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ABSTRACT

Measurements made between 1959 and 1984 by the British
Antarctic Survey at gravity stations on the Antarctic
Peninsula have been recomputed within a stronger base station
framework. The results are tabulated as absolute, Bouguer and
free-air anomalies and are also presented in contoured form. A
1:1500000 Bouguer anomaly map reveals several anomalous
trends, the most significant of which is an axial minimum
attributed to crustal thickening asymmetrically distributed
beneath the geographical axis of the peninsula. Automated
direct modelling of selected gravity profiles suggests that crustal
thicknesses exceed 30 km. Isolated positive gravity anomalies
off the west coast of Graham Land could represent part of a
more extensive anomalous zone trending south at least to the
Batterbee Mountains in Palmer Land; they may be associated
with the west coast magnetic anomaly.

Over 36000 line kilometres of aeromagnetic profiles have
been recovered and processed since 1973. The data are
presented as a contoured map together with representative
observed profiles. Several distinct magnetic provinces are

identified, including a west coast anomaly traceable for over
1300km and trending nearly parallel to the arcuate peninsula.
The tectonic significance of the anomaly is conjectural but it
may represent a composite igneous intrusive body related to
known Mesozoic-Cenozoic subduction.

The active magnetic signature of the west coast anomaly
contrasts with the quieter magnetic regime of the Larsen Ice
Shelf, where sedimentary thicknesses in excess of 10km are
estimated. Over Alexander Island, low magnetic gradients
reflect underlying sediments whilst superimposed Iocal
magnetic anomalies correspond to dispersed igneous bodies.
Certain gravity anomalies over the island conform with block
faulting and, in the northern half, with crustal thickening. Both
gravity and magnetic anomalies over George VI Sound are
consistent-with those of a major graben structure.

Along the Black Coast of south-east Palmer Land, a pocket
of short-wavelength, high-amplitude magnetic anomalies
suggests the presence of near-surface bodies rich in magnetite.
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I. INTRODUCTION

West Antarctica is believed to consist of several continental
fragments, geographically separate at depth but united by the
same ice sheet that covers the geologically distinct, larger and
older stable continental shield of East Antarctica. One of these
fragments is the Antarctic Peninsula (Fig. 1), defined as the
mainland peninsula north of a line joining Cape Adams (lat.
75°00'S, long. 62°34'W) and a point lat. 73°24’S, long.
72°00' W on English Coast.

From its base, the Antarctic Peninsula trends northward for
1500 km, its arcuate form at first convex towards and then
concave away from the ice-shelf fringed Weddell Sea. The point
of inflection occurs around lat. 69°S, where an obvious
narrowing provides a natural division between Palmer Land
and the less massive Graham Land.

Palmer Land is 250-280km in width with a central plateau
region averaging 1800 m in elevation. Its plateau ice is broken
by nunataks and isolated mountain chains, which reach a
maximum height of 2652m at Mount Jackson. Lying to the

west of the mainland is the more varied terrain of Alexander
Island. The two are separated by George VI Sound, an ice-filled
channel of rifted appearance, 25-95 km wide, 400km long and
with water depths in excess of 800 m.

The precipitous west coast of Graham Land also has associated
offshore islands but, unlike Alexander Island, these take the
form of a rugged archipelago. Adelaide Island is the largest of
the islands. Many of the smaller ones are revealed only
periodically at low tides, making a jagged and treacherous
coast. The Graham Land plateau has an average elevation of
1400 m and is typically between 40 and 70 km wide. However, at.
intervals, encroaching glacier headwalls narrow the plateau, at
one locality appropriately named The Catwalk (lat. 64°31'S,
long. 60° 55" W), to a mere 4 km. Along the imposing west coast
the glaciers calve directly into the sea, in marked contrast with
the east coast where the glaciers coalesce to form Larsen Ice
Shelf.

II. GEOLOGY

Antarctica is composed of two contrasting geological
provinces, the Precambrian craton constituting East (Greater)
Antarctica and the younger Phanerozoic mobile belt of West
(Lesser) Antarctica. Their present juxtaposition and their
relative positions in Gondwana reconstructions continue to be
the subject of speculation but a clearer understanding is now
emerging of the geological evolution of West Antarctica and its
relationship to southern South America.

The rock outcrops visible in West Antarctica scarcely suggest
the extensive land mass hidden beneath the ice canopy. Several
continental fragments, separated by deep trenches, are believed
to exist, each having moved independently from original
positions along the Pacific margin of Gondwana. The Antarctic
Peninsula is one such fragment. Collation of field samples has
identified a complex chronological framework, which has
united hitherto unconstrained strato-tectonic units and
accommodated them into known geological provinces. A linear
development of fore-arc, magmatic-arc and back-arc terranes
has been recognized and attributed to subduction of the Pacific
Ocean floor beneath the western margin of the former super-
continent. Subduction activity may have been continuous, but
related processes episodic, from late Palaeozoic through to late
Cenozoic time.

During the Triassic and Jurassic there appears to have been a

linear continuity between the magmatic arcs of the Antarctic ..

Peninsula and the southern Andes, but the extensive
Carboniferous-Devonian formations of southern South
America are not mirrored in West Antarctica. While it is
believed that continental crust formed the platform that
sustained successive magmatic events, the exact fabric of the
basement in the Antarctic Peninsula remains uncertain.
Basement rocks have been variously described (Adie, 1954;
Pankhurst, 1982) but, if restricted in type to older crustal rocks
(Dalziel, 1982), their distribution is limited to the east side of
Graham Land where Rb—Sr whole rock ages on migmatitic
rocks have yielded ages up to 600Ma (Pankhurst, 1982).
This categorization of basement excludes the late

Palacozoic—Mesozoic group of unfossiliferous sediments and
metasediments comprised of the Trinity Peninsula Group of
north-east Graham Land and the LeMay Group of Alexander
Island. Their diagenesis may be a consequence of accretion-
subduction processes; they may have originated as fore-arc
basin sediments (Smellie, 1981; Hyden and Tanner, 1981) or
alternatively during trench deposition forming part of an
accretionary prism (Storey and Garrett, 1985).

The Mesozoic heralded an intense period of magmatic and
tectonic activity that has continued, though in subdued form, to
the present. More than 80%; of Antarctic Peninsula outcrops are
of plutonic origin and represent an Upper Triassic-Tertiary
calc-alkaline suite ranging in known age from 209 Ma
(Pankhurst, 1982) to 9.5Ma (Baker and Rex, 1973). They
intrude, and are often contemporaneous with, the Antarctic
Peninsula Volcanic Group, a Jurassic-Tertiary sequence of
calc-alkaline pyroclastic tuffs and breccias interbedded with
lavas. Magmatic activity ceased in the.southern part of the
peninsula about100 Ma ago; the standstill moved progressively
northward as a spreading ridge was subducted beneath the
trench (Barker, 1982).

Geographical continuity between the Antarctic Peninsula
and South America may have lasted until the mid-Tertiary
(Woodburne and Zinsmeister, 1982) but the connection became
tenuous after the late Jurassic-early Cretaceous separation of
Africa and South America. A major marginal basin developed
to the east of the Andes but it had no counterpart in the south.
However, sedimentation along the flanks of an emergent arc is
generally associated with subduction; notable examples along
the Antarctic Peninsula are the fore-arc basin sediments known
collectively as the Fossil Bluff Formation. These were deposited
off the western margin during the Upper Jurassic-Lower
Cretaceous; their lithologies are indicative of marine and
terrestrial environments. Thicknesses of 5000m have been
estimated, similar to the back-arc sediments of the James
Ross Island Group, a Cretaceous—early Tertiary sequence of
marine volcanoclastic sediments. Late Mesozoic back-arc
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Fig. 1. Location diagram for the Antarctic Peninsula.




RECONNAISSANCE GRAVITY AND AEROMAGNETIC SURVEYS OF THE ANTARCTIC PENINSULA 5

sedimentation is also inferred for the Latady Formation
(Rowley and Williams, 1982) whose type locality, though at a
similar longitude to the James Ross Island Grou p. lies 100 km
te the south. This suggests a fairly extensive back-arc sedi-
mentary terranc (Farquharson, 1982),

Subduction of the proto-Pacilic plate beneath the western
edge of the Antarctic Peninsula continued until the Tertiary, at
which time the Pacific and Antarctic plates became coupled

(Herron and Tucholke, 1976) and magmatism all but ceased.
However, spreading continued in the western Drake Passage
leading to the separation of the Antarctic Peninsula from South
America. This commenced about 29 Ma ago and continued
until 6 Ma ago (Barker and Burrell, 1977). The opening of
Bransfield Strait as a marginal basin was probably initiated
1.3 Ma ago during the closing stages of subduction activity and
there is strong evidence that it continues today (Roach, [978),

IIl. THE GRAVITY SURVEY

Reconnaissance gravily surveys of the Antarctic Peninsula
and offshore islands commenced in 1959 and involved ship-to-
shore measurements along the west coast of Graham Land
(Griffiths and others, 1964; Davey and Renner, 1969). These
measurements  were  later supplemented  with  land-based
observations (Kennett, 1966a; Renner, 1980), As the network of
stations increased, surveys were extended to Palmer Land and
Alexander Island (Burns, 1974 Butler, 1975). Field travel
initially consisted of dog sledging, but the introduction of
motorized toboggans together with the increasing use ol
aircrafl support gave oversnow parties greater mobility and
range,

In some parts of the Antarctic Peninsula, rugged terrain
restricts surface travel. Apart from the relatively smooth Larsen
lce Shelf and the Palmer Land plateau, ground traverses are
generally confined o valley glaciers where progress may be
impeded by crevassed zones, ice falls, or valley headwalls. While
it is advantageous to occupy rock sites, these are not always
accessible. The plateau region offers relatively straightforward
travel but it is an almost featureless, rock-free terrain, On
average, oneday in three is lost to inclement weather. Wind and
low temperatures can alfect the performance of instruments and
cause further time loss in an already shorl summer season.

AL SURVEY PROCEDURE AND DATA PROCESSING

1. Gravity meters

Three types of gravity meter (Worden, LaCoste and
Romberg, Norgaard) have been variously cmployed by BAS
ficld geophysicists. Of these, Worden geodetic gravily meters
Nos. 556, 743 and 886 have been those most heavily used
(Fig. 2a) although, during the 195960 season, Griffiths and
others (1964) used a Worden gravity meter (No. 14) without
geodetic or thermostatic facilities. However, a thermostatic
control 1s not essential. During the earlier long dog-sledging
journeys a suitable power supply could not be maintained and
lemperature calibration factors were interpolated from those
supplied by the maker. Thermostatic control has been used to
advantage during air and ship-borne links, such as those in
which LaCoste and Romberg meters (Fig, 25) were employed
Kennett, 1965q; Renner, 1981a, 1981 5: Sturgeon and Renner,
1983). The Norgaard gravity meter was used for local traverses
rom Hope Bay (Renner, 1980).

To minimize adverse vibration-induced drift during field
ravel, the gravity meters have been supported and secured on a
varicty of experimental mounts. Initially, a custom-made
vadded container was used but this was superseded by
suspending the gravity meter in a rigid frame on the back of the

P

L Wik
.-e'_m_.l. ey
S L T

Fig. 2. o Worden gravimeter being read al the USGS-BAS Daoppler satellite
controlled station on Dodson Peninsula, Orville Coast (Renner, 1982),
b Lacoste and Romberg gravimeter and Worden gravimeter at Hope
Bay primary gravity base station.
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sledge or motor toboggan. Similar protective measures were
used during air and ship transport.

Whenever possible, gravity meters were calibrated in the UK
before and after their Antarctic service; for this the established
calibration line in Cheshire between Hatton Heath and Prees
was used (Masson Smith and others, 1974). Despite frequent
continuous field use, over thousands of kilometres and periods
of up to three years, successive checks failed to show significant
changes in calibration constants from those supplied by the
manufacturers.

2. International links

The original gravity datum for Graham Land was established
by Griffiths and others (1964) using a Worden gravity meter
with ship-borne links to the international gravity base stations
at Buenos Aires (Argentina) and Montevideo (Uruguay).
Kennett (1965a) strengthened the network using a LaCoste and
Romberg (No. 2) gravity meter; this reduced by up to 31 gu the
original absolute values. The amended values have provided the
basis of all subsequent BAS gravity surveys. Table I lists the
primary gravity base stations.

Until definitive gravity air-links are established to South
America, the absolute network for the Antarctic Peninsula
remains hinged to the early gravity ties. A two-way air-link
between Rothera and McMurdo stations used a LaCoste and
Romberg (No. 456) gravity meter (Renner, 1981b) to tie the
Antarctic Peninsula network indirectly 'to the international
gravity network via New Zealand. By this means an absolute
value of 9.824796 m s ~ 2 was determined for Rothera compared
with 9.824817ms ™2 established via ship links with South
America. The discrepancy of —21 gu may be attributed in part
to unknown gravity meter drift suffered on the relatively
lengthy sea voyages between the Antarctic Peninsula and South
America. In 1983, a ten-hour, one-way tie was measured by a
non-thermostatted Worden gravimeter between Punta Arenas
and Rothera. Details of the South American station are as
follows: Station PUQ J7915, lat.:53°00'3"S, long. 70°50'5"W,
located in the south-west corner of meteorological workshop
Presidente Ibanez Airport, Punta Arenas. The absolute value of

- gravity relative to IGSN 71 being 9.81297591 m's ™2 (personal

communication, Manuel Arenada, Departamento de Geologia
y Geofisica, Universidad de Chile). From this, an absolute value
was determined at Rothera of 9.824775ms™? (relative to
IGSN 71).- Until the Antarctic Peninsula network is more
accurately linked to IGSN 71 all quoted absolute values are’
based on the international links of Griffiths and others (1964)

‘and Kennett (19654). The tabulated values are estimated to be

about 180 gu higher than IGSN equivalents.

Secondary gravity base stations, defined as those with strong
ties to the primary network, are given in Table IL. In the same
category but listed separately (Table III) are stations occupied
during the United States Geological Survey (USGS)-BAS
Doppler satellite programmes of - 1975-1979 (Renner, 1982;
Sturgeon and Renner, 1983).

3. Station positioning

Navigation has relied mainly on sledge wheel and compass
together with resection to known topographical features.
However, during the joint USGS-BAS Doppler satellite
programme, positions were fixed by Geoceiver and, since 1982,
oversnow geophysical parties have been equipped with a
satellite navigation instrument. Oversnow parties since 1982
have also carried a radio-echo ice thickness measuring system
and seismic equipment for depth-to-seabed measurements. This
facilitates a geological interpretation of gravity measurements
on both grounded and floating ice stations.

The major error inherent in most Antarctic gravity surveys is
that of elevation control. BAS has experimented with several
barometric methods using Baromec, Walker, and Wallace and
Tiernan precision aneroids. At first, pressure readings alone
were recorded at each gravity station using up to three aneroids.
Later, the field readings were corrected by extrapolation of sea
level pressures recorded at the nearest scientific observatory
(Kennett, 1965b). However, as survey areas became increasingly
remote from observatory control, the favoured technique was
to set up a field barograph within the immediate survey area to
provide continuous pressure reference. - '

Table I. Primary gravity base stations network (after Griffiths and others, 1964).

Latitude -~ Longitude Absolute  Bouguer

N w Height Gravity  Anomaly
Gravity Station ° ° ! (m) (gu) (gu)
Port Stanley 51 415 57 51.1 4.2 9812433 247
Grytviken! 54 17.1 36 29.6 0 9815213 760
Zavodovski 1. 56 16.5 27 329 4.0 9818443 2309
Signy 1. 60 42.6 45 35.7 4.0 9821392 1677
Admiralty Bay 62 05.0 58 23.6 9.0 9821930 1178
Deception 1. 62 58.7 60 33.7 0 9822223 788
Hope Bay 63 24.0 56 58.8 3.0 9822525 804
Longing Gap 64 26.6 58 58.3 56.0 9822948 569
Waterboat Point 64 49.3 62 51.4 40 9823044 295
Port Lockroy 64 49.5 63 29.2 0 9823036 277
Faraday Station? 65 14.7 64 153 9.0 9823392 359
Detaille 1. 66 52.2 66 47.4 50 9824499 364
Rothera Point? 67 34.1 68 07.5 12.1 9824817 243
Adelaide L. 67 45.7 68 549 43 9825190 478
Stonington L 68 11.1 66 59.8 15.7 9825094 149
Fossil Bluff 71 194 68 17.2 67.0 9826641 —65

! Formerly referred to as King Edward Point
2 Formerly referred to as Galindez Island
3 Established 1976 (Renner, 1981b)
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Table II. Secondary gravity base stations over the Antarctic Peninsula.

Latitude Longitude Absolute  Bouguer
N w Height Gravity ~ Anomaly
Gravity Station o e (m) (gu) (gu)
Crystal Hill 63 39.1 57 485 0 9822618 773
Cape Disappointment 65 329 61 435 265.0 9823350 625
Churchill Depot 66 21.0 62 54.8 336.0 9823877 742
Robinson Cairn 66 50.9 64 034 221.0 9823755 75
Horseshoe 1. 67 48.6 67 16.8 7.6 9825026 289
Vesconte Point 68 30.4 65 11.8 274.0 9824637 —-13
Ptolemy Survey Cairn 68 33.6 65 50.3 551.5 9823618 ~519
Mercator Survey Cairn 68 39.4 65 39.2 443.5 9823900 —508
Victory Nunatak 68 44.3 64 23.1 118.0 9825218 119
Elton Survey Cairn 68 49.6 66 36.8 763.6 9823582 —301
Damien Survey Cairmn 69 08.0 65 189 18272 9821341 —637
Finley Survey Caim 69 157 63 23.6 747.6 9824164 —15
Conchie Survey Cairn 69 26.6 65 01.6 1975.9 9821152 —720
Rymill Survey Cairn 69 31.8 62 29.4 4459 9825097 164
Spot Survey Cairn 69 352 66 38.7 978.4 9823687 —232
Pristine Survey Cairn 69 37.2 65 52.8 1366.7 9822671 —503
Sullivan Survey Cairn 69 40.0 63 569 1954.6 9821527 —-519
Quintin Depot 69 59.0 67 333 10624 9823846 —86
Charity Depot 70 00.9 64 21.3 21553 9820890 —967
James Survey Cairn 70 03.7 62 249 507.7 9825334 210
Calypso Survey Cairn 70 139 63 19.0 1701.6 9822294 —580
Temnikow Nunataks 70 352 64 17.6 1671.0 9822318 —820
Clark Hills 70 42.0 63 09.7 1792.5 9822538 —426
St Valentines Survey Cairn 70 51.7 66 23.7 1115.1 9824024 -309
Pimpernel Survey Cairn 70 56.7 64 13.1 2211.0 9821295 —984
South Elands Depot 70 59.8 63 28.3 17520 9822358 —852
Jackson Depot 71 159 63 10.3 1737.0 9822552 -838
Lamplugh Survey Cairn 71 19.2 61 39.9 1237.8 9824217 —184
Castle Rock Depot 71 26.8 66 56.0 980.5 9824988 71
Spike Survey Cairn 72 01.7 64 52.2 1663.2 9823296 —653

Table I1I. Gravity base stations occupied during joint USGS-BAS Doppler satellite positioning programme.

Latitude Longitude Absolute  Bouguer
N w Height Gravity ~ Anomaly
Gravity Station o ° (m) (gu) (gu)
Grytviken, South Georgia 54 17.0 36 29.6 2.7 9815241 794
Signy L., South Orkney Is. 60 42.5 45 356 25.0 9821354 1682
Admiralty Bay, South Shetland Is. 62 05.1 58 23.6 18.3 9821907 1172
Petrel Station, Dundee 1. 63 28.8 56 133 64.8 9822189 515
Cobalescou L. 64 10.7 61 39.0 243 9822887 632
Marambio Station, Seymour 1. 64 14.1 56 37.2 196.0 9822334 376
Palmer Station, Anvers 1. 64 46.4 64 03.1 149 9823031 338
Damoy Point, Wiencke I. 64 49.1 63 303 10.0 9823005 270
Matienzo Station, Larsen Nunatak 64 58.6 60 04.3 250 9823290 475
Faraday Astrofix, Galindez 1. 65 14.7 64 154 73 9823396 360
Rothera Point 67 34.1 68 07.5 12.1 9824817 243
Adelaide 1. Astrofix 67 45.6 68 549 254 9825136 466
Adelaide 1. 67 45.7 68 549 43 9825190 478
Three Slice Nunatak 68 022 64 59.2 254.6 9824540 146
Stonington I. 68 11.1 66 59.8 15.7 9825094 149
Havre Mountains 69 07.6 71 36.7 813.6 9823888 —80
Fossil Bluff Astrofix 71 194 68 16.8 62.8 9826624 -90
Fossil Bluff 71 19.4 68 17.2 67.0 9826641 —65
Gluck Peak 71 425 72 414 356.8 9826354 8
Lassiter Coast 73 06.7 62 49.9 1591.0 9824298 —355
- Gomez Nunatak 73 56.1 68 37.7 1548.0 9824530 -615
Lassiter Coast 74 272 64 338 1468.0 9825218 —331
Tottan Hills 74 36.6 14 40.2 1143.1 9825831 —430
Orville Coast 75 34.2 66 499 1405.6 9825991 ~187
Siple II! 75 56.4 84 149 1278.0 9826256 920
Sentinel Range, Ellsworth Mountains 77 31.1 86 21.6 1587.0 9826195 —428
Theron Mountains 78 56.3 27 352 665.1 9828375 -577
Heritage Range, Ellsworth Mountains 80 02.0 80 53.8 837.2 9828800 —-170
Shackleton Mountains 80 24.0 26 51.1 11120 9828320 —221

! Snow Station (Renner, 1981a)
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Table IVa. Density measurements — East coast Graham Land.

pmean (Mg mﬁs)

No. of Pmax Pmin )
Stratigraphic Unit Rock Types Specimens Mg m™%) (Mg m™3) +standard deviation
Antarctic Peninsula Crystal Tuff 5 272 2.62 2.67+0.04
Volcanic Group Rhyolite 2 2.64 2.56 2.60+0.06
MEAN 7 2.72 2.56 2.65+6.05
Volcanic rocks (age uncertain) Tuff 14 272 2.58 2.64+0.04
Agglomerate 2 2.64 2.56 2.60+0.06
Others 8 2.80 2.56 2.64+0.08
MEAN 24 2.80 2.56 2.6340.06
Jurassic terrestrial sediments Shale 2 - - 279
Undifferentiated metasedimentary and Regionally metamorphosed 9 2.87 2.64 2.73+0.08
metavolcanic rocks sandstones and siltstones
Jurassic metamorphic rocks Metamorphosed sediments 20 298 2.59 2.7940.10
Quartzites 5 2.5 2.58 2.6340.07
MEAN 25 298 2.58 2.76 +0.11
Metamorphic rocks Gneiss 47 2.85 2.60 2.70+0.06
(age uncertain) Metagabbro 2 2.87 2.74 2.8314+0.09
Amphibolite 7 3.02 2.87 2.9440.05
Others 8 298 2.65 2.804+0.13
MEAN 64 3.02 2.60 2.74+0.11
Trinity Peninsula Group Greywacke 5 - - 2.74+0.02
Plutonic intrusions Granite 30 273 2.55 2.6240.04
Granodiorite 9 2.86 2,62 2.6940.08
Diorite 7 2.719 2.66 2.71+0.06
Gabbro 7 2.86 2.78 2.834+0.03
Others 18 274 2.55 2.65+0.05
MEAN 71 2.86 2.55 2.67+0.08
ALL ROCKS 207 3.02 2.55 2.704+0.10
Table IVb. Density measurements — Palmer Land.
No. of Pmax Pmin Pmean (Mg m™3)
Stratigraphic Unit Rock Types Specimens (Mg m™3) (Mg m™3) + standard deviation
Upper Cretaceous to Lower Cretaceous  Sediments 5 2.67 2.61 2.64+0.03
marine sediments
Jurassic-Cretaceous marine sediments Sediments 2 2.74 272 2.734+0.01
Latady Formation Sediments 7 2.76 2.58 2.69+0.06
Antarctic Peninsula Tuff 19 2.80 2.58 2.69+0.06
Volcanic Group Lava 36 3.04 2.63 2.7740.10
Agglomerate 11 2.80 2.61 2.69+0.06
MEAN 66 3.04 2.58 2.7340.09
Trinity Peninsula Group Sediments 13 3.00 2.64 2.73+0.09
Metamorphic rocks Gneiss 55 3.01 2.58 2.69 +0.08
(age uncertain) Schist 23 3.06 2.44 2.734+0.13
Others 22 3.08 241 2.804+0.17
MEAN 100 3.08 241 2.72+0.13
Plutonic intrusions Granite 40 2.80 2.49 2.62+0.06
Granodiorite 41 292 2.52 2.67 +0.08
Quartz diorite 14 2.82 2.61 2.75+0.07
Diorite 17 2.95 2.65 2.80+0.10
Gabbro 21 2.98 2.73 2.85+0.08
MEAN 133 2.98 2.49 2.7140.11
ALL ROCKS 326 3.08 241 2.72+0.11

This table incorporates data from Butler and McArthur (1983)
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Table IVc. Density measurements — Alexander Island.

No. of Pmax Pmin Pmean (Mg m™3)
Stratigraphic Unit Rock Types Specimens (Mgm™3) (Mg m~3)  +standard deviation
Late Cenozoic volcanic rocks Basalt 5 2.95 271 2.84+0.08
Tertiary volcanic rocks Lava 9 3.1 2.55 276 £0.15
Tuff 21 2.80 253 2.674+0.07
Agglomerate 4 2.71 2.64 2.67+0.03
MEAN 34 311 2.53 2.69+0.10
Fossil Bluff Formation Mudstone 11 2.81 261 2.68 +£0.05
Siltstone 9 2.84 2.64 2.70+0.07
Sandstone 12 2.69 247 2.60+0.07
Grit 3 2.69 2.65 2.69+0.02
Breccia 1 2.69
MEAN 36 2.84 2.47 2.66 +0.07
LeMay Formation Lava 9 296 2.67 2.81+0.11
Tuff 13 301 2.49 2.74+0.18
Semi-schist 3 2.76 2,70 2.734+0.03
Sediments 55 3.01 2.52 2.74+0.10
MEAN 80 3.01 249 2.74+0.11
Plutonic intrusions Granite 21 2.76 247 2.63+0.07
Granodiorite 18 3.03 2.46 2.70+0.10
Quartz diorite 8 2.86 2.68 2.72+0.06
Diorite 22 296 2.58 2.75+0.10
Gabbro 12 3.01 2.70 2.78 +0.08
MEAN 81 3.03 2.46 2.71+0.10
ALL ROCKS 236 .1 2.46 2.71+0.11

4. Density determinations

Rock samples collected over a number of years have been
used to make representative density measurements. The results
are classified within broad geological and geographical
provinces and are summarized in Table IV. In all, 769 samples
were analysed, giving a mean density for surface rocks of
2.714+0.11 Mgm ™3, However, it was decided to use the
accepted mean crustal density of 2.67 Mg m ™3 in the Bouguer
correction and where required, density values of 0.9 Mgm >
and 1.03Mgm ™2 for ice and sea-water respectively.

5. Sources of error

Antarctic gravity surveys are liable to errors (Table V), the
magnitude of which would be considered unacceptable in
conventional surveys. A unique combination of climatic,
topographic and logistic difficulties have up to now restricted
the accuracy of gravity investigations to a reconnaissance level.

Errors arising from gravity meter drift have been minimized
by isolating the static from the travelling component.
Measurements indicate that the overland travelling drift rate
seldom exceeds +0.5guh™! but to compensate, station
networks have usually been extended in a series of closed loops
with closure errors being linearly distributed. Loops of short
duration, though ideal, are not always practical and closures
spread over ten days or more were not uncommon. On a few
occasions, closures were not practicable. Kennett (1966a)
estimates a cumulative drift error of +50gu at Churchill
Peninsula (lat. 66°21.0'S, long. 62°54.8' W) after a 30-day
traverse from Stonington Island and Burns (1974) records a
maximum error of +20gu for an open-ended traverse in
northern Alexander Island. The introduction of snowmobiles
allowed relatively large loops to be closed within 24 hours.

Position errors have varied considerably depending upon the
accuracy of topographic maps. On the west coast of Graham

Land, Griffiths and others (1964) used 1:500000 scale
Admiralty charts but estimated that some stations might still be
in error by 1.6 km. Renner (1980) calculated a similar error for
stations on the Larsen Ice Shelf positioned by sledge wheel and
compass techniques. In areas where detailed topographic
survey preceded geophysical traverses, accuracy is considerably
improved. Smith (1973b) estimated positions accurate to
+100m in northern Marguerite Bay and +1m for a local
survey (Smith, 1973a) on Horseshoe Island. This contrasts with
remote arcas of ‘Alexander Island where Burns (1974) reported
that some mountain groups were misplaced by 32 km. At the
time there was insufficient ground control to complement the
available aerial photographs. Topographic mapping of the
Antarctic Peninsula has now progressed with the publication of
some sheets of the BAS 250, BAS 250P and BAS 500G map
series. These have been compiled from a combination of aerial
photography and satellite imagery together with a controlling
trigonometric and trilateration network in turn strengthened
by Doppler satellite positioning. All the on-rock gravity
stations have been plotted onto the new map series and,
provided that the original gravity localities are correctly
identified, latitude errors should be less than +10gu.

By far the largest errors arising are due to the imprecise
determination of surface elevation. Early surveys generated the
greatest errors: Kennett (1966a) estimated that heights might be
in error by +20m on the Larsen Ice Shelf and +30m on a
traverse across the Graham Land plateau. Most surface
elevations from post-1972 gravity surveys are probably
accurate to 5m and all are within 10 m, the improvement being
due to the extension of topographic mapping and the
deployment of field barographs.

Terrain corrections have been applied where possible.
Kennett (1966a) computed terrain corrections using a Hammer
chart and obtained values between 6 gu and 56 gu. Griffiths and
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Table V. Estimated errors in BAS gravity surveys, giving the errors contributing to the overall standard error for the Bouguer anomaly. The table is
based upon previous error estimates and attempts to give a representative value for the areas concerned. The figures quoted for the absolute Bouguer
anomaly are thought in several instances to be higher (by up to a factor of 3) than the relative Bouguer anomaly values between adjacent stations.

South Shetlands

East Coast of

Alexander Island

and West Coast of Graham Land and Palmer George VI
Graham Land!*3 Larsen Ice Shelf** Land®"’ Sound® Northern® Central®®
Source of error (gu) (gu) (gu) (gu) (gu) (guw)
Standard error of the +14 +14 +14 +14 +14 +14
absolute gravity values
of the base stations
Elevation correction +8(+4 m) +40(+20 m) +20(+ 10 m) +16(£8 m) +16(+8 m) +24(412 m)
assuming a density of
2.67Mgm™3 and an
elevation error as shown in
metres
Instrument drift and +15 +20 +20 +2 +20 +10
calibration factor
Latitude correction +10 +10 +10 +10 +10 +10
Terrain correction 0to —40 0to —56 0to —60 0to —30 0to —60 0to —50
Overall standard error for +25to —65 +45 to —105 +35to —-95 +25to —55 +30to —-90 +30to —80

the absolute Bouguer
anomaly

Griffiths and others, 1964.
Smith, 1973b.

Butler, 1983.

Kennett, 1966a.

Renner, 1980.

Burns, 1974.

R Y N

Butler, 1975.

others (1964) estimated terrain corrections as high as 60 gu but
the majority were less than 30gu. Where terrain corrections
have been calculated they have not included the contribution
from the unknown local sub-ice topography. The authors
estimate that this might introduce a further error of up to 30 gu.

Accurate corrections for sub-ice topography: are limited by
the unknown bedrock relief. Airborne radio-echo sounding of
ice thicknesses over the Antarctic Peninsula (Smith, 1972) has
shown that the bedrock surface can be extremely irregular with
ice thickness values of over 1300 m being recorded. An error of
100 m in estimating the depth of an ice-rock interface introduces
a gravity difference of +74gu; for this reason, anomalies
derived from snow stations can only be considered geologically
significant if measured ice depths coincide with gravity points.

A further source of errors arises from the density used in the
Bouguer corrections: the generally accepted figure of
2.67Mgm~3 for mean surface crustal density was used
throughout, although the average density of surface rocks on
the Antarctic Peninsula calculated from the values in Table IV
is 2.71 Mgm ~3. This could lead to maximum errors of +25 gu.

The standard error in the absolute value of gravity is
estimated at + 14 gu (Griffiths and others, 1964); this is unlikely
to be improved until definitive direct gravity air links are
established between the Antarctic Peninsula and South
America. The maximum overall standard error in the Bouguer
anomaly lies between +45 gu and —105 gu (Table V), although
relative errors in a given area are expected to be considerably
less.

6. Anomaly computation and station list
While the regional gravity station coverage of the Antarctic
Peninsula is still considered incomplete, a representative

A. A.J. Almond and P. F. Butler (British Antarctic Survey, personal communication)

number of rock sites have been visited. Various datum levels
have been used in the past and, for this reason, it was necessary
to update all BAS gravity data (1959-1984) using the latest
topographic maps, and to incorporate additional gravity
control resulting from improved logistic field support. Hence,
the values of absolute gravity calculated from successive
reoccupations have been adjusted and weighted according to
the method of occupation. For example, air links are given
more weight than values obtained during oversnow traverses.
In all earlier BAS gravity publications the 1930 international
gravity formula was used for latitude corrections. This is now
superseded and the 1967 intetnational gravity formula (Jeffreys,
1976) has been incorporated to calculate theoretical gravity at
revised station latitudes. (The difference between theoretical
gravities calculated by the different methods varies from 70 gu
at 60°S to 45gu at 75°8S.)

The revised absolute gravity, Bouguer and free-air anomalies
for the 1450 rock stations occupied between 1959 and 1984 are
given in Appendix 1. The 50 on-snow stations that have ice and
bedrock control] are given in Appendix 2 while an additional
605 stations occupied on snow of unknown depth to bedrock,
together with their free-air anomaly values, are listed in
Appendix 3. '

B. THE REGIONAL BOUGUER ANOMALY MAP

The network of on-rock gravity stations is governed mainly
by the severe terrain and this is reflected in the irregularity of the
station distribution (Bouguer anomaly map—back pocket).
Rugged terrain on the east coast of Graham Land between
latitudes 64° S and 69° S has resulted in a wider spacing of rock
stations. The authors recognize that most of the Bouguer
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anomalies tabulated for the snow stations are approximate
because prior to 1982 no direct control measurements of ice
thicknesses or water depths were taken. The exceptions are the
two gravity traverses across George VI Sound taken in. 1983-84
when ice thickness and seismic depth-to-bedrock were
measured at each of the 50 gravity localities. Until data are
available to quantify the stations without ice thickness control,
only those values with some degree of known physiographic
status have been considered in the contouring of the Bouguer
anomalies. Such stations include those close to rock, those in
the vicinity of BAS airborne radio-echo ice thickness profiles
and some on the Larsen Ice Shelf, where a Bouguer correction
has been incorporated based upon a continental shelf depth of
500m (Rennet, 1980). In all cases the anomalies complement
existing, though scattered, on-rock values and help verify major
gravity trends. Also incorporated are marine gravity
measurements from Bransfield Strait and Bellingshausen Sea
obtained by the Department of Geological Sciences, University
of Birmingham as part of their comprehensive marine
geophysical investigations of the region (Davey and Renner,
1969).

Although large-scale extrapolation of isogals across data-free
areas has been avoided, several major anomalous features are
still apparent (Bouguer anomaly map—back pocket).

1. Antarctic Peninsula axial negative anomaly

The dominant anomalies are linear gravity minima
associated with the longitudinal axis of the Antarctic Peninsula.
Although the negative anomaly is detectable over northern
Graham Land, it is most marked over southern Graham Land
and Palmer Land. Over the Palmer Land plateau, the anomaly
axis trends parallel to the north-south geographic axis, but is
offset to the east. It sinks to a minimum of —1000gu and
exhibits a half wavelength up to 200 km. The anomaly profile is
asymmetrical. The eastern limb is the steeper and more regular.
The western wing is distorted by higher frequency components.
To the east, the zero contour almosticoincides with the coastline
whereas, on the west, it is located up to 20km inland. In
Graham Land both the wavelength and amplitude of the
anomaly are smaller, the transition occurring relatively
abruptly at the geographic boundary between Palmer Land and
Graham Land.

2. West coast positive anomaly

Butler and McArthur (1983) commented on a positive, linear
Bouguer anomaly superimposed upon the western limb of the
Paimer Land axial negative anomaly. This linear anomaly,
which reaches a' maximum amplitude of 450 gu, may be traced
northwards from the Batterbee Mountains for 100km before
abutting against the eastern edge of George VI Sound. There is
insufficient bathymetric control for gravity measurements
taken on George VI Ice Shelf to resolve the question of any
possible offshore extension.

Gravity measurements taken in the Adelaide Island area
indicate a linear north—south positive anomaly of 200gu
reaching a peak of 400 gu between the island and the mainland.
A similar gravity -anomaly may be identified to the north
extending to Anvers Island, but here the pattern is a complex
one modified by the regional axial negative anomaly and those
possibly associated with the island archipelago. A positive
gravity feature also lies over the continental shelf along the

southern margin of Bransfield Strait. Whether these positive
anomalies have a common origin is debatable but all appear to
be associated with known basic intrusive rocks (e.g. Bell, 1984).,
A more comprehensive network of land and marine
measurements is required to- determine any geological
association with the west coast magnetic anomaly.

3. Alexander Island

The most striking of the gravity anomalies is a north—south
positive anomaly of 400 gu, located in central Alexander Island,
which has been attributed to block faulting (Butler, 1975). By
contrast, centred over the north of Alexander Island is a
Bouguer anomaly minimum of —300gu that has been
interpreted as a result of crustal thickening (Burns, 1974). The
isolated but indistinct low gravity field over Beethoven
Peninsula may correlate with outcropping Cenozoic volcanic
rocks.

4. Bransfield Strait

A north-east—south-west positive linear anomaly is located
offshore, parallel to the South Shetland Islands. The maximum
amplitude is 1500gu and it is believed to reflect underlying
semi-oceanic crust (Davey, 1972). Marine seismic refraction
profiles (Ashcroft, 1972), marine magnetic (Roach, 1978) and
aeromagnetic surveys provide corroborating evidence.

C. INTERPRETATION OF THE GRAVITY ANOMALIES

1. Quantitative interpretation of the Antarctic Peninsula axial
negative Bouguer anomaly

Four profiles (Figs. 3 and 4) perpendicular to the strike of the
anomaly were selected for interpretation. The higher frequency
components superimposed upon the main axial anomaly trend
have been disregarded in this analysis.

All the profiles were interpreted using a two-dimensional
gravity interpretation program (Lee, 1979) based upon the
iterative method of Bott (1960) in which a surface is computed
that gives best fit to a given gravity anomaly assuming a single
density contrast. Initially, a contrast of 0.6 Mg m ~ 3 was selected
derived from an estimated crustal density of 2.8 Mgm™?
and a mantle density of 3.4Mgm™3 A minimum crustal
thickness was also introduced based on a value of 25km
proposed as a result of garnet studies by Hamer and Moyes
(1982). A series of models were derived by varying the density
contrast and crustal thickness. While the depth of the crust-
mantle interface was varied by a few kilometres, the relative
detail within any of the sections remained constant. Therefore,
although the absolute value of crustal thickness may be
uncertain, we believe that the overall pattern of structure is
correct, with the values illustrated being for a minimum
regional crustal thickness.

The northernmost profile, A; A (Fig. 4a), indicates a crustal
thickness in excess of 30 km beneath the axis of Graham Land.
This represents at least a Skm increase over the minimum
‘background’. The profile asymmetry is interpreted as the crust
being thicker beneath the west coast than beneath the east,
although some caution is necessary with the east coast
interpretation since ice-shelf stations have been included in the
profile construction. However, an on-rock value from Larsen
Nunatak at the eastern end of profile A A’ reduces the likely
error in this profile. A similar observation can be applied to the
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Fig. 3. Location of interpreted profiles A, A}, B, B}, C,C}, D,D].

eastern end of profile B,B} (Fig.4b), which terminates in
Mobiloil Inlet. Here the profile is partially dependent on ice
shelf measurements but its outline would be similar to that of
profile A A/ if the nearest on-rock station value (from Three
Slice Nunatak) were incorporated. Interpretation of profile
B, B indicates a marked asymmetry, with the axis of maximum
crustal thickening offset to the east of the geographic median
line. Similarly, crustal thickness increases of 10km: beneath
Palmer Land and Alexander Island are implied by profile C,C}
(Fig. 4c). An area of thinner crust beneath George VI Sound is
suggested, which may be associated with major normal faults
(Edwards, 1979) and rifted origin (McKenzie, 1978). Profile
D, D] (Fig. 4d) also shows the crustal thickening observed over
the peninsula but under George VI Sound and Alexander
Island it suggests a more uniform basement relief than that

indicated by profile C,C). The residual positive gravity
anomaly superimposed upon profile D, D} (Fig. 4d) is also
reflected- in the complementary aeromagnetic: profile D,D)
(Fig. 9d, page 17). 1t is located along western Palmer Land and
is considered to be associated with the more extensive west
coast gravity and magnetic anomaly.

2. Qualitative interpretation of free-air anomalies

Careful consideration must be given to all station values used
in the compilation of the free-air anomaly map before any
quantitative analysis is undertaken. For instance, an extreme
bedrock morphologybeneath the plateau ice could result in the
free-air anomaly at a nunatak being 700 gu higher than at a
nearby snow station located over a column of ice 1000 m thick.
Conversely, free-air anomalies adjacent to deep-water channels
fringing the mainland could be artificially lower than the
regional mean. Stations giving truly representative free-air
anomalies include those at sea level in areas of moderate
topography, and those derived on floating ice shelves above a
relatively smooth continental shelf.

Given sampling inconsistencies of several hundred gravity
units, the free-air anomaly map (Fig. 5) has been contoured at
500gu intervals. It displays some trends that are largely
controlled by regional topography and do not in themselves
suggest significant isostatic imbalance. Exemplifying this is the
large positive anomaly of up to 1700 gu over the Palmer Land
plateau, with similar positive values associated with Alexander
Island, Graham Land and the western archipelago. Coastal
stations may show negative free-air anomalies due to local
overdeepening of the continental shelf (Renner, 1980).

The approach of the continental slope and associated crustal
thinning may be responsible for positive anomalies at sea-level
stations over the western archipelago, whilst large positive
anomalies over and adjacent to Bransfield Strait are coincident
with a thin crust and an area of incomplete isostatic equilibrium
(Davey, 1972). Studies of satellite derived gravity fields
(Gaposhkin, 1974) show an anomaly of 300 gu centred over this
marginal basin. The presence of this long-wavelength feature
will obviously contribute to the regional field as deduced from
land-based measurements; this may partially account for the
regional gravity increase observed from Palmer Land
northward to Bransfield Strait. Similar features are observed
over other active spreading centres and subduction zones
(Kuala, 1972) and so the anomalies may reflect mantle processes
as well as crustal structure. Bouguer anomalies suggest a crustal
thickening beneath the peninsula (Fig. 4) sufficient to cause
complete or partial local compensation for the excess
topographic mass. However, given the narrow width of -the
Antarctic Peninsula (100400 km), a full assessment of the state
of regional isostatic balance must await a further data input
from the Weddell Sea and Bellingshausen Sea.

IV. THE AEROMAGNETIC SURVEY

Surface traverses involving total-field magnetic measure-
ments have been completed at both reconnaissance (Renner,
1980) and local (Kennett, 1966b; Butler, 1983) Ievels.
However, as with the gravity surveys, coverage has been
severely restricted due to environmental conditions. The
acquisition in 1973 of an airborne magnetometer system greatly

improved the rate of data accumulation. A British Antarctic
Survey Twin Otter aircraft is used, equipped with a wing-tip
sensor. Six aeromagnetic seasons have now been completed:
1973-74 (Renner, 1976), 1975-76 (Dikstra, 1983; Renner and
others, 1982), 1977-78, 1979-80, 1982-83 and 1983-84.
Reconnaissance profiles totalling 36 000 line kilometres have




RECONNAISSANCE GRAVITY AND AEROMAGNETIC. SURVEYS OF THE ANTARCTIC PENINSULA 13

. ’
c. Section CyC4

500 4

a. Section A1A1' ° T

500 7]
3 0

5 .
o -
0 -500 A

0 4

A

£ Y
v NI
.\
500 A
7 500 -
3 o -
- o—
. s -
o > .
-500 - ° -
-500
0 ]
—
10 -1000 4
£
X

20

30

George VI

ML R, D
iy 2 0
PRAAT SO
AALICNY

NS

DAY
3 V>

R N

d. Section D1D1/

George VI

e observed anomaly — rock station
o observed anomaly - ice station
~- calcuiated anomaly

0 100
| I S |
km

Fig.4. Interpretation of Bouguer anomaly profiles; a. profile A; A’ ; b. profile B IB’ ;. profile C, C}; d. profile D, D (Refer to Fig. 3 for profile locations.)

been recovered from over the Antarctic Peninsula (Fig. 6),
supplemented by an additional 4000 line kilometres of more
detailed investigations into specific geological problems
(Herrod and Renner, 1983; Crawford and others, in press).

A. SURVEY PROCEDURE AND DATA PROCESSING

1. Equipment
The original airborne system included a Geometrics model
G-803 total-field magnetometer, a Geometrics model G-704

digital data acquisition unit and a Mars analogue recorder.
Subsequent in-house redesign and modifications have included
a digital recording system that uses a Motorola 6809
microprocessor (Fig. 7). This data logger unit, which was first
used to advantage in the 1982-83 season, also has the flexibility
to replay tapes in the field thus enabling data quality to be
monitored.

Compensation of the undesirable magnetic influence of the
aircraft was initially achieved by the trial-and-error placement
of three permanent magnets along mutually perpendicular



14 BRITISH ANTARCTIC SURVEY SCIENTIFIC REPORTS: No. 110

1 T T T T

=
L 64°W S
" . ac ﬂ@b 4
Station index \o® ERN
\
Area 1. on rock measurements ot\ 2%
I s® ~
Area 2. on rock at sea level o"“\ < o
Area 3. on rock, snow and shelif ice a

‘., 64°

Marguerite Weddell Sea
| 68°s 68°S
L O . ] free —air anomaly ™
", contours

& Contour interval

3 < 500 gu 4
J 200

/ 1 1

[ 72° km y

Fig. 5. Free-air anomaly map over the Antarctic Peninsula.

directions in the vicinity of the sensor unit. Patient ground
manoeuvering of the aircraft followed by ‘clover-leaf’ flight
trials succeeded in reducing heading errors to acceptable levels.
An additional refinement was introduced later. This involved
balancing currents along three mutually perpendicular coils
wound around the sensor. A series of ‘clover-leaves’ determined
the residual heading errors, which are systematically
compensated in-flight. It has been policy to repeat this
procedure at the beginning, midpoint and end of acromagnetic
operations in order to monitor any changes in'the aircraft’s
magnetic influence. Heading errors each way along
north—south and east—west lines were reduced to less than five
nanoteslas but differences approaching ten nanoteslas
remained between the cardinal directions.

Flight line positioning has improved with successive seasons,
primarily due to the installation of sophisticated navigation
hardware and the availability of more accurate topographic
maps. During the earlier flights, navigation relied upon visual
techniques including vertical fixes and position lines. These
were supplemented when necessary with a line-ahead
photographic record recovered from a Shackman 35-mm auto-
camera. Since 1975 self-contained navigation systems have been
utilized and from 1982-83 a Decca Series 70 Doppler unit and
Tactical Air Navigation System (TANS) computer have been
used in combination to provide ground velocities and en-route
latitudes and longitudes. A RCA Primus 500 colour radar
system completes the navigation package. The navigation
parameters are recorded through the data logger onto magnetic

cartridge tape together with the corresponding total-field
magnetic measurement. Over the mainland, flight lines are now
considered to be accurate to within one kilometre but the
greatest improvement has been offshore and over the featureless
plateau and ice shelves, where electronic methods have
provided positions to within one per cent of distance along
track. This compares with an estimated 10% error in the use of
visual techniques, which often relied on distant hard fixes.
During the survey of Bransfield Strait in 1982-83, the
Very high frequency Omnidirectional Range (VOR) and
Distance Measuring Equipment (DME) beacons operated by
Chile on King George Island provided additional line control.

2. Field operations

Field operations commenced in 1973 at the BAS station on
Adelaide Island (lat. 67° 46’ S, long. 68° 55’ W). After the closure
of this station in 1976, flight operations were transferred to the
new station Rothera (lat. 67°34'S, long. 68° 08 W) on the east
coast of Adelaide Island. Additional facilities were also available
at Fossil Bluff station (lat. 71°20’S, long. 68° 17’ W). From these
three localities (Fig. 1) much -of the Antarctic Peninsula
aeromagnetic flight network (Fig. 6) was completed. However,
mainland areas to the north and south, and the seaward edges of
the continental shelves were beyond the survey capability of the
aircraft. (The Twin Otter aircraft in Antarctic service has a
maximum range of 1500 km). Fortunately, additional fuelling
facilities and hospitality have been generously provided by
Chile at Teniente Rodolfo Marsh (lat. 62° 12’ S, long. 58° 54' W),
by Argentina at Vicecomodoro Marambio (lat. 64° 14'S, long.
56° 37 W), the USA at the temporary field camp (lat. 75°17’'S,
long. 69° 55 W) in the Sweeney Mountains, and the USSR at
Druzhnaya (lat. 77°31’S, long. 40°11’ W). This has made it
possible for most of the mainland areas to be overflown,
although much of the continental shelf, particularly on the east
coast, is still too distant for systematic flight networks.,

The severe topography of the region precludes contour flying
so constant barometric altitudes are maintained instead. On the
majority of regional flights, an aititude of 2500 m above sea
level was chosen but occasional deviations from this have been
dictated for safety reasons. Three of the offshore flights off the
northern end of Graham Land were flown at lower altitudes. A
flight line separation of 15-20km was advised, but this also was
periodically revised to accommodate aircraft range, fuel
availability and distance from emergency landing sites.
Predictably, the weather frequently shortened sorties, especially
over northern Graham Land, where flying conditions can
deteriorate with alarming rapidity.

Throughout the acromagnetic surveys, diurnal variation was
monitored at the BAS geomagnetic observatories at Faraday
(lat. 65°15'S, long. 64° 16’ W) and Halley (lat. 75°31’S, long.
26°42'W). Since 1979, a Geometrics G-826A portable base
station magnetometer has been used in the immediate survey
area to strengthen diurnal control. On only one occasion has
magnetic storm activity grounded aeromagnetic operations.

3. Data processing

Data were sampled at one-second intervals, which, at a
ground speed of 120 knots, equates to a field reading every 62 m.
With over 959, successful recovery in digital format, few
analogue profiles required digitization to complete the data set.
Subsequent computer processing of the raw profile daia to
obtain residual magnetic anomalies involved several elements:
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wm

Fig. 7. Acromagnetic recording equipment installed in BAS Twin Ouier
aircraft 198354,

a. Filtering. High frequency noise and spikes due to
interference from the aircraflt avionics were removed by the
application of a low-pass digital filter. A best fit cubic spline
was calculated for suecessive groups of five data points, and
erroncous values adjusted or rejected depending on their
relation to the curve. The minimum full period of anomalics
remaining after application of the filter was 40s in time,
which effectively removed short-wavelength anomalies due
to local near-surface sources,

b, Removal of divenal  variotions.  Diurnal  variation
corrections were applied where necessary using the values
gither from the BAS peomagnetic observatorics or from the
portable base station magnetometer, Typical diurnal
profiles had maximum amplitudes approaching 30nT.

c. Removal af the International Geomagnetic Reference Field
(HGRE) The 1980 IGRF (Barraclough, 1981) was used to
calculate the global component of the carth’s magnetic field
by applying the coefficients for the appropriate epoch to the
latitude and longitude of cach data point (Malin and
Barraclough, 1981). The mean magnetic residual for the
whole dataset is —43nT, suggesting that the model is
representative of the regional field over the Antarctic
Peninsula. At latitude 66° 5, longitude 64° W a datum value
of 41 887 nT was calculated for epoch 1984.0 with a regional
increase of 6.95nT per km southward and 4.1 nT per km
westward,

In order to transcribe the resulting residual asromagnetic
profiles into a computed contour map, residual magnetic values
were selected at 10 second time intervals and used to produce a
pseudo-magnetic grid. For this, a square grid of points 3 km
apart was superimposed on the area and the space around each
point divided into octants, Each octant was searched for the
closest approach of a flight line to the grid point, up to a

maximum search radius of 300 km. The magnetic field for cach
point was then assigned a wvalue derived from the weighted
average of the values taken from the octants surrounding the
point, the weighting being inversely proportional to the
distance of the Might line from the point in question. The values
on the pseudo-magnetic grid were smoothed by several passes
ol a normalized convolution matrix, the minimum wavelength
of features remaining after this filtering being of the order of
7 km. The gridded set of smoothed values was then contoured at
a 25-nT interval on a 1500000 scale for direct comparison with
the geological maps Series BAS 500G, and at a 50-nT interval
on a 1:13500000 scale (Aeromagnetic anomaly map—back
pocket).

Comparison of representative (Fig, 8) observed profiles with
equivalent sections constructed from the acromagnetic contour
map indicates an cncouraging correlation of long-wavelength
features (Fig. 9).

B. THE REGIONAL AEROMAGNETIC ANOMALY Map

Aninspection of the 1:1 500000 contour map (Acromagnetic
anomaly map—back pocket) identifies several areas of
contrasting magnetic character, Some of these relate to known
tectonic and  geological provinces whilst others suggest
concealed and, as yet, unresolved structures.
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Fig. 10. Individual flight profiles illustrating the west coast anomaly.
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1. West coast anomaly

The most notable magnetic feature consists of a belt of linear
anomalies (Fig. 10) with moderate wavelength (20km) and
amplitudes of 200-600nT, which is superimposed upon an
extensive, positive magnetic ‘spine’ 80-120km wide. This has
previously been identified (Renner and others, 1982) but data
acquired subsequently suggests that a directional change of
magnetic strike divides the anomaly into complementary
halves.

Over western Palmer Land the anomaly trends north—south
and can be traced for at least 500 km. Its western boundary is
strongly correlated with the eastern shores of George VI Sound
(Fig. 11). One of the smaller anomalies (Fig. 9d) in the Batterbee
Mountains is coincident with an observed gravity high
(Fig. 4d). North of mainland Palmer Land, the anomaly crosses
the coast and embraces Wordie Ice Shelf, continuing north in
association with Marguerite Bay and the west coast island
archipelago. Approaching latitude 67° S, the anomaly broadens

eastwards but then its strong southern expression wanes to the
north of Adelaide Island. However, it is still present and may be
followed for a further 800 km parallel to Graham Land before it
is lost because of a diminution of amplitudes and paucity of
flight profiles. Despite the changing style and position relative
to the mainland (Figs. 10, 12) there is'an apparent continuity of
the west coast anomaly, which suggests a common origin for its
source.

Marine magnetic profiles recovered from the Scotia arc
indicate that a magnetic signature similar to that observed
along the west coast is found on the continental areas of the
south Scotia Ridge (Watters, 1971) and South Georgia
(Simpson and Griffiths, 1982). To the south of latitude 72°S,
the systematic acromagnetic flight cover ceases. Consequently,
the west coast anomaly is unmapped there. However, evidence
from a single unpublished flight line across southern Palmer
Land suggests that, south of the Batterbee Mountains, the
anomaly may deviate inland and veer towards the east coast.
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Fig. 11. Observed acromagnetic profiles across George VI Sound.

2. Graham Land

North of latitude 67°S the Graham Land plateau is
associated with a negative anomaly of 200nT amplitude and
wavelength approaching 60km. Superposed on this and
particularly along the eastern limits are local magnetic
anomalies with amplitudes of several hundred nanoteslas.

3. James Ross Island and Larsen Ice Shelf

An extensive area of low magnetic gradient is coincident with
James Ross Island and much of the Larsen Ice Shelf. Long
wavelength, low amplitude (100nT) anomalies typify the
pattern whose subdued character is detectable to the eastern
limit of the flight network. The magnetic calm is broken only by
occasional ‘high-amplitude, short-wavelength anomalies,
believed to be associated with volcanic rocks that crop out on
James Ross Island.

The processing of data from the regional flight network has
filtered out the short-wavelength, high-amplitude anomalies
known from oversnow traverses to be associated with the
olivine basalts at Seal Nunataks (Renner, 1980). However, the

observed acromagnetic profiles flown at 2500m reveal

anomalies of 100-nT amplitude coincident with the outcrops. A
more detailed aeromagnetic flight network, which was
commenced over Seal Nunataks in 1979-80 at altitudes down
to 500m, recorded anomalies of 550nT amplitude and 7-km
wavelength. These correspond to anomalies of 6000 nT-
amplitude and 3-km wavelength measured during the surface
traverses.

4. Alexander Island and George VI Sound

Magnetically placid conditions exist over Alexander Island
but this situation is modified over central and northern George
VI Sound by a major, linear negative magnetic feature. It
registers for 350km north from latitude 71°S, has a width of
50 km and reaches a minimum of —400 nT. To the east it abuts
(Fig. 11) against the magnetically contrasting Palmer Land
while to the west it is constrained by a line coincident with the
mountainous eastern scarp of the LeMay Range and Douglas
Range. Two relatively large positive anomalies are associated
with Charcot Island and the Ronne Entrance with amplitudes
reaching 450 nT and wavelengths approaching 50 km.

5. Palmer Land—Black Coast

Along the Black Coast of south-east Palmer Land lies a
north-south-aligned cluster of intense positive magnetic
anomalies with peak-to-peak amplitudes on profiles reaching
2000nT and wavelengths averaging 20km. Two large
anomalies picked up during the US Naval Oceanographic
Office Project Magnet flights and tentatively positioned to
Matheson Glacier and Odom Inlet (Renner, 1980) may
correlate with members of this group.

6. Bransfield Strait

The southern portion of Bransfield Strait is bordered by
the Antarctic Peninsula west coast anomaly. A zone of negative
anomalies is sandwiched between this and the South Shetland
Islands (Aeromagnetic anomaly map—back pocket); Roach
(1978) interpreted this magnetic grain as due to strips of semi-
oceanic crust with reversed magnetic polarity. Within and
stretching north-east from the volcanically active Deception
Island there is a series of positive anomalies corresponding to
submarine seamounts that are considered to represent centres
of volcanicity. The western limit of the aeromagnetic survey
coincides with the onset of a major positive anomaly identified
and interpreted from marine geophysical surveys (Griffiths
and others, 1964).

C. QUALITATIVE DISCUSSION OF THE MAJOR MAGNETIC
PROVINCES

Inspection of the Antarctic Peninsula reconnaissance
Aeromagnetic anomaly map (back pocket) discloses magnetic
trends that may influence our understanding of the regional
tectonics. One important trend concerns the contour inflection
between Palmer Land and Graham Land. The geographical
division between the two is defined by a line from Cape Jeremy
to Cape Agassiz, which coincides with an obvious
topographical discontinuity. Geological evidence for a
structural change is found on the east coast around latitude
69°S, where major block faults (Fraser and Grimley, 1972)
strike parallel to the regional geophysical contours. In contrast,
the west coast magnetic anomaly remains uniform as far as lat.
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68°S. At this latitude the north-south orientation changes to a
north-east—south-west trend, with associated regional faulting
mirroring the change. The most significant break in the
anomaly pattern occurs at lat. 66°S where the west coast
magnetic anomaly apparently becomes narrower. Oblique
isometric views of the contoured pseudo-magnetic grid (Fig. 12)
illustrate the different style of the west coast anomaly on either
side of these disconformities. Adjacent to Graham Land it is less

than 70 km in width; Fig. 10, profiles 8-12) and is flanked to the
east by the magnetic low over Graham Land and flat magnetic
signature of the Larsen Ice Shelf. In contrast, over Palmer Land
the west coast anomaly exceeds 100km in width (Fig. 10,
profiles 2-5), and is flanked to the west by the abrupt margin of
George VI Sound and to the east by the chain of anomalies over
the Black Coast.

The west coast magnetic anomaly shows no obvious
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correlation with the geology of outcrops, which consist of a
large number of Mesozoic plutons of diverse composition
emplaced in metamorphic rocks and members of the Antarctic
Peninsula Volcanic Group. Preliminary estimates of the depth
to the top of the source bodies in Palmer Land, by means of
curve-measuring techniques (Am, 1972), give values of 2-5km
below sea-level, whilst the wavelength of the whole suggests a
parent body extending to considerable depth. Renner and
others (1982) suggested that the west coast anomaly represents a
linear composite intrusion of basic or intermediate-to-basic
composition. Should this be so, it may be associated with pre-
Mesozoic, subduction-related, magmatic activity (Smellie,
1981) or part of the Mesozoic-Cenozoic magmatic arc (Storey
and Garrett, 1985). To the west of Graham Land, the suite of
intrusions underlying the anomaly show ‘common, mantle-
derived, primary-banded gabbros representing the earliest
members of the sequence of Mesozoic-Cenozoic plutons. These
indicate a deep source magma, which could generate a magnetic
anomaly comparable with that measured. In Palmer Land and
in the area bordering Marguerite Bay geological relationships
are more obscure, although outcropping basic plutons may
reflect a concentration of basic rocks at depth. Perhaps the
strongest correlation with surface geology lies on the eastern
coast of George VI Sound (Rowe, 1973; Skinner, 1973) where
recent field work (S. M. Harrison, personal communication) has
demonstrated several large gabbroic plutons outcropping in
areas where magnetic gradients and amplitudes are greatest. At
three localities, contact relationships suggest that the plutons
are of Mesozoic-Cenozoic age. However, correlation of the west
coast magnetic profiles with those of similar signature around
the Scotia arc could imply that the origin of the anomaly pre-
dates Mesozoic subduction activity.

The quiet magnetic character of the Graham Land plateau
corresponds to outcrops of the sedimentary Trinity Peninsula

Group. Only signatures associated with plutonic bodies of
limited extent interrupt the otherwise minor magnetic
perturbations. Aeromagnetic profiles recovered east of Trinity
Peninsula strengthen the proposal of the existence of a major
Mesozoic sedimentary basin that extended north of Seal
Nunataks (Farquharson, 1982). Observed long-wavelength
aeromagnetic anomalies could be explained by sediments of
10-km thickness. Similar sedimentary thicknesses are indicated
from the magnetic profiles over the Kenyon Peninsula area,
where Jurassic-Cretaceous sediments are known to crop out
and have major fault control (Fraser and Grimley, 1972).

George VI Sound is a spectacular structural feature though
its origin remains enigmatic. Water depths approaching 900 m
have been recorded during the gravity and seismic depth-to-
bedrock soundings and an emphatic geophysical break at the
Palmer Land coast is apparent from the strong magnetic
discontinuity (Fig. 11). The low magnetic gradients observed
over George VI Sound extend into eastern Alexander Island,
where Jurassic and Lower Cretaceous block-faulted fore-arc
basin sediments are exposed. The continuity and grain of the
residual magnetic field over George VI Sound and eastern
Alexander Island upholds the proposal that a graben structure
is responsible for preserving a thick sedimentary sequence.

With the exception of the magnetic anomalies of
an unresolved deep origin associated with Charcot Island and
the Ronne Entrance, the remainder of Alexander Island shows
minimal magnetic excitement with anomalies rarely in excess of
100-nT amplitude or 10-km wavelength. Local areas of slight
enhancement correlate with either the known igneous
intrusions at Staccato Peaks (Crawford and others, in press),
Rouen Mountains, Elgar Uplands and Walton Mountains or
suspected volcanic horizons. Otherwise, the featureless
magnetic signature extends to the west over the adjacent
continental shelf.

V. SUMMARY

The results of 25 years of gravity survey and 10 years of
aeromagnetic investigations over the Antarctic Peninsula are
presented in tabular and graphical form. These data contribute
to the understanding of the geology of the region, even though
some areas are not well covered.

Automated interpretation of the major negative Bouguer
anomaly underlying the longitudinal axis of the Antarctic
Peninsula can be explained by crustal thickening. Thicknesses
approaching 35km can be expected, shelving rapidly towards

the east coast. Less pronounced crustal thickening under -

Alexander Island is also proposed. A thinner crust beneath
northern George VI Sound may be part of a wider tectonic
scheme through which this graben-like structure originated.
The west coast magnetic anomaly, resembling a linear
magnetic massif, dominates the residual field almost
throughout western Palmer Land and offshore to the west of
Graham Land. Its origin is arguable but may relate to
subduction processes. Individual anomalies within the parent
body may be explained by a series of basic or basic-to-
intermediate plutonic bodies, united at depth. Apparent
magnetic disconformities at 68°S and 66°S are also indicated

by the inflection of the coastline, fault lines and Bouguer
anomaly contours.

Palmer Land displays a strong north-south tectonic trend
exemplified by the west coast anomaly, which, on crossing
Marguerite Bay, breaches the western half of Palmer Land
before presenting a formidable magnetic front to the graben
structure of George VI Sound. A linear regional gravity high,
extending north from the Batterbee Mountains, may be
genetically related to the anomaly. '

The Graham Land plateau exhibits a negative anomaly
ruffled only by superimposed local magnetic features. To the
east, gentle magnetic gradients indicate a major sedimentary
basin, which encompasses James Ross Island. In contrast, to the
west, a strong magnetic and gravity regime over the Bransfield
Strait is characteristic of a marginal basin floored by semi-
oceanic crust.

Along the Black Coast, on the south-east coast of Palmer
Land, a cluster of high-amplitude magnetic anomalies are
revealed, which must be generated by near-surface bodies rich
in ferromagnetic minerals.
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APPENDIX 1

Station listing of all Antarctic Peninsula on-rock gravity measurements by BAS (1959-84).




Station Latitude °S Longitude %% Height Absolute Theoretical Free-air Terrain Bouguer Station Latitude °S Longitude %% Height Absolute Theoretical Pree-air Terrain Bouguer

Number Deg Min Deg Min m Gravity Gravity Anomaly Corr. Anomaly Number Deg Min Deg Min m Gravity Gravity Anomaly Corr. Anomaly

gu gu gu gqu gu gu gu gu gu qu

1 54 0.1 37 41.8 0.0 9815321 9814209 1112 1112 51 62 5.1 58 23.6 18.3 9821907 9820771 1192 1172
2 54 0.3 38 3.3 0.0 9815536 9814212 1324 1324 52 62 6.1 57 55.0 0.0 9821876 9820784 1092 1092
3 54 0.4 37 34.2 0.0 9815250 9814214 1036 1036 53 62 6.2 58  20.9 0.0 . 9821921 9820785 1136 1136
4 54 0.8 37 26.9 0.0 9815079 9814220 859 859 54 62 13.6 58 56.4 0.0 9822226 9820878 1348 1348
5 54 1.5 37 57.8 0.0 9815526 9814230 1296 1296 55 62 20.9 59 7.2 0.0 9822317 9820968 1349 1349
6 54 3.0 37 8.4 0.0 9815023 9814251 772 772 56 62 22.8 59  42.0 0.0 9822122 9820992 1130 1130
7 54 8.0 36 41.2 0.0 9815018 9814323 695 695 57 62 26.6 59  43.8 0.0 9822188 9821039 1149 1149
8 54 9.3 36 42.5 0.0 9815012 9814342 670 670 58 62 26.8 59  23.8 0.0 9822331 9821042 1289 1289
9 54 10.4 36 42.6 0.0 9815069 9814357 712 712 59 62 27.7 60 48.6 0.0 9822169 9821053 1116 1116
10 54 17.0 36  29.6 2.7 9815241 9814452 797 794 60 62 32.6 60 1.3 0.0 9822321 9821114 1207 1207
11 54 17.1 36 29.6 0.0 9815213 9814453 760 760 61 62 36.4 59  49.0 4.0 9822450 9821161 1302 1297
12 54 17.8 36 17.2 0.0 9815213 9814463 750 750 62 62 38.2 61 8.7 2.0 9822193 9821183 1016 0 1016
13 54 19.7 36 29.2 0.0 9815231 9814491 740 740 63 62 41.4 60 51.6 0.0 9822493 9821222 1271 1271
14 54 30.3 36 4.4 0.0 - 9815660 9814642 1018 1018 64 62 42.2 60 25.6 0.0 9822263 9821232 1031 1031
15 54 30.7 36 36.5 0.0 9815972 9814648 1324 1324 65 62 56.1 60 35.7 0.0 9822199 9821403 796 796
16 54 36.8 35 56.1 0.0 9815794 9814735 1059 1059 66 62 57.6 60 36.0 0.0 9822275 9821421 854 854
17 54 49.9 36 0.2 0.0 9816571 9814921 1650 1650 67 62 58.5 60 42,1 9.0 9822226 9821432 821 811
18 55 1.9 34  39.8 0.0 9817107 9815092 2015 2015 68 62 58.6 56 28.4 0.0 9822392 9821434 958 958
19 56 16.5 27 32.9 4.0 9818443 9816142 2313 2309 69 62 58.7 60 33.7 0.0 9822223 9821435 788 788
20 56 40,2 28 8.0 0.0 9818366 9816472 1894 1894 70 62 59.8 60 34.9 0.0 9822271 9821448 823 823
21 56 40.5 27 9.4 4.0 9818475 9816476 2011 2007 71 63 0.4 55 50.5 0.0 9822199 9821456 743 743
22 57 4.4 26 42.7 0.0 9818853 9816807 2046 2046 72 63 2.0 56 50.3 0.0 9822312 9821475 837 837
23 57 5.0 26 47.6 4.0 9818951 9816815 2148 2144 73 63 5.6 55 10,2 0.0 9822336 9821519 817 817
24 57 5.4 26 47.0 4.0 9818959 9816820 2151 2146 74 63 7.6 55  31.2 0.0 9822312 9821544 768 768
25 60 36.4 46 1.5 0.0 9821481 9819643 1838 1838 75 63 10.3 56 41.5 0.0 9822414 9821577 837 837
26 60 38.6 45 12.0 0.0 9821403 9819671 1732 1732 76 63 11.8 57 17.6 0.0 9822470 9821595 875 875
27 60 40.5 44  40.7 0.0 9821461 9819696 1765 1765 77 63 17.7 56 29.0 0.0 982240