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Abstract The first study of erratic boulder exposure ages in the Grove Mountains,
interior A ntarctica, indicates the wo erratic boulders (060131-1 and 060131-2, col-
lected from a typical nunatsks, Zakhanff Ridge in the Grove Mountains) have *°Be
minimum exposure agesof 1 24 +Q 11 Ma, 1 37 +Q 12 Ma, and * Al ages of
090+0 12Ma, 0 44 £Q 04Ma, regpectively Meawhile, another erratic boulder
sample 060131-4, coming from vicinal ice surface, has°Be and Al minimum expo-
aure agesof 0 47 £0 3Maand 0 44 +0 04Ma, repectively The exposure ages of
the three erratic boulders are nearly smilar to the bedrockswith the smilar elevation

Thus using the technique of in situ produced terrestrial cosnogenic nuclides, the ice
sheet ewolution histories in the Grove M ountains reflected by erratic boulder and bed-
rock exposure ages are basically consistent
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1 Introduction

In last tvo decades, the technique of in situ produced terrestrial cognogenic nuclides
(such as’He, “Be, *Ne, *Al, ¥*Cl, etc ) has been widely gpplied in geosciences, as
an important and useful ol o study the surface processes™. Egecially, dating themini-
mum exposure age of the surface rock (usually the time of deglaciation) and calculating the
maximal surface erosion rate have been becaming the most extensive and typical gpplication
fields, by measuring the in situ produced cosnogenic nuclides concentrationsof the surface
rocks (bedrocks or erratic boulders).

Recently, study of the Cenoaic and Pliocene evolution of the A ntarctic Ice Sheet be-
havior is becaming one of the considerable scientific hot gots, which is important for recon-
structing global paleo-climate ewolution'”. Dating surface exposuresof bedrocksor moraine
deposits using in situ produced cosnogenic nuclidesprovides a directmethod to indicate the
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exposure time of the surface after deglaciation, and it is generally gpplied in the areas of
Antarcticd®™'. The study of the exposure ages in the interior GroveMountains (GV) has
been just beginning Based on the previouswork, thispgperwill discuss the exposure ages
of the erratic boulders in this region Considering the different reversion-zero mechanisn s of
the expoaure ages of the bedrock and erratic boulder, wewill compare the bedrock and er-

ratic exposure ages, in order to further discuss the glacier evolution history of this region
2 Geological stting

The GM lie in Princess Elizabeth Land (72°20'-73°10'S, 73°50'-75°40'E), in the
interior of East A ntarctica, on the east coast of L anbert Rift, between the Zhongshan Sta-
tion and Dome A, 450 km awvay from the Zhongshan Station, cover an areaof 3200 km’
and include 64 nunataks™*. Bedrocksof the GV aremainly composed of high-grade late
Proteroic metamorphic rocks including felsic granulite, granitic gneiss, mafic granulite
lenses and charnockite, ranging in grade from upper anphibolite to granulite facies™™®.
The Zakharoff Ridge (72°54'S, 75°11'E) , one of the typical nunataks in this region, lies
in the outhern part, near theMount Harding (72°53'S, 75°01'E) (Fig 1). The elevation
of the glacial surface on the dorsal side is 1800-1900 m, and 2000-2100 m on the stoss
side Ice dtriations and moraineswere canmonly found up ©© 100 m above the present ice
arface Thisperhaps suggests a limited increase of the ice sheet surface elevation after ini-
tial decrease fran the crest
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Fig 1 Mg of the Zakharoff Ridge shawving the sampling positions

During the 1998, 1999, and 2005 summers, the 15th, 16th, and 22nd Chinese Ant-
arctic Research Expedition (CH NARE) worked in the GV and found potential indicators
of the past surface elevations of the interior EA IS, such as ils and moraines, containing
the Tertiary oropollen'™ ™. They al® found the Cenomic conglomerate, which has un-
dergone preliminary analysis®. Huang et al (2008) ™' reported the bedrock exposure
age of the Zakharoff Ridge and Mount Harding, the wo typical nunataks in GM. The high-
est bedrock hasminimum exposure age of 2M a, indicating theminimum age of deglaciation
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in this region Previouswork unveils the research of the glacier evolution fran Pliocene in
interior Antarctica, and still it calls for more detailed work on it

3 Sampling and L aboratory Treatment

The previoudly studied six bedrock samplesR8201, R8203, R8205, R8206, R8207,
and R8210 were collected from top 1 bottom of the sioss slopewith gradient slop of Zakhar-
roff Ridge (peak altitude is2256 m) by Huangetal (2008)™*'. Andwewill focus in the
following analyses on three erratic boulder samples 060131-1, 060131-2 and 060131-4
coming fran the sane profile, which are aimost located with the equal elevations as the bed-
rock samples R8205 (about 2225 m) , R8206 (about 2204 m) and R8210 (about 2100
m), repectively (Fig 1). We detemined the locations and elevations of all sanple sites
with the topographic mgp drawn by A ntarctic Center of Surveying and M gpping of the W u-
han University, State Bureau of Surveying and M apping, and Chinese A rctic and A ntarctic
Administration (2001). Elevation uncertainties are less than 20 m.

The erratic boulder sample 060131-1 was collected below the crest of the Zakharroff
Ridge and near one of the Chinese surveyingmarks, at about2225m. It isnearly triangular
in shgpe, with side length of 2 5 m and thickness of goproximately 1 m; the smple
060131-2 (about 2208 m) partially has side length of Im and thickness of approximately
0 5m Because the erratic boulders near the ice surface in thisprofile are all fragnental,
and snall size (with diameter <Q 5m), we sampled the erratic boulder sample 060131-4
(about 2083 m) at themodern ice surface of the dorsal site in thewest of Zakharroff Ridge,
o campare with the lowest bedrock sample R8210 (nearly 2100 m) (Fig 2). Table 1
show's the details of all samples The samples analyzed were taken fran flat slopes, and
sanpling depthswere <5 an. W e awided those sites sheltered by high landfomsor erratic
boulders during ssmpling Thus, shielding and depth correctionswere not considered in this
work

Fig 2 The picturesof the Zakharrof Ridge and the erratic boulder samples

Chemical preparationsof the ssmpleswere carried out in the cosnogenic nuclide labo-
ratory at the Institute of Geology and Geophysics, Chinese A cademy of Sciences The °Be
and A | concentrationswere measured by the accelerator mass Pectrometry (AMS) at the
Australian Nuclear Science and Technology Organization (ANSTO), Australia Details of

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnl
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the °Be and *°A | measurament procedures, calibration and background corrections can be
found in the literaturesof Huang et al  (2008) '**!, Kongetal (2007)'*! and Fink et al
(2004, 2006) 1%

4 Realtsand D iscussion

Table 1 shows both the measured values and calculated ages The calculation results
show that the ®A | and *’Beminimum exposure agesof the erratic boulder samples 060131~
1 and 060131-4 are basically in accordance considering their errors, regectively. Howev-
er, the®Al and ’Be minimum exposure ages of the sample 060131-2 show certain devia-
tion Generally, it rarely gopears in erratic boulder sample testing, © the detail reans are
not clear Figure 3 plots the®A1/*°Be ratiosV's °Be concentrations nomalized o sea lev-
el and high latitude for all ssmples The samples060131-1 and 060131-4 are both projected
within the erosion island, which isusually considered to only have smple exposure histories
because erosion occurred for erratic boulder samples™*?!. Nevertheless, 060131-2 is
projected outside of the erosion island because of deviation of its®®A | and ’Be concentra-
tions (Fig 3). Due i the better precision of ’Be exposure age than that of *Al, we will
discusswith *’Be exposure age below.

6

26A1/10Be

10Be(atom/g)

Fig 3 Plotof *Al1/°Be vs"Be concentrations ‘°Be concentrations have been nomalized © sea level and high
latitude according o scaling method of Lal (1991) ™, modified by Stone (2000) "*'.

In table 1, the bedrock sample R8201 (about 2256 m) , located on the crest of the Za-
kharroff Ridge, has'’Be and **A | minimum exposure age of 2 00 +0 22Ma and 2 13 *
Q 56Ma, limiting theminimum age of deglaciation in this region'**’. Mearwhile, the*Be
minimum exposure age of the erratic boulder samples 060131-1 (1 24 =+ Q 11 Ma),
060131-2 (1 37 +Q 12Ma) and 060131-4 (Q. 47 £Q 03Ma) are basically identical with
that of the bedrock samples R8205 (1 72 +0 18 Ma), R8206 (1 68 +0 17 Ma) and
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R8210(0Q 57 +0 04Ma), repectively, which are aimost located in the same elevations as
the erratic boulders, regectively Hence, the exposure ages of the bedrock and erratic
boulder in the GV are essentially consistent with each other

Ele Quarz “Beconc  PAlconc ., w0 o Min“Be MinZAl

sple e () (9  (10aomig (10Cawmig) VB ae Ma)  age Ma)

060131-1 g{ﬂ“g’r 2225 7219 402+10 1546+8 0 385+023 124+011 Q90+Q 12
0601312 b%mg 208 2592 426+10 920236 216+013 1372012 Q440 04
060131-4 begﬂ?éigr 2083 121 16 156+04 807%25 518+030 047203 Q440 04

R8201  bedrock 2256 12 4 56 7+15 234 +11 4 14+022 200%+0Q 22 2 13+0 56
R8205 bedrock 2230 11 0 506+18 194 +13 382+029 172+018 135%0 25
R8206  bedrock 2204 12 7 48 9+1 2 144+46 294+017 168017 0 83%Q 10

R8210 bedrock 2100 15 2 19 5+0 5 40 +12 203+x075 0Q57+004 0 18+0 07
Note The four bedrock sangles(RSZOl R8205 R8206 R8210) data cited by Huang FX, et al (2008)
* Theminimun Be and “ Al exposure ages are calculated by using scaling method for A ntarctica fran Lal
(1991) "', modified by Stone (2000) '**.
* The errors of minimum ’Be and A | exposure ages(D ) include 2% from AM'S, 6% from production rate,
1% from Be carrier and 4% fram ICP-AESforAl

Generally eaking, the in situ produced cosnogenic nuclides exposure ages of the
bedrock and erratic boulder have certain difference The glacier evolution reflected by the
bedrock is as follovs the bedrock to the depth of over 1 2 m will be eroded, while the
glacier ismoving foward, then the accumulation of the cosnogenic nuclides returns back ©
zera W hen the glacier recedes, the cosnogenic nuclideswill begin  increase again Fur-
themore, the surface bedrock still has rannant cosnogenic nuclides, even if the insuffi-
cient thickness of the surface bedrock is eroded So the amount of the cosnogenic nulides
will accumulate as the glacier fades avay. At the sane time the bedrock exposure age indi-
cates the multiple cumulative exposures age®®’. However, as o the erratic boulder, the
meaning of exposure age is relatively complicated Generally, the erratic boulder is trans
ported by the erosion of the glacier from allopatry. Though the course isprobably complex,
the accumulation of the cognogenic nulides concentration could be neglected because of the
strong erosion in the course of trangortation, according o the previous research After the
glacier recedes, themoraine debrisof the glacier teminus are unloaded, locating above the
bedrock, and it starts timing the exposure, namely, initial accumulation of the cosnogenic
nuclides concentration The erratic boulders probably have been eroded or overturned, if
they had experienced a glaciation once again, 1 the effect they begin © time againwith the
deglaciation A s the erratic boulders are aways subjected o intense erosion of the glaci-
ation, they hardly preserve the previous cosnogenic nuclides concentration Hence themin-
imum exposure age difference betveen the bedrock and the erratic is canmon, while the
bedrock preserves the previous cosnogenic nuclides concentration'””’. But the result of our
present study indicates the in situ producted cosnogenic nuclides exposure agesof the bed-
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rock and erratic boulder are consistent with each other within the errors, meaning the cos
mogenic nuclides concentration of the bedrock has little evident previous accumulation
Hence, the in situ producted cosnogenic nuclides®A | and *°Be exposure ages of the bed-
rock and erratic boulder indicate the identical history of deglaciation in the GV, interior
Antarctica

5 Conclusions

The study on the in situ producted cosnogenic nuclides°Be and A | exposure ages of
the erratic boulders collected from the nunatak Zakharroff Ridge in the Grove Mountains,
indicates that they are consistentwith the bedrock exposure ages in this region Hence, the
erratic boulders and bedrock exposure ages both probably reflect the evolution history of
glacier in GroveMountains, interior land of A ntarctica
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