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INTRODUCTION 

During 1962 and 1963 the writer carried out a study of the 

magnetic field associated with the tectonic province defined by the 

Scotia Sea and Scotia Island Arc. The work was done under the 

direction of Dr. George P. Woollard and carried out on the USNS 

ELTANIN under National Science Foundation grant No. NSF-6-19611 to 

the University of Wisconsin . 

The Scotia Sea is bounded on the east by the Scotia Arc and on 

the west by the Drake Passage (Fig. 1). The Scotia Arc consists of 

the North Scotia Ridge, the South Sandwich Islands and Trench, and the 

South Scotia Ridge. The Drake Passage lies between Tierra del Fuego 

and the Antarctic Peninsula. Also shown in Fig. 1 are the other 

prominent island groups which in conjunction with the South Sandwich 

Islands enclose two geologic sub-provinces--the East and West Scotia 

basins. 

Historically, the region has been one of considerable geological 

and geophysical interest. Barrow (1831) was the first to suggest 

that the South Shetland Islands were a continuation of the cordillera 

of the Andes, and Suess (1909) made the remarkable prediction of a 

foredeep lying east of the South Sandwich Islands. Since then the 

tectonic origin of the Scotia Sea has been a subject of continuing 

speculation . 

Over the years the region has repeatedly been the target of major 

research expeditions--the German METEOR (1925-1927) and the British 

DISCOVERY (1926-1939) investigations, among others, prior to the 

International Geophysical Year. Among the better-known reports that 
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Fig. 1. Chart of the Scotia Sea. • 
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have appeared from geological exploration of the area are: 

Nordenskjold (1910), Andersson (1906), Holtedahl (1929), Tilley (1930, 

1935), Tyrrell (1921, 1930, 1945), Herdman (1948), Trendall (1953, 

1959), Matthews (1959) and Hawkes (1962) . 

Although geophysical measurements other than bathymetry, notably 

the refraction investigations of Ewing and Ewing (1959), had been 

reported from the Scotia Sea prior to 1962, these were limited in 

extent and for the most part remain unpublished. There was little 

published or unpublished information concerning the magnetic field 

associated with the region. In 1959 the British Antarctic Survey 

(Griffiths and others, 1965) initiated long-range geophysical investi­

gations of the Scotia Sea which included magnetic observations. 

Starting in 1962 and throughout 1963 the USNS ELTANIN engaged in 

comprehensive oceanographic studies of the area. These included 

phases of physical oceanography, marine biology, and marine geology 

as well as geophysics. 

It was during this period that the writer conducted the present 

thesis study of the variation in the absolute value of the earth's 

magnetic field in the Scotia Sea from the USNS ELTANIN. The magnetic 

data were obtained using a proton precession magnetometer with a 6-

second recycle rate, and a towed sensing coil. Measurements were 

obtained along approximately 20,000 miles of ship track. 

The objective of the work was to obtain data which relate to 

crustal thickness and the geology of the crystalline basement in the 

Scotia Sea area. It was hoped to be able to map changes in lithology 
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of the basement rock complex and relate broad regional magnetic 

anomalies with susceptibility changes deep within the crust, corre­

lating these, wherever possible, with observed seismic discontinuities. 

As will be shown later in the text, these objectives were for the 

most part achieved. 
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INSTRUMENTATION, FIELD PROGRAM, AND PROCEDURE 

Instrumentation 

The USNS ELTANIN is the former Naval cargo vessel TAK-270 which 

was converted in 1962 by the National Science Foundation for su_rvey 

work and scientific research in polar regions. The vessel is operated 

for the National Science Foundation by the Military Sea Transportation 

Service . 

The total intensity proton precession magnetometer used was built 

by the Lamont Geological Observatory of Columbia University and based 

on the design of the prototype instrument developed by Varian Associates 

(Hirshman and Luskin, unpublished material). The performance of the 

instrument together with the results of the shakedown cruises are dis­

cussed by Kroenke and Woollard (Hawaii Institute of Geophysics research 

report, in preparation). The components of the system were as follows: 

1. The lucite fish and coil assembly. 

The fish contained the coil assembly, immersed in 

distilled water, and consisted of two orthogonal 

coils of #10 copper wire wound in series and oriented 

normal to the vector of the ship's motion • 

2. One thousand feet of towing cable supplied by the Simplex 

Wire and Cable Company, Cambridge, Massachusetts. 

The cable consisted of 2 conductors of #10 49-strand 

wire (polyethylene-jacketed) with a phosphor bronze 

braid and reinforced neoprene jacket; rated at 600 

volts • 



• 
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• 

3. A program unit furnished by Lamont Geological Observatory. 

This unit, by means of motor-driven cams and 

microswitches, controlled the timing of the 

polarizing and the counting cycles of the 

magnetometer. It also reset and triggered the 

counting stages of the digital counter. 

6. 

4. A pre-amplifier and amplifier constructed by Lamont Geological 

Observatory• 

5. A Beckman/Berkeley Preset Universal EPUT and Timer, Model 

• 7361 TR. 

• 

• 

This instrument, a digital counter capable of 

measuring period, performed the read-out function 

of the proton precession magnetometer. Its operation 

was comparable to the slow and fast gates of a 

Varian airborne magnetometer . 

6. A Hewlett-Packard Digital to Analog Converter Model 3120-3· 

This unit converted the digitized signal from 

the EPUT meter to an analog form suitable for 

• sampling by a Speedomax recorder. 

• 

• 

• 

7. A Leeds-Northrup Speedomax Recorder. 

This instrument was a potentiometer-type pen 

recorder with a paper speed of 12 inches per 

hour and a recording width of 10 inches. In 

March 1962 it was modified, by technicians 

from Lamont Geological Observatory, to accept 
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and record the signal from the Hewlett­

Packard converter. 

7. 

All the components with_ the exception of the fish and towing cable 

were mounted in the electronics laboratory in the forward section of 

the ship. During towing operations, the cable was secured around the 

gypsy head of the work winch and passed over the stern on the port 

side of the after platform. Prior to the beginning of Cruise 8 a 

winch was installed to mechanically stream and retrieve the towing 

cable . 

Field Program 

Cruises 1 and 2 of the ELTANIN were primarily of a shakedown 

nature, and together with Cruise 3 (New York to Valparaiso) are dis­

cussed elsewhere (Kroenke and Woollard, Hawaii Institute of Geophysics 

research report, in preparation). Upon completion of the first cruise 

in the Drake Passage (Cruise 4 in Fig. 2) the scientific party decided 

to extend the investigations to the east in order to include the 

entire Scotia Sea, a distinct physiographic province defined within 

the boundaries of the Scotia Arc. From July 1962 through December 

1963 the ELTANIN, operating primarily out of Valparaiso, Chile, cruised 

in the Scotia Sea. The ship tracks in this area are shown in Fig. 2. 

The tabulated total intensity values and position, and the depth of 

water ar~ given in Kroenke and Woollard (Hawaii Institute of Geophysics 

research report, in preparation). 

Because of adverse weather conditions and the absence of LORAN 

facilities, it was expected that navigation would pose a major problem 



Fig. 2. Cruise tracks of the USNS ELTANIN in the Scotia Sea, the 
South Pacific, and the South Atlantic (1962- 1963). 
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in the south polar seas. However, an analysis of the data indicates 

that the navigation was of a higher order of accuracy than had been 

anticipated. In general, the navigational accuracy is estimated to 

be about ±5 miles; but observed discrepancies in the bathymetric and 

magnetic data at several track intersections indicate errors as 

great as ±10 miles were present at times • 

Operating Procedure 

While underway, the magnetometer sensing head (fish) was towed 

astern of the vessel at a distance varying between 500 and 1000 feet • 

Normally, during the approach to a scientific station (when the ship 

was hove to), the fish was retrieved preparatory to the over-the-side 

station activities. At certain times, however, the sensor was 

streamed while drifting, in order to monitor temporal magnetic field 

fluctuations. 

A continuous electronics lab watch was maintained during the 

operation of the magnetometer and magnetic data were continuously 

recorded in analog form on the strip chart recorder. The record 

trace recorded the last three digits of the period of a predetermined 

(pre-set) number of precession cycles measured by the EPUT meter. 

The first three digits (regional values) were annotated directly on 

the record each hour together with Greenwich Civil Time, the pre-set 

value of the number of precession cycles included in the count period 

(comparable to the slow gate of the Varian magnetometer) and the date. 

At appropriate intervals, the course, speed, and distance traveled 

in nautical miles (from the electro-magnetic log) and the depth in 



• 

·-
• 

• 

• 

• 

• 

• 

• 

• 

• 

10. 

fathoms (from the precision depth recorder) were also logged. 

Since the values recorded on the analog recorder and visually 

presented on the digital counter were given in terms of period of a 

predetermined number of precession cycles, it was necessary to convert 

these values to absolute field strength in terms of gammas. After a 

roll of chart paper on the Speedomax recorder was filled, the time 

was scaled off in 15-minute intervals. The values were read at 

these intervals and also at maximum and minimum points and the total 

field strength calculated in gammas • 



• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

REDUCTION AND EVALUATION OF DATA 

Data Reduction 

The theory of the proton precession magnetometer has been 

presented by Waters and Francis (1958) and is based on the relation-

ship 

F 

where F is the absolute value of the total intensity of the magnetic 

field, g' is the gyromagnetic ratio for a proton, and f is the 
p 

precession frequency. Thus F is directly proportional to f 
p 

The 

value of g' determined by the National Bureau of Standards (Driscoll 

and Bender, 1958), and later adopted by the International Association 

of Geomagnetism and Aeronomy (Nelson, 1960), is (2.67513 ± .00002) 

x 10 4 radians/gauss second. This gives 23.4873 gamma seconds/cycle 

2~ for the value of ~, . 
g 

The data were reduced at the Geophysical and Polar Research 

Center of the University of Wisconsin and at the Hawaii Institute of 

Geophysics. The values of total intensity (F) were then tabulated 

with the time of observation, position, and depth of water. Depths 

were taken either directly from the precision depth recorder or from 

the plotted soundings prepared by Lamont Geological Observatory 

(1963-1965). In neither case were the data corrected for regional 

variations in the average vertical sound velocity (Heezen and others, 

1959). As will be shown in the section on bathymetry, the error in 

depth from this cause does not exceed 2% . 
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Vessel Effects on Magnetic Measurements 

During Cruises 1, 2, and 3 the magnetometer fish was towed astern 

of the ELTANIN at a distance of approximately 550 feet (two ship­

lengths). At this distance the magnetic effect of the ship should 

have been less than 10 gammas (Bullard and Mason, 1961). At low 

geomagnetic latitudes during Cruise 3, however, circular maneuvers, 

designed to reveal possible magnetic effects of the vessel at different 

headings, disclosed that the effect was somewhat greater, possibly as 

much as 50 gammas greater. During Crui ses 4 through 8--in an effort 

to decrease the heading effect--the towing distance was increased to 

between 750 and 1,000 feet. 

Other minor magnetic effects from bathythermograph (BT) operation 

and trawling were observed, but for the most part, these resulted in 

disturbances of less than 10 gammas in the magnetic field intensity 

measurements. Recurring line- voltage fluctuations varying between 

85 and 135 volts--as a result of heavy current drains by winch 

and deck equipment operation and by switching of generators--frequently 

were troublesome. The effect of this on the magnetometer could not 

be completely ana l yzed, but erratic instrument behavior was observed. 

During Cruise 3, voltage regulation equipment was incorporated into 

the circuit to suppress most of this type of variation, and resulted 

in more precise data and prolonged life of the electronic components 

of the magnetometer. 

Temporal Magnetic Disturbances 

Since the magnitude of diurnal and other temporal changes in the 
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magnetic field is known to vary from one area to another, it was 

realized that any attempt to remove the effect of temporal fluctu-

ations, as recorded at observatories which were far from the area of 

investigation, could introduce significant errors. Therefore, no 

corrections for temporal variation in the earth's magnetic field have 

been applied to the data. However, K indices were examined in order 

to aid in distinguishing large temporal fluctuations from spatial 

variations. For the cruises in the Scotia Sea (Cruises 4 t hrough 9), 

K indices from individual observatories were utilized in analyzing the 

data. In addition, for Cruises 2 through 10, geomagnetic planetary 

3-hour-range indices (K ) (Lincoln, 1962-1964) were also examined for 
p 

the periods of observation. According to convention, the K indices 

are whole integers between 0 and 9, indicating the difference between 

maximum and minimum values of one component of the magnetic intensity 

vector during a 3-hour period. The gamma range of the K indices varies 

between observatories, and a quantitative value for the K index exists 

only with reference to the particular observatory issuing the index. 

In general, comparison of the K indices with a particular period of 

observation furnished a simple, but qualitative, measure of reliability 

for the data recorded during that period. The data used tn the 

detailed analysis were all obtained during periods of relative 

quiescence . 
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MAGNETIC ANOMALIES OVER THE SCOTIA SEA 

The Total Intensity Magnetic Field 

After the Scotia Sea magnetic data had been reduced, as previously 

described, plots were made of the total intensity values for the 

position of the USNS ELTANIN as reported in the ELTANIN Data Sheets 

(1962 - 1963), and contoured in intervals of 100 gammas. The resulting 

total intensity chart is shown in Fig. 3. As can be deduced from the 

numerous dashed lines, this contoured chart is not as well controlled 

as one would wish. Annual change for this region as determined from 

the U. S. Naval Oceanographic Office chart H. 0. 1703 (1965) varies 

between -70 and - 115 gammas per year. This is close to the figure of 

-120 gammas per year derived and used by Griffiths and others (1965). 

However, as the ELTANIN data were acquired only between July 1962 and 

December 1963 (a period of slightly less than 18 months duration) and 

because navigational inconsistencies and our inability to remove the 

effect of short-term temporal variations gave a larger uncertainty in 

values, no correc t ions were applied to the data for secular variation. 

As shown by Fig. 3, the regional gradient resulting from the 

earth ' s main field tends to suppress and obscure the effect due to 

buried geologic bodies. In order to evaluate the tectonic pattern of 

the area, it was necessary to construct a smoothed representation of 

the regional field which was subtracted from the total field before 

undertaking a geologic analysis of the results. 

The Re gional Magnetic Field 

The quantity and areal distribution of the ELTANIN data did not 

appear to warrant the use of elaborate procedures for determining the 



Fig. 3. Magneti c total intensity chart of the Scotia Sea (1962-
1963). Contour interval, 100 gammas. 
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regional gradient, such as those discussed by Wold and Wolfe (1966), 

and therefore, the total intensity contours (Fig. 3) were visually 

smoothed to define the regional magnetic field (Fig. 4). 

Comparison of the chart in Fig. 4 with the U. S. Naval Hydro­

graphic Office chart H. 0. 1703 (1955), corrected to 1963, disclosed 

large discrepancies. However, comparison with the regional chart of 

the Scotia Sea published by Griffiths and others (1965) showed there 

was reasonable agreement. There are slight differences in the South 

Sandwich Islands, but these can be attributed to the fact that the 

amount of data available to the writer was greater than was available 

to Griffiths. Later, the validity of the writer's regional magnetic 

field chart was further substantiated by the close agreement with the 

newly released chart H. 0. 1703 (1965) based on the results of a 

spherical harmonic analysis to degree and order 12 (Fig. 5). 

The Residual Magnetic Field 

The residual magnetic field chart presented in Fig. 6 was obtained 

by the relatively simple method of · subtracting the regional contour 

values from the total intensity contour values. Although the validity 

of the resulting residual anomalies based on relatively few data and 

a non-uniform distribution of observations is open to question, no 

significant geologic analysis could be undertaken without the removal 

of the regional' gradient. The smoothed residual field shown in Fig. 6 

is believed to portray the magnetic anomaly pattern to a first approx­

imation. The field portrayed represents the composite effect of anomaly 

sources at various depths in juxtaposition . 



Fig. 4. Regional magnetic intensity chart of the Scotia Sea (1962-
1963). Contour interva~ 500 gammas . 
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Fig. 5. Regional magnetic intensity chart of the Scotia Sea, after 
Oceanographic Office Chart No . 1703 (1965) . Contour interval, 
.01 oersted. 
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Fig. 6. Residual magnetic anomaly chart of the Scotia Sea (1962-
1963). Contour interval, 100 gammas. 
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Although some spatial aliasing in contouring the residual data 

could not be avoided, which biased the results to some extent, a 

comparison of the writer's residual values for the Bransfield Strait 

area with those determined by Griffiths and others (1965) for the 

same area show excellent agreement, both in magnitude and in geometry. 

This allowed incorporation of these data with those of the writer 

(Fig. 6) with almost no adjustment. The inclusion of these data 

considerably extended the ' areal coverage of the data analyzed. 

The prevalent system of lineations of residual anomalies paral­

leling the Scotia Arc and internal topographic elements is more 

clearly delineated in the bipole trend chart of Fig. 7. The solid 

lines represent positive anomaly lineations while the dotted lines 

show the negative anomaly trends. · The most striking, though possibly 

somewhat conjectural, aspect of the chart is the apparent convergence 

of anomaly lineations within the Drake Passage. The significance of 

this will be discussed later • 

Examination of Figs. 6 and 7 focuses attention on the following 

features: 

1. The North Scotia Ridge • 

The absence of any continuous or noticeable high amplitude, long 

wavelength anomalies associated with or adjacent to the North Scotia 

Ridge is of considerable interest. Griffiths and others (1965) 

arrived at a similar result and describe the lack of magnetic anomalies 

associated with the Ridge as one of the main features that emerges 

from consideration of the Scotia Arc. They refer to "the continuation 



Fig. 7. Magnetic bipole trend chart of the Scotia Sea. Solid lines 
indicate positive magnetic anomaly trends; dashed lines, 
negative trends. 
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of the submarine ridge from the Burdwood Bank to South Georgia as 

a non-magnetic structure." This observation is in agreement with the 

seismic refraction measurements of Ewing and Ewing (1959), which 

indicate that the main crustal layer is depressed about 5 kilometers 

under the ridge and that the Burdwood Bank is composed mainly of 

consolidated sediments . 

2. The North and South Sandwich Fracture Zones. 

The elongated anomaly pattern at the northern extremity of the 

South Sandwich Trench seems to coincide with the fractured area 

described by Heezen and Johnson (1965). Significantly, the anomaly 

extends considerably farther to the east beyond the disturbed area 

indicated by the bottom relief. This suggests that the structure is 

much more extensive than the bathymetric data indicate. This situation 

is probably analogous to that described by Malahoff and Woollard 

(1966) who traced the Molokai Fracture Zone, as delineated by magnetic 

anomalies, through the Hawaiian Archipelago, and it will be discussed 

further under bathymetry of the Scotia Sea. 

Heezen and Johnson (1965) first described the well developed 

South Sandwich Fracture Zone at the southern end of the South Sandwich 

Trench. As will be shown later in the section on bathymetry, this 

topographic feature extends considerably to the east--in effect paral­

leling the magnetic anomaly associated with the North Sandwich Fracture 

Zone. Like the northern structure, the South Sandwich Fracture Zone 

is also anomalous, but, in this case, the areal extent of the magnetic 

anomaly cannot be determined because of insufficient data • 
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3. The South Sandwich Trench • 

The residual field over the South Sandwich Trench and associated 

South Sandwich Island Arc roughly reflects the tectonic fabric of the 

region. Although no local or regional magnetic anomalies of large 

amplitude are found in association with the Trench itself, an anomaly 

of very low amplitude and long wavelength appears to parallel the 

trench axis, possibly originating at great depth, but, conceivably 

being due to the topographic effect of the trench. Numerous magnetic 

anomalies of high amplitude and short wavelength appear to be associated 

with the volcanic features in the shallower water areas adjacent to 

the island arc. In addition, numerous local anomalies exist over the 

deeper water areas along the northwest extension of the island arc 

in the East Scotia Basin. They appear to decrease in magnitude and 

increase in wavelength westward to the Scotia Basin, suggesting a 

progressive increase in depth of the source of the anomalies to the 

west. 

4. The South Scotia Ridge. 

Although the conclusion is based on a relatively small number of 

observations, the South Scotia Ridge in contrast to the North Scotia 

Ridge appears to be characterized by pronounced magnetic anomalies. 

Shallow (short wavelength) anomalies superimposed on deep (long wave­

length) anomalies culminate to the west in the high amplitude ( - 400 to 

+800 gammas) Bransfield Strait anomaly centered over the South Shetland 

Islands • 

Griffiths and others (1965) have discussed the structural interpre­

tation of the Bransfield Strait. In this region they fitted the 
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observed magnetic anomaly field with a two- dimensional model, modified 

slightly from their gravity and seismic models. The inclination was 

assumed to be 58° and the susceptibility contrast approximately 6 x 10-3 

cgs units. Their interpretation is shown in Fig. 8; it will be 

discussed in the section on seismic refraction measurements • 



Fig. 8. Gravity and magnetic profiles across the Bransfield Strait. 
The densities are based on known seismic velocities; the 
inclination of magnetization is assumed to be 58°, and jhe 
appare~t susceptibility contrast, approximately 6 ~ 10-
emu/cm (after Griffiths and others, 1965). Distance are 
in kilometers . 
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SOURCE OF THE MAGNETIC ANOMALIES 

The Effect of Terrain 

The relationship between magnetic anomalies and topographic relief 

has been investigated by several writers. Nettleton (1940), in dis-

cussing the effect of relief on buried magnetic basement,. points out 

that the contribution to the magnetic anomaly of buried topography 

is often negligible compared to the contribution of contrasts in 

magnetization extending to great depths (vertical intrusive bodies ). 

Nettleton has calculated that a maximum anomaly of 150 gammas in 

vertical intensity may be expected from a structural relief whose 

elevation is one-quarter of its depth of burial and having a vertical 

polarization with a contrast of 0.003 cgs units. This calculation is 

based on the assumption of a vertical- walled structure, long in the 

direction perpendicular to the magnetic profile, and any decrease in 

the slope of the walls would decrease the amplitude of the anomaly. 

Griffiths and others (1965), in considering the effect of topo-

graphic relief in the Scotia Sea, observed that "there is, in general, 

no obvious relationship between the magnetic features and the observed 

bottom topography," and as a result they presume that in many places 

the igneous rock is buried beneath sedimentary blanket. They also 

state that in order to approximate topography with triangular blocks, 

a magnetization contrast (apparent susceptibility or KA) of 3 x 10-
3 

cgs units is required, suggesting basic rock material with marked 

remanence (J ) • Furthermore, in one of the few places where corre­
r 

- 3 lation appeared possible, a magnetization contrast of 5 x 10 cgs 

units was required in order to obtain good agreement between the 
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calculated and observed anomalies due to the observed topography. 

The relation of the apparent susceptibility to the total field 

intensity is given by (Nagata, 1961) 

J = k H + J - K H o n - A o 

where J is the intensity of magnetization, k is the magnetic suscepti-

bility, H is the strength (intensity) of the present field, J is 
o n 

the in situ natural remanent magnetization (assuming that remanent 

magnetization is roughly in the direction of the present field), 

and KA is the apparent susceptibility or magnetization contrast, and 

k(l + Q) 

where Q is the Konigsberger ratio 

- J /k H 
n o 

Since for most lithologies which are to be considered in this dis -

cussion Q is generally greater than or equal to 10, then 

= J /H n o 

Following common usage J (measured remanent magnetization) will 
r 

be substituted for J and average magnetic field intensity F is 
n 
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substituted for H • Thus 
0 

~ J /F 
r 

From the foregoing discussion it is apparent that although 

28. 

susceptibility (k) can often be neglected, values for natural remanent 

magnetization (J ) must be known in order to estimate the effect of 
r 

topographic relief. J measurements of rocks from the Scotia Sea 
r 

area are not available; consequently, the assignment of values to 

magnetization contrasts (KA) is conjectural and involves assumptions 

as to the nature of the sea floor. This leaves no alternative but to 

estimate the KA from an analysis of the magnetic profiles. This 

analysis, in turn, depends upon the validity of the model chosen to 

represent the anomalous body. 

Method of Analysis 

The various techniques of quantitatively interpreting magnetic 

data have recently been reviewed and evaluated by several writers. 

Sankar-Narayan (1961) presents a comprehensive evaluation of many 

of the most common methods of computing depths to structures causing 

anomalies. Ostenso (1962), working in Arctic latitudes near the north 

magnetic pole, extended the discussion, but concentrated on the half-

slope method of Peters (1949) for determining depths. His results 

suggest considerable success, using downward continuations for control. 

Malahoff and Woollard (1966), working in the low magnetic latitudes 

of the Hawaiian Archipelago, used the prismatic model method of Vacquier 
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et al. (1951) with equal success, and supplemented the analysis with 

two-dimensional model studies. 

Both Peters' method and the method of Vacquier et al. assume 

that the causitive body is polarized by induction in the earth's 

29 . 

field. However, whereas the half-slope method is valid only for the 

vertical component of the magnetic field or for total intensity values 

in high magnetic latitudes where the horizontal component is negligible, 

the prismatic model method is useful for total intensity analysis at 

all angles of magnetic inclination--if the appropriate magnetization 

vector is used. As shown in Fig. 9, magnetic inclination or dip of 

50° to 58° characterizes the area of the Scotia Sea. Consequently, 

the analytical techniques used for this region must be particularly 

applicable to intermediate geomagnetic latitudes. Furthermore, since 

the same anomaly pattern may be explained by various combinations of 

dimensions, depth, and susceptibility contrast, it is necessary to 

place limits on the variance of these parameters . In the present 

study, determination of a first approximation of the depth distri­

bution of anomaly sources was the main objective . 

The analytical techniques outlined by Vacquier et al . (1951) were 

used to determine the following parameters: 

1. the approximate depth to the top of the anomalous body, 

2. the approximate size and shape of the body, and 

3. the probable magnetization contrast (apparent susceptibility 

contrast or KA) between the hypothetical geologic body and the 

surrounding country rock • 



Fig. 9. The magnetic inclination in the Scotia Sea for the year 1965, 
after Oceanographic Office Chart No. 1700 (1965). Contour 
interval, 2 degrees. 
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•- Inherent in these techniques, however, are certain assumptions which 

are: 

1. that the hypothetical body can be approximated by a prismatic 

e cell with vertical side walls, great vertical extent, and a 

horizontal upper surface not less than one depth-unit below 

the plane of the map; 

• 2. that the cell is polarized in the direction of the earth's 

main field; 

3. that the apparent magnetic susceptibility is constant through-

• out the cell and in contrast to the apparent susceptibility 

• 

• 

• 

• 

• 

• 

of rock surrounding the cell. 

Any serious departure from any of the above assumptions will necessarily 

invalidate the results. 

The procedure used to determine the parameters set forth consists 

in comparing theoretical charts of the total intensity resulting from 

prismatic cells with variable dimensions (for the proper magnetic 

inclination), with the actual observed anomalies. In practice, the 

residual anomaly map of t he Scotia Sea (Fig. 6) was examined first and 

t h e ELTANIN tracks which ran most nearly perpendicular to the strike 

of t h e anomalies were selected. The total intensity values along 

these tracks were redetermined using a higher data density to facilitate 

plotting the profiles. The regional gradient was next removed and a 

residual profile constructed. Most of the short wavelength residual 

anomalies compared favorably with the theoretical anomaly for the 

1 x 6 model of Vacquier et al. (1951). However, longer wavelength 

anomalies appeared to distort the superimposed shorter wavelengths 
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and in turn to be somewhat masked by them. A new regional gradient 

was then drawn through the residual profile so that each short wave­

length anomaly conformed rigorously to the theoretical shape. This 

operation, in effect, visuall y filtered the long wavelengths in order 

to separate the various superimposed anomalies. The new residual 

was then plotted and analyzed. This procedure was found to give 

fairly consistent depth estimates. Upon examining the new or second 

regional it was found to consist either of intermediate or of long 

wavelength anomalies, or a combination of both, which also closely 

conformed to the theoretical shape. Depth estimates performed on 

these longer wavelength anomalies gave much greater but still geologi­

cally reasonable depths. At this point, in order to test the above 

method, a series of theoretical overlapping profiles was constructed 

(Fig. 10). These represented anomalies from variously spaced prismatic 

cells corresponding to the theoretical 1 x 6 model of Vacquier and 

others (1951). This was done both for a series of normally magnetized 

hypothetical cells and for a series of alternating normally and 

reversely magnetized cells. The profiles comprising each series were 

then algebraically added as shown in Fig. 10. 

Although depth estimates performed on all the waveforms in Fig. 

10 are accurate to within 25% of the theoretical depth, the apparent 

susceptibilities (KA) are distorted and there is a possibility of 

mistakenly identifying composite anomalies as long wavelength anomalies 

resulting from deep (non-existent) structures. Furthermore, it should 

be mentioned that reversals of magnetization were not observed in the 



Fig. 10. Hypothetical magnetic anomalies for an inclination of 
60° as caused by variously spaced prisms conforming to 
the 1 x 6 model of Vacquier et ~l. (1951). The upper 
profile represents the effect of aormally magnetized 
prisms; the lower profile, that of alternately normal 
(N) and reversely (R) magnetized prisms. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• • • • • • • • • • • 

2.0 

1.5 

1.0 

0.5 

0.0 0 0 

-1 

I I I I I I I 
-1 

- 0 .5 -2 - 2 
I 

-3 -3 
>--
o._ 

>-
w 
0 

:: -1 .0 -4 -4 
V') 

z -5 -5 w 
>-- N N N N N N N N N ~ -1.5 

-2 .0 
u 
>--
w 
z -0.5 
() 
<o: 
::E 

-1.0 

-0 .5 

-0 .0 0 0 

-1 -1 

-0.5 -2 -2 I 
>--

-3 -3 
o._ 
w 
0 

-1.0 -4 -4 

-5 -5 

-1.5 N R N R N R N R N 

0 5 10 15 20 25 30 35 40 45 
DISTANCE 



• 

.. 
• 

• 

• 

• 

• 

• 

• 

• 

• 

34 . 

profiles examined for detailed analysis from the Scotia Sea. The 

reason for this apparent absence of reversals in magnetic field is 

not known, but if reversals in magnetization do not occur here, this 

would suggest an absence of sea-floor spreading as deduced by Vine 

and Matthews (1963) from reversals of the earth's magnetic field. 

However, any errors introduced by mistakenly identifying a reversely 

magnetized anomaly as a normally magnetized one would not seriously 

affect the resulting depth estimate. 

Depth estimates were made using the horizontal extent of the 

steepest gradient in conjunction with the Vacquier G index. This 

procedure generally provides an estimate of maximum depth of origin. 

The apparent susceptibility contrast (KA) between the source of 

the anomalies and the surrounding rock was estimated using the 

formula (Vacquier et al., 1951) 

llT 
m 

T • llT c 

where llT is the maximum amplitude of the actual anomaly (in gammas), 
m 

tiT is the maximum theoretical amplitude from the appropriate Vacquier 
c 

model, and T is the average total intensity (the regional field in 

gammas) for the area of investigation. 

The results of the above analysis for the western and central 

Scotia Sea are s ummarized and discussed in the following section. 

Estimated Depth to Magnetic Basement 

Depth estimates were made using the approach outlined above on 
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anomalies over the western and central Scotia Sea. Care was taken to 

use data from only those tracks which were oriented normal to the 

residual trends as shown in Fig. 6. Care was also taken to choose 

tracks which were least affected by changes in course and speed . 

Low amplitude, short wavelength anomalies which could result from 

topographic relief were not considered in making the analysis. The 

results of this analysis are summarized in Table I. The data given 

included the time of crossing, the geographic position of the anomaly, 

estimated depth to the top of the source, water depth, depth of the 

source below the sea floor, and magnetization contrast. The location 

of depth estimates are plotted in Fig. 11 together with the positions 

of the seismic refraction lines of Ewing and Ewing (1959). 

From Table I it is apparent that the majority of the anomalies 

examined from the western area originate from sources averaging 5 km 

below sea level (1- 1/2 km below the sea floor). The depth of this 

layer appears to be in agreement with the depth to the 6.5 km/sec 

layer as determined by Ewing and Ewing. Evidence is also present 

which suggests deeper levels of origin. The 14-km average source­

depth seems reasonable when compared with the refraction depth in this 

area of 13 km to the Mohorovicic (M) discontinuity (Ewing and Ewing, 

1959). Possibly- another level averaging 25-1/2 km below sea level 

might be related to the curie temperature isotherm. 

Tu the east, however, in the central Scotia Sea, depth estimates 

indicate that the anomaly source levels are slightly deeper. The 

shallow source depths average 5-1/2 km below sea level, with the two 
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Date GCT 

22 July 62 0335 
0410 
0550 
0705 
1015 
1125 
1155 
1250 
1335 

30 July 62 0840 
1005 

11 Dec. 62 0230 
0335 
0535 
0625 
0705 

• • • • 

TABLE I. MAGNETIC DEPTH ESTIMATES IN 
THE SCOTIA SEA 

Est. Water 
Lat ., Long., Depth, Depth, 

s w km km 

A. Western Scotia Sea 

Shallow Sources 

56° 30.5' 61° 50.5' 4 4 
56° 37.0' 61° 52.0' 4 4 
56° 54.1' 61° 56.5' 5 4 
57° 06.9' 61° 58.9' 4-1/2 3-1/2 
57° 33.5' 62° 05 .o' 4-1/2 4 
57° 43.7' 62° 06.1' 5 3 
5 7° 48.8' 62° 06.4' 3-1/2 2-1/2 
57° 57. l' 62° 10 .o' 3-1/2 3 
58° 04.5' 62° 11.9' 3 3 

58° 16.4' 62 ° 53 .0 I 7 4 
58° 32. l' 62° 55.0' 6 3-1/2 

56° 36.6' 60° 24.2' 4 3-1/2 
56° 27.0' 60° 26.9' 4 4 
56° 09. l' 60° 31.0' 5 4 
56° 02.0' 60° 33 .o' 4-1/2 4 
55° 56.2' 60° 34.8' 5-1/2 4 

• • • 

Dep th 
Below 

Sea 
KA, Floor, 

km cgs units 

0 
-3 

0 .33xl0 _
3
* 

0 0 .33xl0 _/' 
1 2.4 xl0_

3 
1 1. 7 xlO _

3 
1/2 0. 80xl0 _

3 * 
2 1.2 xlO _

3 
1 2.3 xl0_

3 
1/2 0. 64xl0 _

3 
* 

0 0.64xl0 * 
3 1. 7 

-3 
xl0 _3 

2-1/2 1. 7 xlO 

1/2 3.3 
-3 

xl0 _3 
0 3 .2 xlO _

3 
1 1. 7 xlO _

3 
1/2 2.4 xl0_

3 
w 

1-1/2 
(J'\ 

4 .6 xlO . 
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Date Ger 

11 Dec. 62 0830 
(Continued) 0930 

1025 

8 June 63 2150 

9 June 63 0030 
0105 
0325 
0455 

22 July 62 0230 
0940 
1230 

• • • • • 

TABLE I . (Continued) MAGNETI C DEPTH ESTI MATES 
IN THE SCOTIA SEA 

Est. Wa ter 
Lat., Long., Depth, Depth, 

s w km km 

A. Western Scotia Sea 

Sha llow Source s (Continued) 

55° 43.8' 60° 37.8' 6 4 
55° 35.2' 60° 39.0' 4-1/2 4 
55° 27.1' 60° 41.0 I 6-1/2 4 

58° 17. 5' 61° 52 .2 I 3- 1/2 3 

58° 01.9' 61° 36 • 9 I 5- 1/2 3 
57° 58.3 I 61° 33.0' 7-1/2 3 
57° 44.5' 61° 22.0' 4- 1/2 4 
57° 35.5' 61° 10. 9' 5- 1/2_ 3- 1/2 

Average , 24 anoma l i es 5 3-1/2 

Interme diate Sources 

56° 18.5' 61° 47.9' 9 4 
57° 28.7' 62° 03. l' 13 4 
57° 54,3 I 62° 09.0' 14 3-1/2 

• • • 

Depth 
Bel ow 

Sea 
KA, Floor, 

km cgs units 

2 2.3 -3 
xl0 _3 

1/2 2.6 xl0_3 2-1/2 2.9 xlO 

1/2 -3 0. 8lxl0 ~~ 

2-1/2 -3 1.2 xlO _3 4-1/2 5 .4 xlO _3 1/2 0 . 60x10 _
3 

-;~ 

2 0 .82x l0 "~ 

1-1/2 1. 9 xlO -3 

5 
. -3 

3. 5 xlO _3 w 
9 0. 90xl0 _

3 " 
10-1/2 2 .6 xlO 
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Date GCT 

30 July 62 0530 
0755 
1135 

11 Dec. 62 0255 
0Lf40 

9 June 63 0240 

22 July 62 0535 

30 July 62 1000 

• • • • • 

TABLE I. (Continued) MAGNETIC DEPTH ESTHIATES 
IN THE SCOTIA SEA 

Est. Water 
Lat. , Long. , Depth, Depth , 

s w km km 

A. Western Scotia Sea 

Intermediate Sou r ces (Continued) 

57° 42 ,0 I 62° 49 .2 I 13 3-1/2 
58° 08.1' 62 ° 52 ,0 I 15 3-1/2 
58° 49.6' 62° 56.4 I 11- 1/2 3-1/2 

56° 32.8' 60° 25.1' 18 3-1/2 
56° 17.0' 60° 29.1' 18 4-1/2 

57° 54.9' 61° 30.0' 17 3- 1/2 

Average , 9 anomalies 14 3-1/2 

Deep Sources 

56° 51. 9' 61° 55,5 I 33 3-1/2 

58° 31. O' 62° 55.0' 22 3-1 /2 

• • • 

Depth 
Below 

Sea 
KA' Floor, 

km cgs units 

9- 1/2 -3 2 .5 xlO _3 
11-1/2 3 .1 xlO _3 8 8 .O xlO 

14- 1/2 - 3 2 .3 xlO _3 13-1/2 3.8 xlO 

13- 1/2 4 .3 xlO -3 

10-1/2 3. 4 xlO -3 

2 9- 1/2 3 .6 xlO -3 

18-1/2 -3 2 .O xlO w 
co . 
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Date GCT 

11 Dec. 62 0845 

11 Mar. 63 0605 

• • • • • 

TABLE I. (Continued) MAGNETIC DEPTH ESTIMATES 
IN THE SCOTIA SEA 

Est. Water 
Lat., Long. , Depth , Depth, 

s w km km 

A. Western Scotia Sea 

Deep Sources (Continued) 

55° 41. 7 I 60° 37 ,3 I 21 4 

Average, 3 anomalies 25-1/2 3-1/2 

Summary 

* 8 Low KA Shallow Sources 4 3-1/2 

16 High KA Shallow Sources 5 3-1/2 

9 Intermediate Sources 14 3-1/2 
3 Deep Sources 25-1/2 3-1/2 

B. Central Scotia Sea 

Shallow Sources 

57°37. 8' 45° 36,2 I 4-1/2 3 

• • • 

Depth 
Below 

Sea 
KA' Floor, 

km cgs units 

17 1. 0 xlO -3 

21-1/2 2.2 xlO -3 

1/2 0. 62x10 -3 

1-1/2 2 .5 xlO -3 

-3 10-1/2 3 .4 xrn _3 
21-1/2 2 .2 xlO 

w 

'° -3 
. 

1-1/2 0 .80xl0 ~·~ 
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Date GCT 

11 Mar. 63 0715 
(Continued~ 0815 

0915 
1000 
1035 
1125 
1325 
1420 
1605 
1810 
1915 
2025 
2345 

12 Mar. 63 0010 
0110 
0145 
0245 

• • • • • 

TABLE I. (Continued ) MAGNETIC DEPTH ESTIMATES 
IN THE SCOTIA SEA 

Est. Water 
Lat ., Long., Depth , Depth , 

s w km lan 

B. Central Scotia Sea 

Shallow Sources (Continued ) 

57° 26.4' 45° 41.0' 3 - 1/2 3 
57° 17.5' 45° 45.0' 8 3 
57° 07.8' 45° 49.0' 3-1/2 3-1/2 
57° 00.9' 45° 52.0' 5- 1/2 3-1/2 
56° 55 .l' 45° 54.1' 3-1/2 3 - 1/2 
56° 47.2' 45° 57 • 9 I 5 3 - 1/2 
56° 28.2' 46° 06 .2 I 4 4 
56° 20.0' 46° 10.0' 4 4 
56° 03.8' 46° 15.1' 7 4 
55° 43.6' 46° 23.0' 7 4 
55° 34.0' 46° 27.9' 6-1/2 4 
55° 24.9' 46° 36.5' 6 3-1 /2 
54° 58.0' 47° 06.0' 4 ? 

54° 54.4' 47° 09.4' 8 4-1/2 
54 ° 44.2' 47 ° 18.9' 4 3 - 1/2 
54° 38.5' 47° 24.2 I 7- 1/2 3 - 1/2 
54 ° 28.5' 47° 33.8' 7 3 - 1/2 

• • • 

Depth 
Belm.v 

Sea 
KA' Floor , 

km cgs units 

1/2 
-3 

0. 46xl0 _
3 

~'> 

5 1.0 x lO _
3 

0 2. 6 xlO _
3 

2 1.6 x l0_3 
0 0. 93xl0 _3 * 
1-1/2 1.0 xl0_3 
0 1.5 xlO 
0 0. 59xl0 =;* 
3 1.4 xlO _

3 
3 2 .1 xlO _

3 
2- 1/2 1.2 xlO _

3 
2-1/2 4 .6 xlO _

3 
? 0 .44x l0 * 

2-1/2 
-3 

3 .O xl0 _
3 

1/2 0. 98x l0 _3 * 
4 5.6 xl0_

3 
+:-
0 

3 - 1/2 1.4 xlO . 
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Date GCT 

12 Mar. 63 0330 
(Continued ) 0350 

0430 
0510 

11 Mar. 63 0235 
0355 
0720 
0855 
1130 
1355 

• • • • • 

TABLE I. (Continued ) MAGNETIC DEPTH ESTIMATES 
IN THE SCOTIA SEA 

Est. Water 
Lat., Long., Depth, Depth, 

s w km km 

B. Central Scotia Sea 

Shallow Sources (Continued) 

54° 21.2 1 L17 o 40.8 1 3-1/2 3-1/2 
54° 18.0' 47° 43.9' 7-1 /2 3-1/2 
54° 11.8 1 47 ° 50.0' 4- 1/2 4 
54° OS .l' 47° 56. 4 I 5 4 

Average, 22 anomalies 5-1/2 3._1/2 

Intermediate Sources 

58° 09.9 1 45° 22.S' 13 3 
57° 58.0' 45° 27 ,8 I 18 2-1/2 
57° 26.0' 45° 41.1' 18- 1/2 3 
57° 10. 7 I 45° 47.4' 11 3-1/2 
56° 46.4' 45° 58.0' 14 3-1/2 
56° 24.0' 46° 08.9' 18-1 /2 4 

Average, 6 anomalies 15-1/2 3-1/2 

• • • 

Depth 
Below 

Sea 
KA, Floor, 

km cgs units 

-3 0 0 .54xl0 _3 * 4 4. 9 xlO _3 1/2 0 .56xl0 _3 * 1 3.2 xlO 

2 1.8 xlO -3 

10 -3 1.7 xl0_3 15-1/2 1.0 xl0 _3 15-1/2 0 . 69xl0 _3 
7-1/ 2 1.2 xlO _3 10- 1/2 1.3 xl0 _3 14-1/2 3 .4 xlO 

-3 4"-

12 I-' 1.5 xlO . 
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Date GCT 

11 Mar. 63 1530 

• • • • • 

TABLE I. (Continued ) MAGNETIC DEPTH ESTIMATES 
IN THE SCOTIA SEA 

Est. Water 
Lat., Long., Depth, Depth , 

s w km km 

B. Central Scotia Sea 

Deep Source 

56° 08.0' 46° 13 .5 I 37 -1 /2 3 -1 / 2 

(1 anomaly observed) 

Summary 

* 8 Low KA Shallow Sources 4 3-1/2 

14 High KA Shallow Sources 6 3-1/2 

6 Intermediate Sources 15-1/2 3 - 1/2 
1 Deep Source 37 -1/2 3 - 1/2 

• • • 

Depth 
Below 

Sea 
KA' Floor, 

km cgs units 

34 1.3 xlO 
-3 

1/2 0 .66x10 
-3 

2-1/2 2.5 xl0-3 

-3 
12 1.5 xl0_

3 
34 1.3 xlO 



Fig. 11. Location of magnetic depth estimates and of seismic 
refraction lines of Ewing and Ewing (1959). 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• • • • • • • • • • 

• 70' 60" SO" 4(]' »' 2~ • 
so I I ? I I I I I I I I I I I \ I I 150 

~{;? 
B 

, OEC \\ , 1%1 
JUL 22. 1962 ,~.S 

s5l-~~~ ""'° oi;c I~!~ 
s • ..,. .~ g~!gl ci:io 

05J5 I : 0705 
05~ ~ ~u 
07C'5 • : o.s..s.O 

'16'i]~: I ~J~ 
l l25 1 '-._~~)0 DEC. I I 
1155 .1(1"' 
12)) ' 0 9 

:u•. n :m /. ' ~.s.s 
JUL JO 1962 05)) ; • O.J<f (' 

01s; • L o~<~o A' 
084() • Oof.s 100)/ "'s. 0 
1005 .1(1 0 I 

JUL. )) ii 35 "'9 B 
• l 9CS.] 

6Q• 

v-·o 

(7~p? 
• 

c 0 

\qb; ",,,. 
~\0 ,,. ... 

1o~J~~~ 
. o'~~ •., 
\ o' '' • efl.'o ,i.P.'° .. ,,;~~ 

........ :i~ 
• ~q\~ 
•• 1&10 

r-1oOS 
\ 15l0 . 
• 1410 
• 1J5S 
~ ,;1s 
~ I 1JO 

1115 
1035 

. ~s 
\ o&55 

\

Q&IS 
077.0 
011S 

\ot>05 \ 0)55 •• ·~ \\ 1qol 
01>5 ~~ . 

~. 

~ ss· 

E ~~~-:---:-~~~~~~E' 

0' 

• 

60" 

6SI I I Sit'Y. t~ I I I I I I I I I I I I 165' 
'70" w f:IJ' SO" IC' 30' 20-

• 



• 

•• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

44. 

deeper sources, one at about 15- 1/2 kilometers and the other at 37-1/2 

kilometers below sea level (Table I). 

It should be noted that although the depth estimates obtained 

from the long wavelength anomalies could represent sources near the 

M discontinuity or possibly the curie temperature isotherm, the same 

anomalies could also possibly result from a lateral, near- surface 

(sea floor) distribution of magnetic materials, i . e . , a gradual 

variation in magnetization contrast with horizontal extent . However , 

this would require that the surface distribution of the variation 

in magnetization fall into the bvo groups observed . This seems 

unlikely . The alternative to this would be an error in identifying 

superimposed anomalies --as previously dis cussed • 

Possible Origin of the Magnetic Anomalies 

Definitive remarks on the genesis of the structure causing the 

magnetic anomalies over the Scotia Sea wou l d be at best only specu­

lative at this time. However, considering the amount of magneti c 

data in existence, and the availability of supporting seismic refraction 

measurements, a working hypothesis can be formulated regarding the 

geologic origin of the structure . 

Magnetization contrasts in the West Scotia Basin were estimated 

from the magnetic anomalies given in Table I, using Vacquier's meth od 

as previously described. The values obtained for the anomalies of 

shallow origin range between 0 . 33 x 10- 3 and 4 . 6 x 10-3 cgs units, 

averaging 1.9 x 10- 3 cgs units. Depths t o the top of the sources of 

these anomalies range between 3 and 7- 1/2 km below sea level, averaging 
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5 kn below sea level or approJdmatc y 1-1/2 <.m below the ocean floor • 

If tile anomalies ere grouped end averaged with reeard to their 

relative values of KA. it ia oeen that the anomalies with relatively 

-3 101 KA (c::.veraging 0.62 x 10 ces units) originate at approximately 

1/2 km below the sen floor whereas those dth relatively high KA 

(aver.aging 2 .5 x 10-3 cgs units) have their depths of origin 1-1/2 km 

belou the occnn floor . In audition, the anooalies of intermediate 

depths of origin hove magnetization contrasts ranging between 0 . 9 x 

~ ~ ~ 10 and 8.0 x 10 cgs units, or an Average of 3 . 4 x 10 cgs units . 

5oui:ce depthe for theoe anomalies range between 9 and 18 km below sea 

level and, aa stated earlier, average 14 km below sea level, or near 

th~ M discontinuity. Finally, the deep sources exhibit an average 

-3 magnetization contrast of 2 . 2 x 10 cgs units for an average depth of 

origin of 25- 1/2 kilometers. 

The apparent increase in magnetization contrast with depth to 

the level of the M discontinuity, although geologically teasonable, 

may only be fo:r uitous . Thie phenomenon, however, should be invest!-

gated further end examined more critically in order to determine any 

definite correlation • 

In the central Scotia Sea, average source depths appear to occur 

at slightly deeper 1 vela, as pr viously shown; however, magnetizatio~ 

contracts for the drnllou and cc p anomalies (Table I) appear in 

extremely close .'.:_::"!'..:.;:.~:.:.:::t wi ·h t iose from the western Scotia Sea. 

The KA of the !nte::i.::~die e enomalies, however, appears significantly 

lo~er in the central Scotia Sea • 
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As in the West Scotia Basin, the shallow anomalies in the central 

area may be grouped according to their relative magnetization contrasts. 

-3 Anomalies with relatively low KA (averaging 0.66 x 10 cgs units) 

originate about 1/2 km below the sea floor while those with relatively 

-3 high KA (averaging 2.5 x 10 cgs units) originate at 2 km below the 

sea floor. Anomalies of intennediate depths of origin, however, 

-3 have magnetization contrasts averaging 1.5 x 10 cgs units (compared 

with 3.4 x 10-3 cgs units for the western area) for an average depth 

of origin of 15-1/2 km below sea level • 

Whether this decrease in KA and increase in depth to the east 

indicates a decreasing contrast in the physical properties of the 

material near the M discontinuity is conjectural. The significance of 

this observation remains to be established. It should be pointed out 

here that the average of the observed KA of the deeper layers may be 

too high. This may simply reflect a bias stenuning from the inability 

to recognize small amplitude anomalies of long wavelength. 

Nagata (1961) has shown "the magnetic susceptibility of rocks in 

weak magneti c fields such as that of the earth depends on the kind and 

abundance of ferromagnetic mineral grains and their size in a compli -

cated manner." Furthermore, he states that "the magnitude of the 

natural remanent magnetization [J ] of igneous rocks is almost invar­
r 

iably greater than the induced magnetization in the present geomagnetic 

field." In support of this, Vogt and Ostenso (1966) demonstrate that 

oceanic basalts have uniformly low susceptibilities and high intensities 

of remanent magnetization (the effect of which is an order of magnitude 



• 

• 

• 

• 

• 

• 

• 

• 

• 

47 . 

greater), and conclude that apparent susceptibility is primarily a 

function of Jr' irrespective of whether the inducing field is rein-

forcing or opposing • 

From this it would appear that, without knowing the susceptibility 

(k)' or the value or direction of J , little confidence can be placed 
r 

in the estimate of rock type as determined from magnetic anomalies • 

Fortunately, however, many recent determinations have been made of k 

and J values for rocks from oceanic areas (Table II) . From these data 
r 

one might speculate on the type of lithology present in the area under 

investigation . 

Since it is probable that there is a considerable J , it would be 
r 

reasonable--on the basis of magnetization contrasts (KA in Table I) and 

data from Table II--to visualize the source of the very shallow anom-

alies (low KA) in the western and central Scotia Sea as hydr othermally 

altered intrusions of basalt into a sedimentary sequence or, more 

simply, as topographic relief of a hydrothermally altered basalt base -

ment blanketed by sediments . Likewise, the slightly deeper (less 

shallow) anomalies could be explained in a similar manner as being 

caused by intrusions of unaltered (fresh) basalt (having a higher KA) 

into or through an older hydrothermally altered basaltic layer in the 

vicinity of rift zones, or even by alternating vertical zones of low-

grade hydrothermally metamorphosed peridotite and basalt. 

Luyendyk and Melson (1967) point out that low- grade hydrothermal 

alteration can significantly decrease the magnetic properties of 

basalts and can produce the opposite effec t on peridotites . They 
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TABLE II. MAGNETIC PROPERTIES OF ROCKS FROM 
THE ATLANTIC AND PACIFIC OCEANS 

k, emu/ cm 3 

Description x 10-3 

Aphanitic basalt but with some crystal s 
visible, including olivine. Chocolate 
colored, weathered, 5% vesicl es (some 
tabular), 3% white amygdules* 0 .63 

Fine-grained basalt with a few small 
vesicles;', 0.26 

Fine-grained basalt with 3% v esicles , 
some with light br own linings1• 0.26 

Dense basalt with a f ew small vesicles* 0.40 

Fine-grained basalt with a few crystals 
visible, 8% v esicles 0.1 to 1 mm in 
diameter* 0.16 

Fine-grained basalt with a few cr ysta ls 
visible and a few vesicles 0.1 mm to 
0.5 mm in di ameter* 0 . 87 

Fine-grained basalt with 10% olivine 
phenocrysts 1/2 to 3 mm in diameter and 
2% vesicles 0 . 1 to 0. 5 mm in diame t er1• 0.15 

J 

• • 

emu/cm 3 
r' 

x 10-3 
Q 

1. 69 5.7 

7.29 58.4 

7.79 63.5 

11.50 60.0 

9.40 121.0 

4.62 11.1 

6.80 95.7 .p.. 
ex:> . 
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TABLE II. (Continued) YiAGNETIC PROPERTIES OF ROCKS 
FROM THE ATLl\NTIC AND PACIFIC OCEANS 

Description 

Fine-grained basalt* 

Brittle, glass-sheathed fragments of basalts* 

Basalt with glass sheath'': 

Median value": 

Median value of 43 samples from abyssal 
hills on the floor of the North Atlantic 
Ocean from Vogt and Ostenso (1966) after 
Matthews (1961) 

Median value of 97 samples from the Atlantic 
and Pacific oceans from Vogt and Ostenso 
(19 66) after Ade-Hall (1964) 

Median value of unknown number of samples 
from the Mendocino escarpment from Vogt 
and Ostenso (1966) after Bullard and 
Mason ( 1963) 

Median value of 23 samp les from Mohole test 
site EM7 (Guadalupe site) from Vogt and 
Ostenso (1966) after Cox and Doell (1962) 

3 
k, emu/ cm 

x 10-3 

0 .30 

0 .06 

0.20 

0.3 

0.5 

0.5 

1.8 

0.3 

3 
J , emu/cm 

r 
x 10-3 

2.32 

0.76 

0.56 

5.0 

4.4 

5.0 

17.7 

5.0 

• • 

Q 

16 .5 

27.5 

5.9 

48 

20.0 

18.0 

20.0 

40.0 
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TABLE II. (Continued) MAGNETIC PROPERTIES OF ROCKS 
FROM THE ATLANTI C AND PACIFIC OCEANS 

Description 

Fresh, medium-grained basalt with about 3 
per cent by vo l ume equidimens ional tit ano­
magnetic crystals** 

Fresh, coarse-grained olivine basalt, with 
approximately 4 per cent by volume equidi­
mensional crystals of titanomagnetite. 
This s amp le in view of its unusually coarse 
grain size , may be an intrus ive (dike or 
sill) rock>h'~ 

"Quenched", fine -grained olivine basalt with 
abundant interstitial glass rich in titano­
magnetite (?) and ilmeno-hematite in extremely 
small platy crystals arranged in a r ectangular 
grid- like mannerM• 

Brecciated basalt, considerable secondary 
saponite. Prob ably a fault breccia. Titano­
magnetite altered to sphene and ilmeno-
hema ti teM• 

Fine-grained, saponite-rich, brecciated basalt. 
Oxides altered to goethite and ilmeno­
hematite (?) ** 

3 
k, emu / cm 

x 10-3 

1.57 
1.88 

2.69 
2.86 
2.98 

0.81 
0.75 
0.64 

0.09 
0.11 
0.32 
0.22 

0.08 
0.09 
0.13 

3 
J , emu/cm 

r 
x 10- 3 

3.63 
3.60 

4.74 
4.67 
5.01 

11. 29 
8.26 
9.55 

0.25 
0.40 
0.64 
0 .36 

0.05 
0.06 
0.13 

• • 

Q 

4.62 
3 ,8Lf 

3.52 
3.26 
3.36 

27.87 
21.95 
29.85 

5.32 
7.3 2 
4.03 
3.23 

1.37 
ln 

1.94 0 

2.02 

• 
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T/\.BLE II. ( Continued) HAGNETIC PROPERTIES OF ROCKS 
FROli THE L\TLANTIC .NlD PACIFIC OCEANS 

• 

3 
k, er..ru / cm 

-3 x 10 

J , emu I c::P 
r 

x 10-3 Description 

llasalt fragment fro~ tectonic breccia. 
Considerable o ~·cou.<la:ry so.poni te mainly 
replacing olivine. InteA:::itit:tal, devitri~ 
fied glass with abundan t platy crystals 
of titanomagnctite (?) ** 

Grcenstone. Contains alb!te, actinolite, 
cpidote, chlorite, and sphene in various 
amounts. Fe-Ti oxides totally replaced 
by silicates** 

Greens tone. Contains albite, actinolite, 
epidote, chlorite, and sphene in various 
amounts. Fe-'.ri oxides totally replaced 
by silicates** 

Greenotone. Contains albite, actonolite, 
epi<lote, chlorite, and sphene in various 
amounts. Fe-Ti oxides totally replace<l 
by ailiclltes~· • ..-, 

1.58 
1. 35 

0.06 

0.05 

0.04 

2.29 
2.45 

0.01 

0.005 

0.002 

*Dreuged from the flanks of the Hid-Atlantic Ridge after Vogt and Ostenso (1966). 

**Dredged froru near the crest of the Nid-Atlantic Ridge after Luyendyk &id Melson (1967). 

• 

Q 

2.90 
2.66 

0.38 

0.20 

0.08 

• 
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further state that "if a terrain were initially composed of alternate 

zones of fresh basalts and fresh peridotites, strong anomalies might 

be expected over the former. If this region then underwent low-grade 

hydrothermal metamorphism, high anomalies would be expected over the 

·former peridotite zones, and minima over the basalt zones." 

The sources of the anomalies with intermediate depths of origin 

are even more conjectural. Considering their depth of origin (averaging 

14 to 15-1/2 km) it would be reasonable to assume that the anomalies 

indicate variations in tl1e magnetic properties of the mantle. However, 

as previously discussed, the depth estimates probably indicate the 

lowest level at which the sources may occur and the possibility does 

exist that the wrong theoretical model was inadvertently chosen for 

comparison. Either situation could cause the actual source depths to be 

shallower than estimated; in which case, the anomalies could be con­

sidered to result from intrusions of mantle-like or mantle-derived 

material into the overlying crustal rock--such as is noted in 

connection with the Molokai Fracture Zone north of Maui (Furumoto and 

Woollard, 1965; Malahoff and Woollard, 1966). Extrapolating this 

further, the anomalies may even be the result of alternate vertical 

zones of (fresh) basalt and (fresh) peridotite, as suggested by the 

work of Luyendyk and Melson . 

Assuming the estimated depths of the deep sources are correct, 

it appears most reasonable to visualize the cause of these low ampli­

tude, long wavelength anomalies in terms of varying elevation of the 
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curie temperature isotherm. Precedence has been established for this 

interpretation in papers by Vacquier ~al . (1951), Nagata ( 1961), and 

Sankar- Narayan (1961) • 
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BATHYMETRY OF THE SCOTIA SEA 

One of the first bathymetric charts to show the general config­

uration of the bottom topography of the Scotia Sea was that published 

by Herdman in 1932. It was based on soundings obtained between 1926 

and 1932 by the ships of the DISCOVERY Conunittee . Maurer and Stocks 

(1933) and Stocks (1937) also published bathymetric charts of the 

area based on soundings obtained during the METEOR expedition . Included 

on these charts are selected soundings from the DISCOVERY cruises and 

from other sources. In 1948, Herdman revised his original chart to 

include all bathymetric data available at that time, compiled mainly 

from the published DISCOVERY and METEOR data but also from hitherto 

unreported DISCOVERY data . The data were corrected by Herdman using 

Matthew's (1939) tables for variations in the average vertical sound 

velocity in sea water. Although other contoured charts of the entire 

region have been publi shed more recently, notably U. S . Naval Hydro ­

graphic Office chart H. 0 . miscellaneous 15 ,254- 11 (1961) and those 

in the Soviet Atlas of Antarctica (Atlas Antarktiki, 1966), Herdman's 

1948 chart appears to remain the most accurate and realistic effort, 

especially in areas where depths are not inferred . 

In 1961 Heezen and Tharp published a physiographic diagram of 

the South Atlantic including the Scotia Sea. Although the diagram 

clearly portrays the regional topography and the complexity of the 

area, relief is often speculative and quite frequently is based on 

extrapolation of trends (Heezen and others, 1959). Recently a portion 

of the Scotia Sea has been contoured in greater detail and with greater 
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precision. Heezen and Johnson (1965) published a new bathymetric 

chart of the South Sandwich Trench, coupled with a comprehensive 

evaluation of discernible topographic features . Careful examination 

of this work reveals lineations and trends previously not portrayed . 

Partly for this reason and partly to furnish an updated and more 

complete bathymetric chart for purposes of comparison with the 

magnetic charts, the entire Scotia Sea was recontoured by the writer 

(Fig. 12) • 

From a review of Fig. 2, it was concluded that bathymetry obtained 

solely from the ELTANIN cruises was insufficient to construct a contour 

chart of the Scotia Sea. However, using Herdman's 1948 chart for 

control in areas where ELTA...~IN data were limited or lacking, re ­

contouring became feasible. The ELTANIN bathymetry, based on acoustic 

depths measured in units of 1/400-second travel time or approximately 

one fathom (Lamont Geological Observatory, 1963-1965), were uncorrected 

for variation in the vertical sound velocity (Heezen and others, 

1959). By superimposing Herdman' s 1948 contours on the plotted 

ELTAl.~IN soundings, adjusting the contours, and adding more detail, 

the ELTANIN data were contoured in meters for the west and central 

Scotia Sea. Following this, metric contours were interpolated and 

traced from Heezen and Johnson's 1965 chart of the South Sandwich 

Trench and the two sections were joined to form a complete bathymetric 

chart of the Scotia Sea. 

Examination of Matthew's tables (1939) shows that the corrections 

applied to the DISCOVERY data were negligible in waters of less than 



Fig. 12. Bathymetry of the Scotia Sea. Contour interval, 1000 
meters; isobaths are also given at the 500-m and 200- m 
depths. 
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3000 meters depth and approximately 2 per cent in waters of greater 

than 5000 meters depth. Consequently, the amount of shift in the 

contours is negligible on the scale on which the bathymetric chart is 

constructed. For this reason the DISCOVERY contours were not changed 

in combining them with the ELTANIN bathymetry . 

Thus, although the resulting chart may lack the desired precision 

because of the corrections applied to the DISCOVERY data or the lack 

of corrections to the ELTANIN data, it does appear to portray lineations 

and regional topographic trends a ccurately and hence to pr.esen t a 

close approximation of the Scotia Sea bathymetry. A chart of higher 

precision must await release and compilation of all recent bathymetric 

information, much of it as yet unpublished. Data from the DISCOVERY 

and METEOR investigations together with data from the sounding tracks 

reported by Griffiths and others (1965), when combined with the data 

from the USNS ELTANIN, may make possible construction of a high reso­

lution chart of the area. 

In Fig. 12, the contour interval in 1000 meters. Additional 

isobaths were added at the 200- and 500-m depths to more clearly 

delineate slopes and shelf areas. The data control is not shown on 

the chart but may be determined by comparing Fig. 12 with Fig. 2, 

Herdman's 1948 chart, and Heezen and Johnson's 1965 chart • 

The morphology of the Scotia Sea has been previously discussed 

in detail by several writers, including Herdman in his 1932 report. 

The most prominent feature of the area is the Scotia Arc consisting 

of: (1) the north Scotia Ridge originating at Tierra del Fuego and 
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i n cluding Isla de los Estados, Burdwood Bank, Shag Rock s, South Georgia, 

and Clerke Rocks; (2) t he South Sandwich Islands and attendant South 

Sandwich Trench; and (3) the south Scotia Ridge, terminating against 

the Antarctic Peninsula and including the South Orkney Islands, 

Elephant and Clarence Islands Group, and the South Shetland Islands. 

It s hould be noted that the Falkland Islands are separated from the 

north Scotia Ridge by t he Falkland Trough north of Burdwood Bank . Of 

lesser prominence yet of considerable interest are: (1) the unnamed 

deeps bordering and contiguous to the Scotia Arc in the western and 

central Scotia Sea; and (2) the North and South Sandwich fracture zones . 

From a study of the bathymetric chart of the Scotia Sea (Fig. 12) 

the following observations have been made: 

1. The deeps bordering the inside of the Scotia Arc in the West 

and Central Scotia basins have the effect of causing the 

axial region of the Scotia Sea to appear relatively high. 

Toward the east, as the entire sea floor rises, these deeps 

gradually termi nate northward southwest of South Georgia 

and southward n ortheast of the South Orkney Islands. 

2. In t he eastern Scotia Basin, the sea floor is elevated and 

becomes progressively so in the direction of t h e South 

Sandwich Islands. To this progressive decrease in ocean 

depth , Heezen and Johnson (1965) drew the analogy of a tilted 

crustal block uplifted in the vicinity of the island arc . 

3 . The arcuate ridges behind and concentric to the South Sandwich 

e Islands, shown in Heezen and Tharp's (1961) physiographic 

• 
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diagram and discussed by Heezen and Johnson, are not as 

clearly discernible in Fig. 12. This may be the result of 

the contour interval chosen, but more likely it is due to 

Heezen and Johnson having had access to more data than did 

the writer. 

4. The South Sandwich Trench abuts against, and appears to be 

e terminated by, the previously mentioned North and South 

• 

• 

• 

• 

• 

• 

• 

Sandwich fracture zones. As was discussed earlier, in the 

residual magnetic anomaly chart, the North Sandwich Fracture 

Zone can be traced considerably farther to the east beyond 

the area of bathymetric expression . This has the effect of 

extending the apparent symmetry of the Scotia Sea eastward 

beyond the South Sandwich Trench • 
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GEOLOGY AND TECTONICS OF THE SCOTIA SEA 

Geology of the Scotia Sea 

The general areal geology of the Scotia Arc has been synthesized 

by Anderson (1965) in his description of the bedrock geology of 

Antarctica . However, in order to facilitate further discussion, the 

geology of the area is briefly reviewed here . 

The North Scotia Ridge from Burdwood Bank to Shag Rocks and 

western South Georgia consists mainly of sediments and low grade 

metasediments with some intercalated tuffs and other volcanic ro cks . 

Localized acidic and basic intrusions are found in eastern South 

Georgia and Clerke Rocks, with the latter described as "granite cut 

by basic dikes" (Anderson, 1965) . 

The South Sandwich Islands are characterized by active volcanism 

and for the most part consist of basic to intermediate lavas ranging 

in composition from olivine basalts to andesites . Formerly, sediments 

or metasediments were thought to crop out on Freezeland Rock (one of 

the southernmost islands of the South Sandwich Group), but W. 

Seelig (personal communication) has reported an observation by V. Fuchs 

that he found no rocks of sedimentary origin there . Gass and others 

(1963) reported that floating pumice rafts were observed in the vicinity 

of the South Sandwich Islands. It was suggested that the pumice 

originated from an explosive eruption of a seamount on the northwest ­

ward continuation of the island arc, on the basis of a nearly contempor­

aneous earthquake with an epicenter located at 55.9°S and 27.9°W . The 

pumice was described as rhyolitic or rhyodacitic in composition and, 

if the source is correctly located, represents the most acidic rocks so 
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fur described from the area • 

The South Scotia Ridge is characterized by a greater vv.riat.ion 

in lithology tlan is true of the northern ridge. The rock types 

r ange frou graywackes and schists cut by dikes of olivine dolerite in 

the South Or ney Islands ( tow.:ird the eastern end of the South Scotia 

Ridge) to a conglomeration of acidic and basic extrusivea and intru­

sive overlying and intersecting a varied sedimentary and metasedi-

• tary sequence in tle South Shetland Iolande (at the western extremity 

of the ridge) . An ultrabasic mass comprised of dunite- serpentinite, 

largely altered to serpentine ochist, is reported (Matthews, lY59) 

to underlie the schists of Cibbs !eland within the Elephant and 

Clarence Islande Group • 

In gener l, e rocks of bot' the orth and South Scotia ridges 

consi£t predominately of volcl.lllic-d.crived sediments (graywackec and 

r::udstones intercalated with tuff e) and are considered by sooe i=.vesti­

gators of the Scotia Sea as typical of a eugeosynclinal ~nviro~.ment 

of depooition. Frequently, the rocks are altered to slates and schiots 

by lo-~-renk regional metamorphism. Also in association are extrusive 

nd intrusive igneous rocks, usually acid to intermediate in composition . 

The above litlologiea together t-1ith tha rock suites from the 'orth 

Scotia Ridge are referred to by many writers as being continental 

rather than oceanic, and as having Andean affinities . Little infor­

mation is available about the ocean floor in the Scotia Sea . Limited 

dre<lgings aud some of the bottom photographs studied by Goodell 

(undated ms . ) indicate that the surface of Sars Bank in the West 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

62. 

Scotia Basin "is often pebbly with basalt" and that "outcrops of what 

appear to be jointed lava flows 11 occur at 3100 fathoms on the walls of 

the South Sandwich Trench. Although dredging and bottom photography 

presently furnish the only direct means of observing the Scotia Sea 

lithologies within the deep water, it is important to be aware that 

ice-rafted erratic pebbles, cobbles, and boulders may be superimposed 

on the primary sediment type (Goodell, undated ms.) • 

The hypothetical stratigraphic succession and geologic history 

of the region determined from Adie (1962) and Ford (1964) is shown 

in Table III. Although the correlations are only tenuous, the chart 

does furnish theoretical guidelines to be verified or refuted by the 

accumulated geological and geophysical data. 

The structural elements of the region also provide a basis for 

considerable speculation. Like the lithologies, they appear to have 

Andean affinities. In general, the regional struc~ure is dominated 

by fold belts or a succession of fold belts paralleling the axes 

of the North and South Scotia ridges and consequently the structure 

of Tierra del Fuego and the Antarctic Peninsula also. Ford (1964) 

in his review of Antarctic geology presents two interpreta~ions: 

one after Hamilton (1963) which assigns a Cretaceous age to the 

folding, and the other after Fairbridge (1952), which dates the folds 

as Mesozoic and Tertiary . 

Structure from Seismic Refraction and Reflection Meas urements 

Seismic refraction investigations in the Scotia Sea have been 

reported by Ewing and Ewing (1959). The results of these 
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investigations (~ig . 13) indicate a very thick, low velocity section 

for the North Scotia Ridge south of the Falkland Trough. Farther 

to the south, near the axial region of the Scotia Sea in the Wes t 

Scotia Basin, the crust appears to be of normal oceanic type. To 

the east, in the shallower parts of the Scotia Sea (East Scotia Basin), 

the structure appears to differ from both continental and oceanic 

types. It is problematical that either an intermediate layer is 

present here between the normal crustal layer and the mantle, or else 

that a velocity gradient is causing the velocity to reach 7.5 km/sec 

near the M discontinuity (Ewing and Ewing, 1959). Consequently, 

resemblance in structure was noted between the shallow parts of the 

Caribbean and those of the East Scotia Basin, accentuated by the 

observed similarity between the structure of the Lesser Antilles and 

that of the South Sandwich Ar c where "the crustal layer is arched up 

along the island arc and deeply depressed under the trench" (Ewing 

and Ewing, 1959). 

Griffiths and others also have reported seismic refraction 

measurements in the Scotia Sea. Interpretation of the structure of 

the Bransfield Strait (Fig. 8) was partly based on these data. Here 

the mantle, represented by high density material (3.27 g/cm3), is 

depressed to a depth of more than 30 km under the Antarctic Peninsula. 

Near the South Shetlai.1d Islands a dense (3.1 g/cm3
) high velocity 

(7 .4 km/sec) layer, possibly derived from the mantle, rises to within 

at least 8 km of sea level and perhaps even to within 5 km of sea 

level under the islands themselves. This rise of dense material under 

i . 



Fig. 13. Crustal sections of the Scotia Sea, after Ewing and Ewing 
(1959). 
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the South Scotia Ridge--considered to be basic igneous rock by 

Griffiths and others--could easily extend along the length of the 

South Scotia Ridge, and, if so, would account for both the afore -

66. 

mentioned magnetic configuration and the reported presence of ultra-

basic rocks in the basement complex. 

Reflection profiling in the Scotia Sea reported by Heezen and 

Johnson (1965), has revealed a thick (1 km) sedimentary sequence in 

the concavity behind the South Sandwich Arc, in effect smoothing 

the bottom topography through burial of basement relief. One might 

speculate here and attempt to explain the acidic to intermediate 

nature of the volcanism in the South Sandwich Islands and contiguous 

East Scotia Basin as the consequence of melting and absorption of 

part of the sedimentary section during igneous intrusion. Such 

acidic to intermediate volcanism, coupled with basic intrusion 

(diking), could also explain the high magnetization contrasts which 

characterize the numerous magnetic anomalies in the area. 

Correlation with Gravity Anomalies 

An interesting pattern is immediately discernible in the gravity 

values reported by Griffiths and others (1965) from the Scotia Sea. 

Bouguer gravity anomaly values are low (O - +30 mgal) over the Antarctic 

Peninsula--as would be expected from a continental section more or 

less in isostatic equilibrium. However, to the north, across the 

Bran.sfield Strait, a Bouguer anomaly high (approximately +130 mgal) 

is encountered over the South Shetland Islands. Eastward along the 

South Scotia Ridge the Bouguer anomaly values increase in magnitude 
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with a maximum of +182 mgal occurring on Gibbs Island, thereafter 

decreasing slightly in va lue over the South Orkney Islands. Signifi­

cantly, the only reported ultrabasic rocks occurring along the South 

Scotia Ridge crop out on Gibbs Island, where they underlie the schists 

described as comprising the basement complex of the South Scotia 

Ridge. 

The above relationship also lends credence to the extrapolation 

of the structure of the Bransfield Strait eastward along the South 

Scotia Ridge based on the interpretation of the magnetic anomaly 

configuration as previously discussed. This would also suggest the 

presence of a core of dense ultrabasic rocks within the full length 

of the South Scotia Ridge . 

Gravity measurements over the South Sandwich Islands reported 

by Griffiths and others (1965) also seem to substantiate the inter­

pretation of the seismic refraction profiles of Ewing and Ewing 

(1959). Here the presence of high Bouguer anomaly values (greater 

than +200 mgal) support their contention that a high-velocity (dense) 

crustal layer is "arched up" under the South Sandwich Islands • 

Bouguer anomaly values similar to those reported from the South 

Shetland Islands were also reported to occur in South Georgia. Clerke 

Rocks is the site of the highest Bouguer anomaly (+196 mgal) listed 

by Griffiths and others (1965) for the North Scotia Ridge. Again, 

this may be the result of the presence of a dense island core, as 

postulated for the South Scotia Ridge, but also it could be explained 

by postulating that a subcrustal structural extension of the South 
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Sandwich Island Arc occurs there • 

To the west of South Georgia a transition must occur, with the 

dense ridge core--if it is present--being replaced by the low-velocity 

"sedimentary" section previously discussed as characteristic of 

Burdwood Bank--which is also suggested by the magnetic anomaly 

pattern over the area • 

Seismicity of the Scotia Sea 

An earthquake epicenter chart (Fig. 14) was constructed from 

data culled from the International Seismological Summary (I.S.S.) 

from 1936 to 1960 and from the United States Coast and Geodetic 

Survey Seismological Bulletin from 1960 to 1967. With the start of 

determining earthquake epicenters by computer in 1956, source locations 

have become more precise and hence are distinguished in Fig. 14 from 

those determined prior to that time. U.S.C.&G.S. data for the time 

since 1960 were readily accessible and contained a greater number 

of earthquakes analyses than the I.S.S. data. For this reason, and 

because of the availability of the IBM card format, U.S.C.&G.S. data 

have been used from 1960 on • 

With the advent of the International Geophysical Year in 1957 

and of project VELA UNIFORM, a greater density of recording stations 

was achieved in areas surrounding the Scotia Sea. Increased instru­

ment sensitivity during the same period, coupled with the aforemen­

tioned higher station density and computer analysis, allowed greater 

precision in the determination of earthquake epicenters, focal depth, 



Fig. 14. Seismicity of the Scotia Sea. Open squares are earthquake 
epicenters for 1936- 1960, as reported in the I.S.S.; solid 
squares are earthquake epicenters for 1960- 1964, as 
reported in the I.S.S.; solid circles are shallow- focus 
epicenters for 1964- 196 7, as reported by the U. S. C.&G . S . ; 
and solid triangles are intermediate- fo cus epicenter s 
for 1964- 1967, as reported by the U. S .C. &G .S. 
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and magnitude. Recently Sykes (1963) has further improved the 

precision of the determination of the above parameters . 

70 . 

The chart in Fig. 14 differs from the charts of previous writers, 

such as Gutenberg and Richter (1954) and Heezen and Johnson (1965), 

in that it includes more events. No attempt was made to recalculate 

the epicenters as Sykes (1963) has done . More precise determinations 

are beyond the scope of this paper . 

Correlation is observed in Fig . 14 between earthquake activity 

in the Scotia Sea and structures previously discussed . As indicated 

by other writers, the volcanically active region (South Sandwich 

Arc) is also an area of high seismicity . Although the earthquake 

data do not clearly demonstrate that intermediate focal depths are 

confined to a zone under the Island arc--which Sykes and Ewing (1965) 

have shown to be the case in the Caribbean and in other areas--the 

data do suggest this probability. Interestingly enough, there is a 

possible correlation between the occurrence of earthquakes and the 

eastward extension of the South Sandwich Fracture Zone. Similarly, 

to the north, there also seems to be a concentration of earthquake 

activity at the intersection of the North Sandwich Fracture Zone and 

the South Sandwich Arc. 

Although earthquake epicenter determinations may be too sparse 

and too imprecisely determined behind the active arc in the East and 

West Scotia basins to afford much more than speculation, there appears 

to be a slight concentration of events within the Drake Passage . This 

may be significant, considering the previous discussions of magnetic 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

71. 

lineations and bathymetry, and may have implications on the interpre­

tation of the tectonic framework of the region • 
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TECTONIC FRAMEWORK OF THE SCOTIA SEA-­

CONCLUDING REMARKS 

It was stated earlier that the most striking aspect of the 

residual magnetic field chart (Fig . 6) and of the bipole trend chart 

(Fig. 7) is the convergence of magnetic anomaly lineations within 

the Drake Passage. This, together with the parallel alignment of 

anomaly trends with the Scotia Ridge, f orms the basis for some 

intriguing speculation . In the light of re cent interest in sea- floor 

spreading--resulting from the work of Hess (1962), Vine and Matthews 

(1963), and other workers --two alternative the oretical explanations 

are offered as a cause of the magnetic anomaly pattern in the Sc otia 

Sea. 

1 . Possible structural distortion and bending of former north­

south anomalies asso ciated with and originating f rom the East Pacific 

Rise and resulting from the plastic flow and migration of Pacifi c 

crust into the Scotia Sea . In this case, an attempt shoul be made 

to explain the apparent absence of magnetic anomaly reversals. One 

possible explanation would be that the formation of the source for 

the anomalies occurred during a period when no reversals of the earth's 

field took place--a conclusion which appears somewhat tenuous, at 

least in the light of recent studies elsewhere . 

2. The formation of east - west shear zones, likewise resulting 

from the migration of Pacific crust into the Scotia Sea . In this 

situation the residual magnetic anomaly pattern would be caused by 

subsequent intrusion and diking within the z ones of shear, or from 

the effects of crustal distortion resulting from f olding and buckling 
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of a thin ocea..<ic crust moving past thick continental salients (Tierra 

del Fuego and the Antarctic Peninsula) as suggested by Woollard (in 

press). 

Both of these hypotheses appear to explain equally well the 

anomaly pattern within the confines of the Scotia Sea. However, pre­

requisite to both hypotheses is an eastward flow of Pacific crust into 

the south Atlantic; i.e., the Scotia Sea. This idea is not new, having 

originally been hinted at by Barrow (1831), and recently speculated on 

by Woollard (in press), who suggests "that the Scotia Arc results from 

localized crustal migration induced by subcrustal flow in the mantle," 

without speculating on the mechanism responsible for subcrustal flow. 

The morphology of the Scotia basins expressed in the bathymetric chart 

of the Scotia Sea (Fig. 11) together with the seismic refraction results 

of Ewing and Ewing (1959) tend to confirm Woollard's speculation. The 

existence of the Scotia Arc and South Sandwich Trench adds further 

impetus to the idea when examined in the light of Wilson's (1954) 

theoretical cross-section of a typical active - island- arc, trench 

system. This idea is even further substantiated by Sykes (1963) and 

Sykes and Ewing (1965) detailing the attitude of the fault plane 

dipping under arcs from the trench sides in both the Pacific and 

Carribbean (the analogy of which is valid for the crustal and upper 

mantle section even though deep- focus earthquakes are not known to 

occur in the Scotia Arc) . Furthermore, the presence of forerunning 

eastward extensions of the North and South Sandwich fracture zones may 

be evidence for an effective channeling of the crust beneath the Scotia 

Sea during its eastward thrust into the Atlantic • 
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