sphene, opagues, and zircon
in order of decreasing abundance.

The rock had an average grain diameter of 2 mm.
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Age determination

Three fractions of zircon, differing in magnetic response, were ob-
tained by passing the concentrate through the Frantz magnetic separsator
at varying amperage and tilt. The zircon concentrates consisted of whole
and broken crystals with-a squat habit, showing short pfisms doubly ter-
minated by the pyramids. Some of the crystals were almost equant in the
absence of the more characteristic elongation of the prisms. The zir¢ons
ranged in color from a pale buff in the least magnetic fraction to brown
in the most magnetic fraction. Microscopic examination of the three
fractions of zircon indicated that the brown was due essentially to an
unidentified brown material coating many of the zircon grains to a vary-
ing degree, and to the more metamict state of some of the grains. Most
of the zircon grains were zoned, consisting essentially of fresh zircon
with an omega index of refraction of 1.92 and optically continuous nar-
row zones of metamict zircon for which the omega. index of refraétion
ranged from 1.86 to 1.90. Some of the grains also contained some un-
identified microscopic inclusions. The more magnetic fractions con-
tained more of the metamict zones of zircon and showed a systematic
increase in the lead content and alpha activity. Splits of the three
fractions of zircon, 3881B, 3881C, and 3881E were then leached in a
1-1 nitriec acid for a period of 15 minutes, resulting in solution of
the brown material coating most of the zircon grains with an accom-
panying loss of both lead and alpha activity. Splits of samples 3881C
and 3881lE were also leached in concentrated nitric acid with siﬁilar
results. Lead-alpha age determinations made of the three fractions
of zireon before and after nitric acid treatment gave the following _

results:



%ggg;e o /mg /hr Po (ppm) Age (M.Y.)

1-B (untreated) 1620 68 101
(1-1 nitric acid) 1134 L5 95

3881-C (untreated) 1930 72 90
(1-1 nitric acid) 1476 63 102
(concentrated nitric 1270 48 ,52 ol

acid)

3881-E (untreated) 2600 115 106
(1-1 nitric acid) 159k T2 108
(concentrated nitric 1550 60 ,63 - 96

acid)
Average age 99
Standard deviation 6

Although a considerable amocunt of the alpha activity and lead was
removed from each sample by the acid treatment, the ages remain' in good
agreement, suggesting a solution of thorite (isostructural with zircon)
or metamict zones of zircon, rather than selective removal of uranium,
thorium, or lead. The sverage of the eight age determinations, 99 mil-
lion years, corresponds to the Cretaceous period for which a range of
60-130 million years was established by the Committee on the Me%surement

of Geologic Time for 1949-50 (Marble, 1950),

Tolstoli Point

Geology

Sainsbury, in 1955 (in preparation) as part of his study of Prince
of Wales Island and vicinmity, collected samples of the quartz diorite
from Tolstoi Point, Prince of Wales Island, Craig C-2 quadrangle (fig. 3).

The intrusive at Tolstol Point has been described by Warner and
Goddard (in preparation) as elongate, stock-like masses of diorite. Por-
phyry dikes are cubt by the stock and alkali andesite dikes intrude the

stock. The Tolstol Mountain stock is composed mainly of light-gray
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quartz-bearing diorite with medium-grained to coarse-grained granitoid
texture. Wright (1915) has noted that the stock iuvades sedimentary
strata of Devonian age. Buddington and Chapin (1929) suggest that the
igneous rocks of Prince of Wales Island are satellitic intrusions of the
Coast Range batholith which forms most of the mainland of southeastern
Alaska. The sge of the batholith is believed to be Late Jurassic or
Early Cretaceous.

A calculation of the norm, according to the C.I.P.W. classification,
and the chemical snalysis from which the norm was derived is shown below
for Sainsbury's sample mo. 242. In the classification the rock falls
into class 2, order 4, rang 3 and subrang 3. The chemical analysis by
{ rapid rock analysis methods was made by P.L.D. Elmore, K. E. White, and

S. D. Botts, of the U. S. Geological Survey.

Weight Norm
No. 2k2 Percent Percent
s10, 52.8 Quartz 3.6
Alp0% - 15.9 Albite 26.2
Fep03 2.k Anorthite 26.7
FeO 7.5 Orthoclase 6.1
MgO 5.5 Hypersthene 18.3
Ca0 8.9 Diopside 11.3
Nas0 3.1 Magnetite 35
K20 1.0 Tlmenite 1.8
Ti0p .98 Apatite 1.0
P50 RIS Calcite .2
MnO «21
Hx0 1.k
CO2 10

Total 100.2 98.7
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A point-count modal analysis of the above rock shows the following:

Percent
Plagioclase (andesine) 50.6
Quartz 6.8
Hornblende, green 32.4
Biotite-chlorite 7.4
Others _2.8

100.0

"Others" imclude opaques (magnetite and hematite), prehnite, zircon,

sphene, apatite, clinozoisite, and pyroxene in decreasing order of abun-
dance.

The rock is a quartz diorite. It has hypidiomorphic granular tex-
ture with an average grain size of 1.5 mm. The plagioclase is generally
subhedral; tabular-like grains may be eubedral with a maximum length of
gbcut 2 mm; some grains show abundant alteration tc sericite and other
grains appear relatively fresh. The alteration is believed due prima-~

rily to deuteric alteration and not to surface weathering. Quartz is
predominantly interstitial. Most grains show undulatory extinction and
secondary overgrowth. Schiller structure is shown on a few of:fhe green
hornblende grains. The hormblende is altered in part to biotiéé and to
chlorite. Prehnite has developed in the biotite along cleavage‘lines
which it tends to distort. Quartz in minor amounts, also is found
poikilitically in the biotite. The biotite shows some cataclastic ef-
fect with warped cleavage traces and a few of the grains showing drag ef-
fect on the biotite edges in contact with fresh plagioclase. Opagques
are sbundant in the hornblende and biotite and appear in part to cut
off or replace sphene. A grain of euhedral zircoﬁ_in the chlorite .:

showed a strong pleochroic halo.
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Age determination

‘ Age was determined on fresh, clear, doubly terminated zircon with

no zoning and an index of refraction for omega of 1.92.

Sample mo. o /mg/br Pb (ppm) Age (M.Y.)

242 ik2 5.8, 6.0 100
TPurner Lake
Geoclogy

In 1954 Plafker (in preparation), during his study of dem sites
in southeastern Alasks, collected for age determination a sample from
the Coast Range batholith at Turner Lske, Taku Inlet, Taku River quad-
rangle (fig. 4). An indefinite age of Late Jurassic or Early Cretaceous
has been assigned té the Coast Range batholith in southeastern Alaska by
Buddington and Chapin (1929, p. 253). ,

Plafker (in preparation), describes sample 106, (fig. k&) fgom which
the zircon was concentrated, as a medium-grained light-gray, hofnblende-

biotite granodiorite with a hypidiomorphic granular texture. A point-count

modal analysis made by Plafker on the sample is shown below: !

4 Percent
Plagioclase (An 30-35) 52.3
, Quartz 21.2
- Biotite 15
Hornblende o 5
Potassic feldspar 6.4
Cthers wl
Total 100.0

"Others" are epidote and sphene that occur in trace amounts. The

plagioclase is partly altered to sericite; biotite and hornblende are
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altered to chlorite. The average grain size of the granodiorite is

3.2 mm.
Age determination

Age was determined on fresh, colorless, doubly-terminated, unzoned

zircon with an omegs index of refraction of 1.92.

Sample no. o /mg/hr Pb (ppm) Age (M.Y.)
106 152 5.8, 5.6 90

CENTRAL ALASKA
Birch Creek
Geology

In 1949, White and Stevens (1953) in a reconnaissance investigation
for radiocactive minerals in the Ruby-Poorman district, west-central
Alaska, collected samples of a disintegrated coarse-grained granite on
Birch Creek, tributary to Flint Creek, Ruby quadrangle (fig. 5, sample
no. 3469).

Mertie and Harrington (1924) describe three bodies of potash gran-
ite in the Ruby-Poorman district. One body of granite is on the east
side of Sulatna River, northeast of Poorman; another is at the head of
Flint Creek; the ﬁhird lies along the ridge east of Birch Creek, a
tributary of Flint Creek. They describe the granite from the three areas
mentioned as a yellowish-gray holocrystalline, coarsely granular rock,
locally porphyritic, with phenocrysts of orthoclase or microcline, and

mica, with a subordinate amount of oligoclase or oligoclase-albite.
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The granite on Birch Creek where sample 3469 was collected has been
mapped by Mertie and Harrington (1924) and designated as Mesozoic by them
prineipally on the basis of freshness and similarity to some of the granites
in the Yukon-Tanana region. No stratigraphic evidence is avai;able, how-
ever, that would indicate the exact age of the granite, and thé field evi~

dence indicates only that it is post-Mississippian.
Age determination

Age was determined oxn pale brown zircon, éssentially fresh, with an
omegs, index of refraction of 1.92 and showing a slight amount of narrow

optically continuocus zoning.

Sample no. o/mg/hr Po (ppm) Age (M.Y.)
3469 {(untreated) 1342 30 54
(concentrated 1342 29 53
nitrie acid)
(concentrated 1366 26,27 T

nitric acid)

i
I
|

Average age | 51

Flat Creek and Chicken Creek

Geology

White and Killeen (1953) in 1947 made investigations for radio-
active minerals in the viecinity of Flat, Iditarod quadrangle. Age
determinations were made on zircons concentrated from two of their
samples. They collected a sample (1895) of the quartz monzonite from
near the head of Flat Creek, and a sample (1810) of the quartz monzonite
at the head of Chicken Creek (fig. 6).

White and Killeen noted that the quartz monzonite at the head-

waters of Flat and Chicken Creecks has two facies, a light-colored and



20

To Tdftarod kLand |'n<3 3

Aporeximate, Magnetic
" :Déclingtion, 1951

EXPLANATION

g ! L ‘;

%i’i i |+~ oy o
4 R [N
85 Mobzonvre &
93 gg
& 2 ™
ok =2
9! Wil
5 < &
~ N LI . qa',g

tigfiedgosons, ik

1 N T

9 W, i I

4:3 §< Slule, ailtite Sundstone, a

=5 k ard aucTtzite i E
i | &

Aopreximats covidont
INEEE

Sarrple Lacotion

| 0 R
Adapled from USGS Circdlar 285, Fig. 2

r_‘_, s
Figure 6.--Sketch map ghowi
= R T 3 o P

Py

s from Flat Cresk and



2l

a dark-colored facies, that do not appear to be gradational but show
a distinet line of conmbact; the texture ranges from coarse- to.finé-graine&.
Mertie and Harrington (1924, p. 70) described the quartz monzonite
in the Flat area as composed essentially of orthoclase, plagioclase, quariz,
augite, biotite, and hornblende, with minor amounts of magnetite, apatite
and zircon. The plagioclase ranges from oligoclase to labradorite and is
in amounts equal to that of the orthoclase. On the divide between the
heads of Flat, Chicken, and Slate Creeks (fig. 6) the orthoclase and plagio-
clase are graphically intergrown. White and Killeen (1953, p. 8) noted that
the biotite from the gquartz monzonite in this area has numerous, very pro-
nounced pleochroic hales, where it surrounds crystals of zircon and al-
lanite(?).
The age of the quartz monzonite as determined from the field evi-
dence is late Eocene or post-Eccene (Mertie and Harrington, 1924). The
monzonite cuts sedimentary rocks of shale and sandstone of Latg Cre-

taceous age; the monzonite is therefore post-Late Cretaceous.
Age determination

Age determination was made on fresh, clear, pale amber, doubly ter-

minated zircon with index of refraction for omega of 1.92. No zoning was

observed.
Semple no. A/mg /hr Pb_(ppm) Age (M.Y.)
1895 33k 8.8, 7.0 | By

1810 315 T8, 74 58



22

Nixon Fork mines

Geology

Igneous rock from the Nixon Fork mining district, Medfra quadrangle,
was collected in 1951}; by; J. J. Matzko and G. D. Eberlein for age deter-
mination studies. The sample (504k) was from the bedrock east of the
Crystal Shaft mine (fig. 7).

Brown (1926, p. 124) describes the rock at Nixon Fork mines as a
monzonite that contains orthoclase and plagioclase feldspar, quartz,
brown biotite, green hormnblende, and minor amounts of apatite, iron
oxides, and pyroxene. A porphyry, closely related in composition to
the monzonite, reportedly occurs as a chilled border phase of f;he
monzonite body and as dikes. |

A point-count modal analysis of sample 5044, on which the age was

determined, is shown below:

Percent
Perthite - B35
Andesine 33
Hornblende, green 11
Others 2
Quartz L
100

"Others" include biotite (dark brown and shows strong absorption),
apatite, opaques, sphene, calcite, zircon and hematite. Sericite in
minor amounts accompanies the plagioclase, and kaolin is more éommon
with the perthite. The hornblende has altered partly to biotitg and
biotite has altered to chlorite. Some of the zircon embedded in the
biotite shows pleochroic halos. Sphene is asscciated with the ;‘bpaques

and appears tc be derived from them.
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The average grain size is 1 mm, but plagioclase laths show a maxi-
mum size of 3 mm.

The age of the monzonite is believed by Brown (1926, p. 120) to be
either Eocene or early Oligocene. In the Nixon Fork mines area that was
sampled, the monzonite cuts limestone of Paleozoic age, and sandstone,

shale, and slate of Late Cretaceocus age.

Age determination

The zircons are similar to those from samples 1810 and 1895. They
are fresh, clear, pale amber, doubly terminated, with no zoning detected,

and have an index of refraction for omega of 1.92.

Sample no. ot/mg /hr Pb (ppm) Age (M.Y.)
50kh 252 5.8, 6.0 56
SUMMARY

Lead-alpha age determinations on zircon from rocks of central Alaska
gave an average age of 53 million years (tablé 1). This is compatible
with an early Tertiary or Eocene and Paleocene ages undivided. The limits
set by the Committee for the Measurement of Geologic Time (191&9-50) are
1-60 million years for the Tertiary Period and 40-60 million years for the
Eocene and Paleocene epochs undivided. Ages determined on three of the
four rocks are in agreement with the geologic age assignment of very Late
Cretaceous or early Tertiary (Brown, 1926, and Mertie and Harrington, 192h).
The age determination of the other rock, from Birch Creek, Alaska, gave an
early Tertiary age of 51 million years, in disagreement with the geologiec

age assigmnment of Mesozoic by Mertie and Harrington (1924).



25

Ten age determinations on zircon from southeastern and east-central
Alaska gave an average age of 96 million years, compatible with a Cre-
taceous assigrment; the limits for the Cretaceous Period are 60-130 mil-
lion years according to the Committee on +the Measurement of Geclogiec
Time. Tenbtative assiguments of geologic age to these rocks, made by
Mertie (1937) and Buddington and Chapin (1929), are Late Jurassic or
Early Cretaceous. In all probability, they are Cretaceous inasmuch
as the average age of 96 million years is virtually the same as the
average age of 100 million years determined on both zircon and monazite
from four plutonic rocks, of early Late Cretaceous {post-Albian) age,
from Baja California (Larsen, Gottfried, Jaffe, and Waring, manuscript
in preparaﬁicn). The lead-alpha age determinations of zircons from
three of the early Late Cretacecus intrusives from Baja California
were 95, 98, and 109 million years, respectively; monazite from an

additional intrusive gave an age of 98 million years.

Table l.-~Summary of lead-alpha age determinations of ignecus rocks

from Alaska
Central Alaska
Sample
Rock no. Ares, Age(M.Y.)
Granite 3469 Birch Creek(fig. 5) 53)
54) 51
| k7)
Quartz monzonite 1895 Flat Creek(fig. 6) b7
Quartz monzonite 1810 Chicken Creek(fig. 6) 58
Monzonite 504l Nixon Fork Mines(fig. 7) 56

Average age of central Alaskan roCKS.ececsscocsccscccsgagess 53
Stondard Aevigblonevviveveeis s amese 65 00 sursd s 580 8 eomdn 6l 5
Tertloary Perlod.cvevrssensimbunsessvnsonvnavosnsanssssnssdsss  LobDD
Eocene and Paleocene Epochs undivided.seccescessccessescasss H0=-60
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Table 1l.--Summary of lead~-alphs age determinations of igneous rocks
from Alaska--continued

Southeastern and east-central Alasks

Sample
Rock no. Ares, Age(M.Y.)
Leucosyenite 3861 Mt. Fairplay(fig. 2) J;Olg
195
90)
102) 99
9k)
106)
108)
196)
Granodiorite 106 Turner Leke(fig. 4) 90
Quartz diorite 2h2 Tolstoi Point(fig. 3) 100

Average age of southeastern and east-central Alaskan rocks.. 96
Stwdard dneviatiqn....0.'0....0..'.!0000100.‘....0"00000000 6
cre.baceous Period..l..’....l..lbl.Ol....Q'..'...QO.Q......G. 60-150

REFERENCES CITED

Brown, J. S., 1926, The Nixon Fork country and silver-lead proSpects
near Ruby, Alaska: U. S. Geol. Survey Bull. 783-D, p. 97-150.

Buddington, A. F. and Chapin, Theocdore, 1929, Geology and mineral
deposits of southeastern Alaska: U. S. Geol S'arvey Bull. 800,
po 1”398t

Gottfried, David, Senftle, F. E., and Jaffe, H. W., 1955, Further
evaluation of the Larsen method of age determination, (Abs. )
Geol. Soc. America Bull. 66, p. 1565.

Jaffe, H. W., Gottfried, David, and Waring, C. L., 1955, Larsen-method
age determinations of 150 rocks ranging in age from Precambrian
through Tertiary (Abs.): Geol. Soec. America Bull. 66, p. 1580.

Larsen, E. 8., Jr., Keevil, N. B., and Harrison, H. C., 1952, Method
for determining the age of igneous rocks using the accessory
minerals: Geol. Soc. America Bull. 63, p. 1045-1052. :

Larsen, E. S., Jr., Gottfried, David, Jaffe, H. W., and Waring, C. L.,
(in preparation), Age determinations of zircon from rocks of the
Southern California, Sierra Nevada, Idaho, and Coast Range batho-
Liths.



27

(chairman)

Marble, J. P.,/1950, Summsry Report of the Committee on the measurement
“of geologic time for 1949-1950: Naticnal Research Council, Division
of Geology and Geography, Report of the Committee on the measurement
of geologic time, 1949-1950, p.1=~R2L. See p. 18

Mertie, J. B., Jr., and Harrington, G. L., 192k, The Ruby-Kuskokwim region,
Alaska: U. S. Geol. Survey Bull. 754, 129 p.

Mertie, J. B., Jr., 1937, The Yukon-Tansna region, Alaska: U. S. Geol.
Survey Bull. 872, p. 1-276.

Plafker, George {in preparation), Geologic investigations of proposed
Sheep Creek, Carlson Creek, and Turner Lake power sites, Alaska:
U, S. Geol. Survey Bull.

Sainsbury, C. L. (in preparation), Geology of the Craig C-2 quadrangle,
southeastern Alagks: U. S. Geol. Survey Bull.

Warner, L. A., and Geddard, E. N. (in preparation), Geology and ore
deposits of Kasaan Peninsula (Alaska): U. S. Geol. Survey Bull.

White, Max G., and Steveng, Johan M., 1953, Reccmnaissance for radio-
active deposits in the Ruby-Poorman and Nixon Fork districts,
west-central Alasks, 1949: U. S. Geol. Survey Cire. 279, p. 1-9.

White, M. G., and Killeen, P. L., 1953, Reconnaissance for radioactive
deposits in the Lower Yukon-Kuskokwim Highlands region, Alaska,
194%7: U. S. Geol. Survey Cire. 255, p. 1-17.

Wright, Charles W., 1915, Geoclogy and ore depdsits of Copper Mountain
and Kasaan Penimsula, Alaska: U. S. Geol. Survey Prof. Paper 87,
p s l“ll@ °

UNPUBLISHED REPORTS

White, Max G., Nelson, A. E., and Matzko, J. J., 1956, Radiometric
investigations along the Taylor Highway and part of the Tanana
River, Alaska: U. 8. Geol. Survey Trace Elements Memo. Rept.
329, 12 p.

Matzko, J. J., and Bates, R. G., (in preparation), Reconnaissance for
uranium and thorium in Alaska, 1954: U. S. Geol. Survey Trace
Elements Inv. Rept. 611.



	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028

