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Abstract: The -;ummer pdrty of the 42nd Jdpanese Antdrct1c Rese<lrch Expedi
tion (2000-2001) cdrned out magnetic surveys in the Mt R11ser-Laisen region the 
Ndp1e1 Complex, Enderby Ldnd, East Antdrct1cd We found strong magnetic 
anomalie� of mag111tude 7000 nT result111g from d metamorphoc;ed bdnded non 
formation (metd-BIF) runn111g 111 fels.1c gne1<,<; of the representative formation 
The geolog1cdl st1 ucture of the -.trike, fdult dnd dolente dyke under the morame, 
ldke dlld ice sheet are 111ferred from the l1nec1t1011 dnd d1scont111u1ty of the 
anomd!Ies The meta-BI F 11 rddidte:, the <,trong mdgnet1c field 1t 1s useful to 
clarify the geological st, uctu1e of the Nap1e1 Complex unde1 the Antarctic ice 
<,heet 

key words mdgnet1c anomaly, metct-BW Mt R11ser-La1 sen, Antc1rct1cd 

The summer party of the 42nd Japanese Antarctic Research Exped1t10n (JARE-42. 

2000-2001) conducted geophysical research in the Mt R11ser-Larsen region (66
°
45 7'S, 

5Q°
38 9'E), Amundsen Bay, Enderby Land, East Antarctica This region belonging to the 

Napier Complex, com,1sts mainly of gne1s�ose rocks charactenzed by ultrahigh temperature 

to lOOQ
°
C (e g, Sheraton et al, 1987) and high pressure to 11 kPa (Harley and Hensen, 

1990) metamorphism The complex ha:-;, been known as one of the oldest crusts in the 

world and has been dated to 3930± 10 Ma (Black et al, 1986) 
The region consists of post-glacial topography as represented by moraine, lakes, and 

steep ndges and cliffs, as shown in F1g I Outcrops of the basement rocks occur w1thm 

mountam ndges and steep cliffs A geological map published by Ishikawa et al (2000) 

1s shown m Fig I The continental glacier hes northward from the mam ndges of Mt 

Rmer-Larsen Richardson Lake and an unnamed lake (called East Lake in this paper) 

*Cedsed September l l, 200 l 
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he between the glacier and the mam ridge Magnetic surveys were planned to estimate the 

geological structures under moraine, lake and ice sheet, because magnetite layers have been 

reported m this region ( e g., Ishikawa et al, 2000) Mt R11ser-Larsen (686 m) hes not far 

from the north coastline of Adams FJord m Amundsen Bay, as shown m Fig I 

2. Geological outline 

The Mt R11ser-Larsen region consists of metamorphic rocks and unmetamorphosed 

dolerite mtrus1ons as summarized by Ish1zuka et al (1998) and Ishikawa et al (2000) 

The metamorphic rocks are d1v1ded mto a layered gneiss series, occurnng m the central to 

northwestern part of this region, and a massive gneiss senes m the southern to southeastern 

part of this region ( Fig I )  The layered gneiss 1s charactenzed by a layenng structure 

composed of garnet peht1c and mafic gneiss, impure quartzite, and metamorphosed banded 

iron format10n (meta-BIF) The massive gneiss consists mamly of massive orthopyroxene 

fels1c gneiss Metamorphic fohat10n stnkes NE-SW to E-W and dips at 20-40
° 

to the 

south or southeast m this region Dolerite dykes mtrude throughout the region striking 

N-S and NE-SW 

Meta-BIF 1s widespread It 1s a mmor formation m this reg10n, occurnng as layers 

and sometimes blocks withm the garnet felsic gneiss and rarely orthopyroxene fels1c gneiss 

The thickness of the meta-BIF layers ranges from several centimeters to several tens of 

centimeters, but 1t 1s rarely more than a few meters However, Funak1 et al (2001) 

reported the meta-BIF  charactenzed by the changeable thickness of 1 to 6 layer� of 

meta-BIF w1thm 30 m thick fels1c gneiss m the layered gneiss senes 

Magnetic and mmeralog1cal studies were earned out for meta-BI F  m the Mt 

Ruser-Larsen reg10n (Funaki, 1984, 1988, Funaki et al, 2001) The results md1cated that 

the pseudosmgle-domam (PSD)/mult1-domam (MD) structures of magnetite carry strong 

natural remanent magnetization (NRM) and susceptib1hty (x) Magnetite (Fe,04) and 

quartz (Si02) are the pnncipal components of meta-BIF 

3. Magnetic surveys 

Magnetic surveys were earned out from Dec 24, 2000 to Feb 2, 2001 m a region 3 

km x 7 km, as shown m Fig I ,  by usmg the proton magnetometers of G856 (Geometrics 

Inc , USA), EDA (EDA Instruments Inc , Canada) and PM-53 (Tierra Tecmca Inc , Japan) 

2 5 m above the surface The G856 and PM-53 were calibrated at Kak1oka Magnetic 

Observatory, Japan, and that of EDA was performed to refer to the G856 data at the camp 

The difference of field mtens1ty among the magnetometers was up to IO nT We used the 

PM-53 for reg1strat1on of magnetic vanat1on m the camp, and G856 and EDA were 

employed for the magnetic surveys by walking and sledge All magnetic field data were 

registered m the magnetometer, but the pos1t1ons obtained by GPS were recorded m the 

notebook, the honzontal accuracy of the GPS 1s 9 m (accordmg to the GPS manual) 

Consequently, a total of ca 5600 data were obtained along a total of about 150 km of 

profile Imes The surveyed region was d1v1ded mto 8 areas (area- I to -8) due to difference 

of the topography and survey methods, as shown m Table I and Fig I As the lake-ice 

cond1t1on worsened gradually over time, the surveys were planned m the order of area- I to 
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Table I Charactenstzcs of the magnetic surveys zn the respectzve areas 
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Area Location Topography /surface Survey method 
I Richardson lake flat, ice walk 
2 moraine convex slope walk 
3 Richardson lake flat, ice sledge 
4 moraine almost flat, small hills walk 
5 moraine concave, valley walk 
6 East lake, ice sheet almost flat, small hills, ice, glacier walk 
7 mountain ndges mountam ndges, outcrops, moraine walk 
8 mountain ndges and peninsula mountam ndges, outcrops, moraine walk 

-8 In this order, the surveys and transportat10n of cargos were safely done on Richardson 
Lake The continuous magnetic field was measured every mmute by the PM-53 2 5 m 
above the ground at the south corner of the camp When the magnetic field changed 
rapidly by several nT /minute due to sub-storms etc , we did not use the data measured 
durmg those durat10ns The magnetic field in this reg10n has intensity 45079 nT, declma
tlon -56 I 7° and mclmat10n -64 98° salculated from IGRF 2000* (Mandea and Macmil
lan, 2000) The profile Imes were planned m the NW-SE direct10n m many cases, but the 
E-W direct10n was employed m area-3 of Richardson Lake As area-7 and -8 were set on 
ndges and a peninsula, profile Imes were regulated by the topography 

3.1 W a/king surveys 
Magnetic surveys by walking were earned out by one and/ or two persons The 

magnetometer sensor was fixed to an observer's backpack or a load earner made of 
aluminum poles The magnetic field data were registered m the magnetometer m manual 
mode The profile d1rect10n was mamtamed usmg a small magnetic compass and the 
distances were measured m paces The magnetic n01se resulting from the eqmpment was 
estimated to be very small m the range of I to 5 nT 

Areas- I and -3 were covered by almost flat frozen lake ice with puddles along the 
coast In area-2, 1t was difficult to set parallel and constant interval profile Imes because 
of the convex moraine field topography Area-4 consisted of a gentle depress10n covered 
by a moraine overall, but there were small hills in the southern and eastern parts and a 
brook canyon under steep cliffs m the southeastern part Area-5 was a steep and deep 
valley covered by moraines Area-6 had only 2 profile Imes, because this area was the 
most dangerous for walking surveys due to many puddles and cracks m the lake and 
hidden crevasses m the ice sheet 

3.2. Sledge surveys 
A 4-wheel motorcycle pulling two sledges m tandem by 6 m ropes was employed for 

the magnetic surveys on Richardson Lake (area-3) An operator rode on the first sledge, 
made of fiberglass loaded with a magnetometer (G856), GPS system and batteries The 
magnetometer sensor was set up on an aluminum pole at 2 5 m height on the second sledge 

*(IGRF model 1s based on work by IAGA Working Group V-8, M10ara Mandea, Institute 
Physique Globe de Pans) 
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broken lzne 'F' Anomaly map zn the range of -2000 nT to O nT 



Magnetic surveys at Mt Rnser-Larsen, East Antarctica 85 

which was made of wood and plastic The magnetometer and a small chemical heater 
were wrapped m blankets to absorb shocks and v1brat10ns and for thermal msulat10n 
The magnetic nmse level resultmg from the sledges and motorcycle was less than IO nT by 
expenmental tests The survey courses were planned m the E-W d1rect10n and were 
momtored by GPS The speed of the motorcycle dunng measurements was kept by the 
dnver between 8 and 12 km/h The magnetic field was contmuously measured every 10 s 
m automatic mode of the magnetometer Although the low prec1s10n mark was prmted 
on the data durmg the sledge surveys, we adopted these data for analysis of the anomalies, 
because the mark came on even though the prec1s10n improved to O 1 or O 5 nT, which 1s 
extremely small compared with the observed magnetic field mtens1ty 

4. Results 

The data measured by the walkmg surveys mcluded some low grade data, which 
showed only extremely strong magnetic gradients around the meta-BIF layers So, we did 
not use these data for analyses of the magnetic anomaly When the promment magnetic 
fields were measured at only one site without any relat10n to that of surroundmg data, the 
data were also discarded Every GPS pos1t10n was converted to a rectangular coordmate 
system based on geographic coordmates centered at latitude 66° 45 7'S and longitude 
50°38 9'E m WGS 84, subsequently the magnetometer sensor pos1t10n was corrected to 
that of the GPS antenna (6 m dev1at10n) The magnetic anomaly data were calculated 
by subtractmg the contmuous data measured at the base from the surveyed data, and then 
they were converted to 10 X 10 m rectangular gnd data usmg fimte element structural 
analysis 

Consequently, we obtamed an extremely strong magnetic anomaly pattern m this 
reg10n havmg a range of -5000 nT to 7000 nT, as shown m Fig 2 The anomalies 
appeared along several straight Imes throughout the reg10n As the weaker anomalies 
cannot be seen due to low res0Iut10n m the wide range shown m Fig 2, a narrower scope, 
between -2000 and O nT, was extracted, It was plotted m Fig 3 A more precise anomaly 
pattern appears m the morame fields, Richardson Lake, East Lake and mountam ndges m 
this figure 

5. Discussion 

The representative lmeat10n and clusters of small lmeat10ns of the magnetic anomalies 
are denoted by solid Imes ( L-1 to L-6) m F 1g 3 Along lmeat10n L-1, several strong and 
sharp anomalies are d1stnbuted, passmg through the morame fields (area-2, -5 and -4), ndge 
(area-8) and Richardson Lake (area-3) with the stnke N45E The hneat10n charactenzed 
by several d1scontmuous Imes was aligned straight with different anomaly mtens1t1es 
Such structure may reflect the geometry of the source of the magnetic anomaly, d1scontmu-
1ty, vanable scale and straight alignment The same stnke 1s shown by L-6, while a short 
lmeat10n appeared Lmeat1on L-2, havmg the stnke N65E, showed a s1m1Iar charactens
t1c to L-1 These hneat10ns are parallel to the stnke of fels1c gneiss, but differ from the 
stnke of the dyke (N-S and NE-SW) The lmeat10ns of L-4 and -5 were parallel to the 
lmeat10n L-2 Namely, there 1s a d1scontmmty between L-1 and L-2, suggestmg the 
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presence of a fault ' F' with the rough stnke N35E, as shown m Fig 3 The l111eat1ons L-1 

and L-2 were possibly the same layer extend111g more than 7 km from Adams FJord to the 

111land of the contment In the area-3 of Richardson Lake 2 l111eat1ons of weak anomaly 

with the stnkes N35E and N 15W can be seen The anomaly with the former stnke wds 

parallel to the stnke of dolerite dykes described 111 the geological map (Ishikawa et al. 

2000) We confirmed the other dolente dyke 20 m thick parallel to the latter stnke at the 

Junction between the lmeat1on and the ndge (area-8) Therefore. the sources of these 

anomalies are concluded to be the dolente dyke In area-3 there are small and weak 

anomalies, shown by dots m Fig 3, which seem to be noise caused by v1brat1ons of the 

magnetometer on the sledge. because these noises only occurred dunng movmg of the 

sledges 

The stnke of the metamorphic foliation m this region 1s NE-SW to E-W, 1t dips at 

20-40
° 

to the south or southedst (lsh1zuka et al, 1998. Ishikawa et al, 2000) These 

d1rect1ons are essentially consistent with the magnetic anomalies m this region Meta-Bl F 

1s widespread, but It 1s a m111or format10n m this region accord111g to the geological map 

(Ishikawa et al, 2000) However, the magnetic anomaly strongly suggests that the 

magnetic survey 1s a powerful method to estimate the geolog1cal structure under lakes. 

mora111es and ice sheets Accordmg to Funak1 et al (2001 ), meta-BIF layers dre frequent

ly found m this region with thicknesses of O 5 to 2 m, occas1onally 6 m, mfernng the source 

of the magnetic anomaly m this region Meta-BIFs of I to 9 layers run 111 fels1c gneisses 

up to 30 m thick, but the thickness and number of layers vaned frequently 111 this region 

These appearances seem to resemble the anomaly patterns Meta-Bl F consists mamly of 

magnetite and quartz Large amounts of PSD magnetite gnans and MD magnetite grams 

are mcluded m It, -;uggest111g not only very strong x but dlso strong NRM, the average 

values of 9 samples are reported as the NRM mtenstty (R)=66 2 (A/m), x= I 54 (SI) and 

Q rat10 (R/(x·h))= I 24 (Funak1 et al, 2001) In contrast. fels1c gneiss should have ve1y 

low suscept1b!11ty and remanence because 1t mcludes poor magnetic mmerals Namely, a 

strong magnetic anomaly resultmg from the meta-Bl F layers 1s mferred m this region 

From these v1ewpomts, we strongly suggest that the lmeat1on of the magnetic anomaly 

result-; from the meta-Bl F layers mcluded m fels1c gneiss. but the weak anomaly of L-3 1s 

due to the dolerite dyke m the Mt R11ser-Larsen region 

The depth of Richardson Lake 1s 53 m but the thickness of the sediment 1s unknown 

The peak anomaly appeared to be more than 2000 nT 111 area-3 and around -700 nT 111 

area-4 If the magnetic properties and the geometry of the meta-Bl F layers dmong areas-2, 

-3 and -4 are not so different, the thickness of the morame can be roughly estimated based 

on the anomaly of Richardson Lake As the anomalies are of almost the same order for 

area-2 but much weaker for area-4, the thicknesses of morames may be of the same order 

and much deeper than the depth of Richardson Lake, assum111g shallow sediment m the 

lake If the lake <;ed1ment 1s much thicker, the mora111es of both areas are thickener than 

the above est1mat1on Smee the topographies of area-2 and area-4 can be estimated to be 

a basm and a dome respectively from Fig I the morame 111 area-4 may be estimated to be 

thicker than that 111 drea-2 

Golmsky et al ( 1996) summdnzed the magnetic anomaly measured by aeromagnet1c 

surveys above 2000-4000 m m altitude One of their results was d mode1 ate negative 

anomaly of about -300 nT above the Mt R11ser-Larsen region, with strong pos1t1ve 
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anomalies about 1000 nT offshore of the Napier complex This pattern can be seen also 
m the ADMAP-magnet1c anomaly map of the Antarctic (Moms and Frense, 2001) 
Probably knowledge of the magnetic anomaly resulting from the meta-BIF  layers d1rects us 
to estimate the source of the magnetic anomalies observed by the aeromagnet1c surveys 

We mtroduced the fundamental magnetic anomaly pattern of the Mt Ruser-Larsen 
reg10n in this paper, although many problems still remain, such as compensat10n for 
topographic and depth effects In a more precise study, the relat10nship among anomalies, 
NRM, x, and thickness of the meta-BIF layers must be studied This may contnbute to 
elucidate the precise geological aspects of the oldest crust underlaymg morame, lake and 
Antarctic ice sheet If we can estimate the scale of meta-BIF layers m the Napier Complex 
by magnetic surveys, it will contnbute to clanfy the ongin of meta-BIF as Algoma type 
(small scale of iron deposit compared with Supenor type) or Supenor type (large amount 
of 1ron deposit) which are sedimentary iron ores charactenzed by Archean and Proterozoic 
crusts, respectively 

6. Conclusions 

Magnetic surveys in the Mt Ruser-Larsen reg10n found strong magnetic anomalies to 
7000 nT not only on outcrops but also on the moraine field and lakes The anomalies 
ahgn straight with the stnke N45E or N65E, but the lineat10n 1s discontinuous with 
vanable intensity of anomalies As the direct10n of lineat10n 1s concordant to the structure 
of fels1c gneiss, the meta-BIF layers sandwiched m fels1c gneiss are concluded to be the 
source of the strong magnetic anomaly A dyke and a fault m Richardson Lake are 
inferred from the d1rect1ons of the anomaly and discontinuous lineat10n The meta-BIF 
may not be the main format10n m this reg10n, but the magnetic surveys are able to estimate 
geological structures under the Antarctic ice sheet because of Irradiat10n of the strong 
magnetic field from the meta-BIF layers These magnetic surveys may elucidate more 
precise geological structures after compensat10n for the effects of topography, magnetic 
properties of meta-BIF and depth of the magnetic source 
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