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Regional geologic field mapping was done in the
Larnbert Glacier area during the 17th, 18th, and 19th
Soviet Antarctic Expeditions (SAE). To understand
the geologic evolution of this cratonic area of East
Antarctica, samples for radiometric dating of various
lithologic units at Mount Ruker, Mount Rubin,
Mount Scherger, Radok Lake, Pickering Nunatak,
and Mawson Escarpment (figure 1) were collected
in 1972 by Dr. Grikurov and 0. A. Tarutin. This
paper reports the results of the rubidium and stron-
tiuln isotopic analyses (table) and their calculated
ages. Brief descriptions of geologic setting and
petrography at the sampling sites are given in the
appendix.

al geologic setting

The geology of the Lambert Glacier area has been
used on the basis of field data collected in 1972 by

17th SAE (Grikurov and Soloviev, 1974). These
d ta, supplemented with observations during two sub-

luent field seasons and with results of Australian
N ttional Antarctic Research Expedition investigations

'ingey, 1972; Tingey and England, 1973), are sum-
irized in figure 1.

This is contribution 272 of the Institute for Geosciences,
The University of Texas at Dallas. A Russian-language
version of this paper has been prepared for publication in
the Soviet Union (Grikurov and Halpern, in press).

High-grade metamorphic rocks with porphyro-
blastic charnockites are believed to form part of an
early Precambrian sialic basement. This basement was
later affected during repeated thermal-tectonic events
that resulted in the metamorphism and deformation
of overlying sequences of greenschist and low-grade
amphibolite facies rocks.

Two distinct greenschist facies sequences, separated
by at least one episode of orogeny and erosion, out-
crop in the southern Prince Charles Mountains. An
older greenschist sequence contains jaspilite; a pre-
sumably younger sequence does not. This conclusion
is suggested by the occurrence of jaspilite pebbles
in metaconglomerates at Mount Rubin and at Mount
Dummet. The uppermost Precambrian to lower
Paleozoic age of the younger greenschist sequence is
further suggested by this paper's rubidium-strontium
results and by unidentified fossils found in carbonate
pebbles at Mount Rubin. We assume, by analogy
with similar iron-rich terrains of other continents,
that the age of the older jaspilite-bearing greenschist
sequence may exceed 1,700 million years. The am-
phibolite facies assemblages may have resulted from
later zonal metamorphism superimposed on the
greenschist facies rocks.

The field relationships of the cataclastic and/or
gneissic granites with surrounding rocks are obscure.
On the basis of the rubidium-strontium dates, the
granites at Mount Ruker appear to be intrusive
bodies only with respect to the high-grade metamor-
phic sequences that crop Out at Mount Rymill and
at Mount Stinear. The greenschist and low-grade
amphibolite facies rocks at Mount Ruker and at
Cumpston Massif probably represent sequences that,
in places, cover the ancient basement.

The relative position and age of metabasites and
granites at Fisher Massif are doubtful; however,
these granite bodies are less deformed than those at
Mount Ruker and may belong to younger late Pre-
cambrian to early Paleozoic magmatic activity.
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Figure 1. Generalized prelini..
mary geologic map of south.
ern Prince Charles Mountain,,
showing locations of sit.,
sampled for rubidium-str4n..
tium geochronology. 1: major
bedrock exposures. 2: Permian
sediments. 3: uppermost Let.
Precambrian to lower Palo.
zoic greenschist facies meta.
sedimentary rocks; a (?)
younger sequence. 4: gre4n
schist facies metasedimentciry
rocks with jaspilites and
metabasites; an (?) older
sequence, and low-grade am.
phibolite facies rocks, un.
differentiated. 5: high-grade
amphibolite facies rocks and/
or amphibolite-gran u lite fades
polymetamorphic assemblag,
6: granulite facies rocks. 7:
(?) younger granites. 8: per-
phyroblastic charnockites. 9:
(?) older (? early Preca -
brian) cataclastic and gneis ic
granites. 10: large (?) mt u-
sive masses of metabasit S.
Not shown are small sto ks
of early Paleozoic two.mi a
and pegmatoid granites n.
trudinçj the low-grade a
phibolite facies assembla •
at Mount Scherger, Mot ni
Cauley, and some ott of

localities.

Analytical results

Rubidium and strontium isotopic analyses of 24
total rock samples and one muscovite concentrate
were done by Dr. Halpern at the University of Texas,
Dallas, using the 15-centimeter radius mass spec-
trometer (the results are listed in the table). The
laboratory procedures used have been described pre-
viously (Halpern, 1972, page 197). The present-day

strontium-87/strontium-86 ratio of each sample ws
measured directly and normalized to a strontium-86/
strontium-88 ratio of 0.1194. At the time of these
analyses, the normalized strontium-87/strontium-$6
ratio of the SrCO 3 standards Eimer and Amend
(Massachusetts Institute of Technology) was 0.7080
±0.0006 (2o) and the National Bureau of Standards
number 987 was 0.7 100 5 ± .00092 (2a). From
duplicate dissolutions of the same powdered total
rock sample or mineral, the normalized strontium-87/
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strclntium-86 ratios generally agree to about 0.1
perent, and the rubidium-87/strontium-86 ratios to
about 2 percent. Ages were calculated using the
decay constant A/3 = 1.47 X 10 l year'.

Calculated ages

nalytical results have been plotted on diagrams
of the present-day strontium-87/strontium-86 ratio
versus the rubidium-87/strontium-86 ratio for those
cases where several specimens were available

from the same probable rock unit (figure 2). With
the possible exception of figure 2B, it is apparent
that the data points are not colinear. This lack of
linearity may be inherent to the mode of sample
acquisition and/or may reflect the complexity of
the orogenic evolution of this region of East Ant-
arctica.

The slopes drawn in figures 2A to 2E were not
determined by least squares regression analyses. The
calculated ages at best are an approximation of the
time of partial or complete closure of the specimens'
rubidium-strontium isotopic systems. Because of the
remoteness of the area and the complexity of the

Rubidium and strontium isotopic analyses of total rock samples and muscovite from the Prince Charles Mountains area of
East Antarctica.

Sample number	Dissolution* Present-day Sr 87/Sr86	Sr" (M/g)	Rb87 ( 1uM/g)	 Rb87/Sr86

206c	 A
	

0.9522
	

0.0796
	

0.539
	

6.77
B
	

0.9515
	

0.0781	 0.538
	

6.88

206m	 A
	

1.0373
	

0.0825
	

0.606
	

7.35
B
	

1.0358
	

0.0858
	

0.626
	

7.30

206n	 A
	

1.0765
	

0.0747
	

0.642
	

8.59
B
	

1.0776
	

0.0788
	

0.649
	

8.24

A
B

A

A

A
A
A

A
A
A
A

A

A

A
A
A

A
A
A
A

A
A
A

206o

209a

211a

216d
2l6g
216z

216/23
216/24
217e,
217j

220d

221/4

222
222 muscovite
222a

510
510-1
510-3
510-4

552
552-2
552-3

1.0154
1.0162

0.8017

0.7193

0.8130
0.8909
0.8243

0.7494
0.7326
0.7525
0.7311

0.7222

0.9033

4.9400
9.9324
0.7961

0.7230
0.7876
0.7688
0.8112

0.7107
0.7454
0.7505

0.0704
0.0695

0.0252

0.279

0.0465
0.0339
0.0459

0.0700
0.193
0.0972
0.625

0.178

0.0448

0.0020
0.0022
0.0588

0.323
0.140
0.165
0.136

1.025
0.221
0.166

0.568
0.569

0.204

0.0418

0.482
0.717
0.550

0.108
0.0237
0.197
0.0640

0.0072

0.627

1.161
2.85
0.397

0.460
0.663
1.271
0.408

0.373
0.687
0.675

8.07
8.19

8.10

0.150

10.4
21.2
12.0

1.54
0.123
2.02
0.102

0.0404

14.0

581
1272

6.75

1.42
4.74
7.70
3.00

0.364
3.11
4.07

*A and B represent chemical dissolutions and analyses of the same rock powder.
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Figure 2. Plots of strontium-
87/strontium-86 versus ii-

bidium-87/strontium$6 of g-

neous and metamorphic rous

of the Prince Charles Mom-

tains. lsochron lines ac

drawn as reference lines oI'y
and are not intended to inf,r

least squares fitting of tie
data points.

geology, however, we have attempted to explain the	Phyllite specimen 209a from Mount Rubin has a
geologic significance of the isotopic analyses of samples	calculated age of about 520 million years, assuming
listed in the table.	 an initial strontium-87/strontium-86 ratio of about

Granitic specimens 206c, 206m, 206n, and 206o	0.740. Although considered from the same green.
fromMount Ruker lie between reference isochrons	schist sequence, this specimen was collected a few
(figure 2A) that have an assumed initial strontium-	hundred meters below specimens 216 (figure 2B).
87/strontium-86 ratio of 0.702 and slopes of 3,200	For this reason we assume a strontium-87/strontium-
and 2,500 million years. The nonlinearity of these	86 initial ratio at the time of metamorphism that is
data points may be related to post-crystallization	similar to the samples in figure 2B.
structural deformation in the area, as indicated by	Metagabbro specimen 211a from Mount Ruker,
the cataclastic texture of these probable early Pre-	which has a rubidium-strontium ratio of about 0.05,
cambrian rocks,	 appears to have been contaminated with radiogenic
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strontium-87 during its emplacement as a sill into
the country rock (see appendix). For an assumed
strontium-87/strontium-86 initial ratio of 0.703, the
calculated age using the data in the table is an
anomalous 8 billion years.

Phyllite specimens 216d, 216g, and 216z from
Mount Rubin are colinear about a line having a
slope of 495 million years and an initial strontium-87/
strontium-86 ratio of 0.738 (figure 2B). The data,
although limited in quantity, indicates that the
provenance of the sedimentary detritus was sialic
crustal material and that during Cambro-Ordovician
metamorphism isotopic homogenization occurred
within these sedimentary rocks.

Granitic and granitic gneiss specimens 216/23,
216/24, 217e, and 217j are from boulders within a
metaconglomerate at Mount Rubin. The metacon-
glomerate stratigraphically directly overlies the
phyllite unit of figure 2B. The analyses of these
boulders lie about a reference isochron line of 800
million years with an initial strontium-87/strontium-
86 ratio of 0.730 (figure 2C). Assuming that the
boulders were derived from a granitic complex of
similar geologic age and genesis, the relatively high
strontium-87/strontium-86 initial ratio for the late
Precambrian reference isochron of figure 3C implies
that the boulders' material had a prior history in
the sialic crust before the late Precambrian geologic
event that resulted in the homogenization of their
rubidium-strontium systems. Further, these granitic
and gneissic boulders appear to have maintained
closed rubidium-strontium isotopic systems during the
Cambro-Ordovician metamorphism, which affected
the matrix of the conglomerate (see appendix) as
well as the underlying sedimentary rocks represented
by the phyllite specimens of figure 2B.

Carbonate schist specimen 220d is from Mount
Rubin. The relatively high strontium-87/strontium-86
ratio of 0.7222 and the rubidium /strontium ratio of
0.014 implies that the strontium, and presumably
the carbonate salts, were derived from a terrestrial
environment enriched in radiogenic strontium and
deposited in a sedimentary basin isolated from the sea.

Pegmatitic granite boulder specimen 221/4 is from
a Permian basal conglomerate along the shore of
Radok Lake. Assuming a closed rubidium-strontium
system for the pegmatitic material since initial
crystallization, and an initial strontium-87/strontium-
86 ratio of 0.705, the calculated age for this proven-
ance granitic terrain is about 960 million years.

Muscovite pegmatite specimen 222 intrudes schis-
tose country rock specimen 222a at Mount Scherger.
Assuming an initial strontium-87/strontium-86 ratio
of 0.705 for the muscovite pegmatite, the calculated

ages of the pegmatite specimen and its muscovite
concentrate are 495 and 493 million years. For coun-
try rock specimen 222a, if we assume initial strontium-
87/strontium-86 ratios of 0.710 to 0.750, the corre-
sponding calculated ages range from 865 to 465 million
years. If the pegmatite (222) is the product of partial
melting of the schistose country rock, and therefore
had an initial strontium-87/strontium-86 ratio as
high as 0.750 at the time of pegmatite crystallization,
the calculated age for the muscovite pegmatite would
be 490 million years.

Plagiogneiss specimen 410, granite specimen 510-1,
pegmatite granite specimen 510-3, and garnet gneiss
specimen 510-4 are from Mawson Escarpment. The
heterogeneity of the specimens collected perhaps ex-
plains the general scatter of the data points plotted
in figure 2D. No attempt has been made to calculate
meaningful geologic ages for these specimens.

Plagiogneiss specimen 552, granite specimen 552-2,
and pegi iatite granite specimen 552-3 are from
Pickering Nunatak. Analyses of gneissic country rock
specimens and intruded granitic veins have been
plotted on figure 2E and lie about a reference isochron
line having a slope of 765 million years and an initial
strontium-87/strontium-86 ratio of 0.707. This may
indicate a late Precambrian orogenic episode.

Summary

The Prince Charles Mountains region of East Ant-
arctica is believed to have experienced a long and
complicated geologic evolution from early Precam-
brian to early Paleozoic time. From the rubidium and
strontium isotopic data presented in this paper, and
subject to additions and corrections as more data are
obtained, we present the following summary of geo-
logic events:

(1) Early Precambrian metamorphic and plutonic
processes formed the ancient crystalline basement of
high-grade metamorphic rocks and Mount Ruker-
type granites.

(2) Late Precambrian orogenic events, with asso-
ciated granitic activity, probably were followed by
erosion of the older jaspilite-bearing greenschist facies
sequence.

(3) Early Paleozoic orogenic events resulted in
greenschist facies regional metamorphism of sedi-
mentary formations and were accompanied by
intrusions of two-mica and pegmatitic granites.

The isotopic analyses were supported by National
Science Foundation grant ov-28757.
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Appendix

Location, stratigraphy, and petrology of specimens listed
in the table:

206c, 206m, 206n, and 206o: Mount Ruker, on the
southern side of Fisher Glacier. A granite body underlying
(?) greenschist facies metasedimentary rocks that are inter-
bedded with metabasjc rocks.

206c—Cataclastic plagiogranite: 50 percent sericitized
plagioclase, 30 percent highly recrystallized quartz, 15 per-
cent K-feldspar, and 5 percent biotite.

206m—Slightly cataclastic biotite granite: 35 percent
albitized plagioclase with secondary sericite and saussurite,
30 percent microcline, 30 percent broken quartz, and 5
percent biotite partly with secondary muscovite.

206n—Cataclastic granite: 38 percent microcline, 30 per-
cent albitized plagioclase with secondary sericite, 30 percent
quartz, and 2 percent biotite.

206o—Slightly cataclastic granite: 40 percent sericitized
plagioclase, 30 percent quartz, 25 percent slightly perthitic
K-feldspar, and 5 percent biotite.

209A: Mount Rubin, on the western part of the northern
slope. A 400 meters-thick unit of dark-green phyllite, which
sometimes is transitional into fine-grained schistose meta-
sandstone and rare thin interbedded calcareous quartzites,
is present.

Chlorite-sericite-quartz phyllite: 60 percent quartz, 20
percent sericite and muscovite, 10 percent chlorite, 3 to 5
percent opaques, 5 percent plagioclase, and traces of tourma-
line and zircon.

211A: Mount Ruker, at its northeast corner. Metabasic
sill, about 30 to 40 meters thick, intruded into quartz-
sericite phyllite. Sample taken at the contact of the sill and
counry rock.

Metagabbro: 55 percent plagioclase albitized into acid
andesine and almost completely replaced by saussurite, 38
percent amphibole, 5 percent ilmenite with secondary
leucoxene, and 2 percent chlorite.

216d, 216g, and 216z: Mount Rubin, central part. A 20
to 30 meters-thick section of quartzite and phyllite.

21 6d—Biotite-sericitequartz phyllite: 45 percent quartz
with slight amounts of albite, 35 percent sericite, 15 percnt
biotite as porphyroblasts, 5 percent opaque as poikiloblasts,
and accessory tourmaline and apatite.

216g--Biotite-quartz_serjci phyllite: 40 percent quartz,
50 percent sericite, 7 percent porphyroblastic biotite, 3
percent opaques, and traces of tourmaline.

2l6z_Sericitequartzbiot phyllite: 33 percent poikil
I 
o-

blastic biotite, 32 percent quartz, 32 percent sericite, aid
3 percent opaques of tourmaline and apatite.

216/23, 216/24, 217e, and 217j: Mount Rubin, central
part. The specimens are from boulder clasts within a single
metaconglome rate unit overlying phyllites (216). The con-
glomerate's matrix is coarser grained but quite similar to
phyllite specimens 216g, 216z, and 216d.

21 6/23—Cataclastic granitic gneiss: 40 percent plagio-
clase that is somewhat cataclastic and has been sericitized
and carbonatized, 30 percent perthite, 22 percent granu-
lated quartz, 5 percent chloritized biotite, and 3 percent
opaques.

2 1 6/24—Plagiogranite: 70 percent plagioclase, 28 percent
quartz, and 2 percent opaques.

21 ?e—Cataclastic granitoid rock: 55 percent plagioclase
that now is albite with secondary carbonate and sericite,
25 percent quartz, 16 percent K-feldspar, 3 percent relics
of muscovite, chlorite, and biotite, and 1 percent opaques.

217j—Cataclastic gneissic plagiogranite: 60 percent pla-
gioclase that now is albite with secondary carbonate and
sericite, 33 percent granulated quartz, and 7 percent musco-
vite after biotite and biotite relics.

220d: Mount Rubin, near the southeast end. An 800-
meter section with a bottom unit of carbonate schist.

A lbite-quartzcarbonat granoblastic rock: 75 percent
carbonate, 10 percent albite, and 15 percent quartz.

221/4: Radok Lake. A granite boulder from a coarse
basal conglomerate at the base of Permian sedimentary
rocks.

Granite Pegmatite: 80 percent K-feldspar with perthite
veining containing small relic grains of highly-altered
plagioclase (10 percent) and 7 to 10 percent broken quartz.

222, 222 muscovite, and 222a: Mount Scherger. The
schist country rock (222a) is cut by small stocks, veins, and
dikes of pegmatite material (222).

222—Muscovite pegmatite: quartz, muscovite, feldspar.
222 muscovite—Muscovite concentrated from 222.
222a—Fibrolite-biotitequartz schist: 30 percent quartz,

10 percent plagioclase, 25 percent biotite, 7 percent musco-
vite, 18 percent fibrolite, 2 percent tourmaline, and 8 percent
opaques.

510, 510-1, 510-3, and 510-4: Mawson Escarpment,
northern part. Migmatite consisting of biotite plagiogneiss
(510) in bands 20 to 30 centimeters thick. The most typi-
cal and abundant vein material is biotite granite (510-1) in
bands 10 to 15 centimeters thick. Biotite-garnet gneisses
(510-4) occur as irregular lenses, 1 by 30 meters in size,
in both the plagiogneiss and veins. The last magmatic event
was the emplacement of pegmatitic veins (510-3) up to 1.2
meters thick.

510—Biotite plagiogneiss with a lepidogranoblastic tex-
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ture: 50 percent plagioclase, 25 percent quartz, 20 percent
bioiite, and 5 percent apatite, chlorite, and zircon.

510-1—Biotite granite: 10 percent plagioclase partly re-
placed by microcline and conspicuously sericitized, 70 percent
K-feldspar that is slightly cataclastic, and 20 percent biotite
that is partly chloritized and replaced by epidote micro-
veining, accessory zircon.

510-3—Pegmatitic granite: 65 percent K-feldspar that is
partially albitized and sometimes contains relics of more basic
plagioclase, 3 percent quartz, and minor plagioclase that is
sericitized.

5I0-4--Biotite-garnet gneiss: 25 percent plagioclase that
is highly sericitized and albitized at junctions with K-
feldspars, 35 percent microcline, 23 percent quartz, 7 percent
biotite, and 10 percent garnet.

552, 552-2, and 552-3: Pickering Nunatak. A migmatized
sequence of granulite facies rocks with a slight degree of
diaphthoresis. Hypersthene plagiogneiss (552) contains bands
of leucogranite (552-2) and both are cut by veins of
younger granites (552-3).

552—Biotite-hypersthene plagiogneiss: 52 percent plagio-
clase (An45), 15 percent quartz in granulated bands, 18
percent hypersthene, 13 percent biotite after hypersthene,
2 percent opaques, and accessory apatite and zircon.

522-2--Cataclastic leucogranite: 40 percent microcline,
25 percent plagioclase, 35 percent quartz, and rare muscovite
after microcline.

552-3--Slightly cataclastic leucogranite: 40 percent
microcline, 40 percent quartz, 20 percent plagioclase, and
accessory biotite and zircon.

Subterranean flow into Lake Bonney

BARRON L. WEAND, RICHARD D. FORTNER, and
ROBERT C. HOEHN

Civil Engineering Department

BRUCE C. PARKER
Biology Department

Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

Lake Bonney (77°43'S. 162'23'E.), a meromictic,
permanently ice-covered lake in Taylor Valley, south-
ern Victoria Land, has been the subject of numerous
liinnological investigations (Armitage and House,
1962; Angino and Armitage, 1963; Angino et al.,
1964; Goldman, 1964; Yamagata et al., 1967). Since
1972 researchers from Virginia Polytechnic Institute
aid State University have been making an intensive
effort to model the lake's unique ecosystem. Emphasis
to date has been on in situ monitoring of seasonal
variations in the lake's major chemical and biological
parameters (Parker et al., 1973; Parker et al., in
press; Hoehn et al., in press; Craig et al., 1974).

Lake Bonney is a nearly closed ecosystem. It is
permanently stratified with a chemocline beginning
at about 10 meters and a hypersaline monimolimnion
extending to the maximal depth (34 meters). The
lake is covered by approximately 3.5 meters of per-
manent ice. During the austral summer, the extreme
eastern end of the lake becomes ice-free and a narrow
(less than 10 meters) moat forms along the lake's
entire periphery. Glacial meltwater only enters the

lake during a 4- to 6-week period (in December and
January) of each year.

The present report is primarily based on chemical
changes in Lake Bonney's water and on measurements
and estimates of glacial meltwater flows into the
lake during the 1973-1974 summer. The latter, how-
ever, were hindered by problems of siltation and
unexpectedly high water flows (Hoehn et al., in
press; Hoehn et al., 1974).

Based on an observed increase in lake level (1.03
meters) during the 1973-1974 summer, we calculate
that the lake volume increased by 3.26 million cubic
meters, or by about 5 percent. Surface flow to the
lake was from the following glaciers: Sollas, LaCroix,
Matterhorn, Hughes, Calkin, Rhone, and Taylor
(figure 1). The last of these is by far the most im-
portant; we visually estimate it to represent 74 per-
cent of the total surface flow to the lake. Although
we were not able to precisely measure the flow from
each of these sources, our best estimate for the total
surface flow is 1.32 million cubic meters. Angino
(1964) estimated surface flow into Lake Bonney to
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