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A, Eastern Ellsworth Land C, Eastern Sweeney Mountains
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F1GURE 15.—Contoured equal-area projections of poles to joint surfaces in folded layered rocks of the Latady Formation for the six areas
shown on figure 3. Successive contours are at 2, 4, and 6 percent of poles per 1 percent area. N is number of observations.

F1GURE 16.—Contoured equal-area projections of poles to joint surfaces in massive rhyodacite porphyry and layered volcanic rocks of the
Mount Poster Formation for three of the six areas shown on figure 3. A, eastern Ellsworth Land; B, western Sweeney Mountains; C,
eastern Sweeney Mountains. Successive contours are at 2 and 4 percent of poles per 1 percent area. N is number of observations.
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(fig. 15). Quartz also locally infills slaty cleavage (S;)
planes, and irregular quartz-filled fractures are more
densely grouped in the hinge zone of some folds, indi-
cating that at least some mineralization is synchronous
with or postdates folding.

STRUCTURES OF THE LASSITER COAST
INTRUSIVE SUITE

JOINTS

Joint directions in plutonic rocks of the Lassiter Coast
Intrusive Suite (Vennum and Rowley, 1986) in the
Orville Coast (fig. 18B), excluding data from eastern
Ellsworth Land (area A of fig. 3), are almost randomly
oriented, except for a slight preference towards being
vertical. However, although joint directions in the
107-Ma (Halpern, 1967; age corrected for new decay
constants of Steiger and Jager, 1977) Merrick Moun-
tains diorite of eastern Ellsworth Land (Vennum and
Laudon, 1988) (fig. 18A) are scattered, they do suggest
a preferred joint orientation of about N. 20° W.

In contrast to the general lack of preferred orienta-
tion of joints in plutonic rocks of the Orville Coast, joint
orientations in rocks of the same plutonic suite in the
Lassiter Coast are strongly oriented parallel to the
regional extension-joint direction (Kellogg and Rowley,
1974; unpub. data). This preferred orientation in the
Lassiter Coast area is particularly well defined by
open joints that contain iron-oxide minerals (probably
formerly pyrite), chlorite, and quartz. Joints of this
orientation are probably the conduits through which

F1GURE 17.—Contoured equal-area projection
of poles to quartz-filled fractures in sedimen-
tary rocks of the Latady Formation, Orville
Coast (combined plot of data for areas B-F
of fig. 3); no data were gathered for eastern
Ellsworth Land (area A of fig. 3), although
quartz-filled fractures are common there.
Successive contours are at 2 and 4 percent
of poles per 1 percent area. N is number of
observations.

hydrothermal fluids ascended during formation of cop-
per occurrences in the Copper Nunataks of the Lassiter
Coast (Rowley and others, 1977) and the Sky-Hi
Nunataks and Merrick Mountains of eastern Ellsworth
Land (Rowley and others, 1988) (fig. 3).

The fact that joint orientations are better defined in
plutonic rocks of the Lassiter Coast than in similar-age

FIGURE 18.—Contoured equal-area projections of poles to joint surfaces in A, Merrick Moun-
tains diorite stock, eastern Ellsworth Land (area A of fig. 3) and B, all stocks of the Or-
ville Coast (combined plot of data for areas B-F of fig. 3). Successive contours are at 2
and 4 percent of poles per 1 percent area. N is number of observations.
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(Pankhurst and Rowley, in press) rocks of the Orville
Coast suggests that cross-peninsular compression,
culminating during the Palmer Land deformational
event, lingered longer in the Lassiter Coast than in the
Orville Coast.

DIKES

Basaltic to rhyolitic dikes of the Lassiter Coast In-
trusive Suite cut both plutons and surrounding sedi-
mentary and volcanic rocks throughout the Orville
Coast and eastern Ellsworth Land. K-Ar ages from the
Lassiter Coast (Mehnert and others, 1975) and crosscut-
ting relationships indicate that the dikes are related to
late stages of pluton emplacement, which occurred
about 100 Ma. This age is supported by paleomagnetic
data from the Lassiter Coast (Kellogg, 1980), where
dikes similar in composition to those of the Orville Coast
and eastern Ellsworth Land have almost identical
paleomagnetic directions to those for the approximately
100-Ma plutonic rocks of the Lassiter Coast. Undated
aplite and subordinate pegmatite dikes, related to late
plutonic activity, cut plutons with random orientations
(data not shown).

Dike orientations in the Orville Coast and eastern
Ellsworth Land (fig. 19) suggest an extension direction
that is considerably different from that indicated from
joints in sedimentary rocks from the same area (fig. 15).
Most dikes, of which more than half (44 of 77 observa-
tions) are in eastern Ellsworth Land (area A of fig. 3),

FIGURE 19.—Contoured equal-area projection
of poles to dike orientations, Orville Coast
and eastern Ellsworth Land (combined plot
of data for areas A-F of fig. 3). More than
half of dike orientations (44 of 77) are from
eastern Ellsworth Land (area A of fig. 3).
Successive contours are at 2 and 4 percent
of poles per 1 percent area. N is number of
observations.

are vertical and strike north-northwest, reflecting east-
northeast extension. Joint directions in sedimentary
rocks from eastern Ellsworth Land suggest west-
northwest extension during folding (fig. 15A4). This large
difference in extension direction probably reflects a
change in the principal stress trajectories between the
time the Palmer Land deformational event culminated
and the time the dikes intruded; that is, between
sometime in the Early Cretaceous (140-120 Ma?) and
about 100 Ma. This change in the stress trajectories
may have been from a state of pure shear during cross-
peninsular compression to one of right-lateral simple
shear induced by early movement along a large, north-
west-trending, right-lateral fault system (Ellsworth
fault of Ford, 1972), which may bound the southern
margin of the peninsula (see section entitled ‘“Southern
tectonic boundary of the Orville Coast”). In eastern
Ellsworth Land, the fault system would have produced
north- to north-northwest-oriented extension planes
along which dikes intruded.

HIGH-ANGLE FAULTS

Numerous high-angle faults of small displacement
were observed cutting the Latady Formation in the Or-
ville Coast and eastern Ellsworth Land (figs. 8 and 20).
In contrast, high-angle faults were rarely seen in the
Lassiter Coast to the north, although high-angle faults

N
15?

|
Number of
observations

S

FIGURE 20.—Rose diagram of strike directions of all observed high-
angle faults cutting the Latady Formation in the Orville Coast and
eastern Ellsworth Land. Of 69 observations, 15 are from Laudon
and others (1970).
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oriented parallel to the extension-joint direction and
associated with hydrothermally altered and copper-
mineralized rocks were mapped in the Copper Nunataks
of the Lassiter Coast (Rowley and others, 1977). High-
angle faults cutting sedimentary rocks in the Orville
Coast and eastern Ellsworth Land show as much as
several tens of meters of apparent strike-slip movement
where displacement could be measured. The predomi-
nant strike direction for faults throughout the Orville
Coast and eastern Ellsworth Land is about N. 70° W.
(Kellogg and Rowley, in press) (fig. 20), although a
smaller group of fault orientations occurs at about right
angles to the larger set. In the predominant set, 14 of
69 faults show discernible offset in an apparent right-
lateral sense; three others show apparent left-lateral off-
set. These relationships suggest a regional right-lateral
shear regime along west-northwest trends.

PALEOMAGNETIC EVIDENCE FOR
RELATIVE ROTATION ABOUT
VERTICAL AXES IN THE SWEENEY
AND HAUBERG MOUNTAINS

The paleomagnetic declinations from middle Creta-
ceous plutons in the Orville Coast and eastern Ellsworth
Land are rotated clockwise by an average of 50° relative
to the paleomagnetic direction from coeval plutons in
the Lassiter Coast (Kellogg, 1980). Rotation of the
Orville Coast and eastern Ellsworth Land poles was
thought to be due to drag along the right-lateral
Ellsworth fault of Ford (1972)—the Ellsworth fault
system of this report—which may bound the southern
Antarctic Peninsula (see section entitled ‘‘Southern
tectonic boundary of the Orville Coast”).

The suggestion that paleomagnetic vectors were
rotated by drag along the Ellsworth fault system
(Kellogg, 1980) was challenged by Watts and others
(1984). They contended that the difference in direction
between middle Cretaceous plutonic rocks of the
Lassiter Coast and plutonic rocks from the Orville Coast
and eastern Ellsworth Land was due to apparent polar
wander rather than to tectonic rotation. This conten-
tion was based on an overly literal interpretation of
geochronologic data of Kellogg (1980); these data were
used to infer that the studied rocks of the Orville Coast
and eastern Ellsworth Land were about 8 m.y. older
than other (‘“‘unrotated”’) intrusive rocks in the southern
part of the peninsula. We feel, however, that the avail-
able geochronologic data do not support this conclusion.

Table 1 presents previously published and new paleo-
magnetic and geochronologic data for the Behrendt and
Merrick Mountains; table 2 summarizes all of the

paleomagnetic and geochronologic data for middle
Cretaceous rocks from the Antarctic Peninsula. These
data point to two major conclusions. Firstly, uncertain-
ties in K-Ar and Rb-Sr dates (Halpern, 1967; Farrar
and others, 1982; Pankhurst and Rowley, in press) of
plutons sampled for paleomagnetic study do not sup-
port the notion that ages are significantly different be-
tween the plutonic rocks of the Orville Coast and
eastern Ellsworth Land and other middle Cretaceous
plutons with ‘“unrotated” declinations. Secondly, it
appears that all plutons with clockwise-rotated paleo-
magnetic declinations are in the Sweeney and Hauberg
Mountains; paleomagnetic directions from eastern
Ellsworth Land are not significantly different from
“unrotated” localities farther north on the peninsula
(table 2). This implies, therefore, that oroclinal bending
occurred only in the Orville Coast.

A late Early Cretaceous (110-95 Ma) paleomagnetic
pole is well established from numerous localities on the
Lassiter Coast (Kellogg and Reynolds, 1978) (table 2 and
point LC on fig. 21). A 111- to 104-Ma pole is also deter-
mined for the Shetland Islands from the data of Watts
and others (1984) (table 2 and point Sl on fig. 21) and
is in close agreement with the Lassiter Coast pole.

The only dated plutons from the Orville Coast are
from the Sweeney Mountains. They yield a K-Ar age
on biotite of 107+4 Ma from the granite of Mount
Smart (Rowley and others, 1988), a Rb-Sr age of
104+11 Ma from the Mount Edwards pluton (Pank-
hurst and Rowley, in press), and a Rb-Sr age of 112.6+
1.2 Ma from the diorite of Hagerty Peak (Pankhurst and
Rowley, in press). The combined mean paleomagnetic
pole from 113- to 104-Ma plutons of the Sweeney
Mountains (Kellogg, 1980; localities Kel0l (Mount
Smart), Kel54 and L31 (Mount Edwards), and Kel58
(Hagerty Peak)) is lat 60° S., long 177° W. (ag5 (the
semiangle of the cone of 95-percent confidence)=9°, cal-
culated from site-mean directions). Although plutons
and dikes of the Hauberg Mountains are undated,
paleomagnetic results from these rocks are similar to
those from the Sweeney Mountains; the mean pole from
three localities in the Hauberg Mountains (Kellogg,
1980; localities Kel27, C15, and Ro410) is lat 71° S.,
long 134°W. (ag5=7°). Eleven dated and undated
localities (72 samples) from the Sweeney and Hauberg
Mountains give a mean pole of lat 65° S., long 165° W.
(Agj (the semiangle of the cone of 95-percent confidence
about the virtual geomagnetic pole) = 9°), which is not
significantly different from the pole determined from
dated plutons. The combined pole from the 11 localities
of the Sweeney and Hauberg Mountains is shown on
figure 21 (point labeled SH).

Dated and undated paleomagnetic rocks from the
Behrendt and Merrick Mountains of eastern Ellsworth
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Peninsula, so it seems plausible that the effects of the
Rangitata orogeny may have extended as far as the
southern peninsula. Early Cretaceous deformation does,
in fact, decrease northward along the peninsula, gener-
ally away from Marie Byrd Land; in the northern penin-
sula, there is little evidence for deformation of this age
(Thomson and Pankhurst, 1983).

Secondly, the Palmer Land deformational event may
have been due to collision of the Antarctic Peninsula
magmatic arc with a block of continental lithosphere
containing the Haag Nunataks (fig. 24) that now lies
to the south of the Antarctic Peninsula (Rowley and
others, 1983); the Haag Nunataks are underlain by
Precanibrian gneiss, clearly of continental affinity (Gar-
rett and others, 1987). Although such a collision should
thicken the crust, gravity and magnetic modeling in-
dicate that the crust is not significantly thickened
across the region to the south of the Orville Coast
(Behrendt, 1964). There is a sharp magnetic lineament,
however, aligned northwest along and parallel to the
Evans Ice Stream (fig. 24). The magnetic lineament
separates a southwestern area of sharp, short-
wavelength anomalies, apparently underlain by dike-
injected Precambrian crust, from a northeastern area
of subdued, longer wavelength anomalies (Garrett, in
press), and could be an expression of a major crustal
suture.

Thirdly (and favored by us), the folds and thrusts of
the southern Antarctic Pensula may be part of a fold-
and-thrust belt, such as formed elsewhere in the world
(for example, Boyer and Elliott, 1982), although ob-
served thrusts are minor and rare in the Orville Coast.
The style of folding suggests approximately 50 percent
horizontal shortening of the Latady Formation. As
geophysical evidence indicates that the crust under the
region has not been thickened (Behrendt, 1964), it seems
unlikely that the entire lithosphere has been similarly
shortened. The only reasonable way to account for
horizontal shortening of the Latady Formation is to
have a regional décollement underlying the region.
Thrust imbricates would overlie such a décollement, so
their presence also seems likely.

Foreland folding and thrusting may be due to gravita-
tional spreading of thrust sheets off crust thickened and
isostatically elevated by arc magmatism during lengthy
subduction (Hamilton, 1985). Spreading does not in-
volve crustal compression or horizontal shortening of
the middle or lower crust, as might occur during a col-
lisional event, although compression would be expected
in the gravitationally spreading upper crustal rocks.
Spreading involves the development of a regional
décollement, above which thrust splays imbricate rock
sequences. Displacement along the décollement in-
creases toward the axis of the arc, eventually disappear-
ing into a zone of plastic deformation at middle crustal

levels. The few possible thrusts observed in the
Hauberg and Wilkins Mountains would, therefore, be
part of a system of larger, probably mostly hidden
thrusts that may exist in the region.

LASSITER COAST INTRUSIVE SUITE

Compression across the Antarctic Peninsula waned
after the Palmer Land deformational event but con-
tinued weakly until at least 100-95 Ma during emplace-
ment of the Lassiter Coast Intrusive Suite. Plutons of
the suite lie in a belt parallel to the axis of the penin-
sula, southeast and south of the axis of inferred Mid-
dle to Late Jurassic arc volcanism (Vennum and
Rowley, 1986). This more southeasterly position may
be due to migration with time of the axis of magmatic
activity toward the back-arc basin; this in turn is prob-
ably related to the Cretaceous episode of world-wide
rapid sea-floor spreading and a flattening of the sub-
ducting slab beneath the Pacific side of the Antarctic
Peninsula (Larson and Pitman, 1972). The plutons prob-
ably lie above the approximately 100-km-deep position
of the subducting slab, where partial melting results
from increased water produced by dehydration reac-
tions (Hamilton, 1981).

SOUTHERN TECTONIC BOUNDARY OF THE
ORVILLE COAST

Geologic and geophysical features in the mostly ice-
covered region south of the Orville Coast and north of
the Ellsworth Mountains suggest that the Latady basin
was bounded on its south side by extended crust of the
Gondwana craton. The southern tectonic margin of the
Antarctic Peninsula forms a 1-km-high, sub-ice,
dissected escarpment, down to the south, approximate-
ly parallel to and about 10 km south of the Orville Coast
shoreline (Bentley and Clough, 1972; Garrett and
others, 1987). South of this escarpment, graben-like
structures between the Orville Coast and the Ellsworth
Mountains have been noted by numerous investigators
(Masolov and others, 1981; Doake and others, 1983;
Garrett and others, 1987). Storey (in press) used the
term ‘‘chocolate-tablet boudinage” to describe such
regions in West Antarctica that consist of extended and
transcurrently faulted, crustally thinned zones sur-
rounding thicker, undeformed crustal blocks.

The prominent escarpment along the Orville Coast
shoreline probably represents a major rifted margin
that may be the locus of at least some strike-slip move-
ment associated with the Ellsworth fault system. Small,
high-angle faults noted in the Orville Coast and eastern
Ellsworth Land (fig. 20) cut both sedimentary and
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plutonic rocks and are approximately parallel to and
have the same sense of right-lateral movement as the
Ellsworth fault system. For these reasons, Kellogg and
Rowley (in press) suggested that these small faults may
be satellitic to the Ellsworth fault system. Kellogg and
Rowley (in press) also suggested that the Ellsworth fault
system may be a right-lateral continuation of the Tharp
fracture zone (fig. 24) (Barker, 1982), which formed about
85 Ma during the initial rifting of the Campbell Plateau
margin of the New Zealand block away from Marie Byrd
Land; movement along the Tharp fracture zone ceased
about 50 Ma when the Aluk-West Antarctic ridge in-
tersected the subduction zone (Barker, 1982). Herron
and Tucholke (1976) had also proposed that a right-
lateral transform south of the Antarctic Peninsula was
continuous with an unnamed transform fault that off-
sets the Aluk-West Antarctic ridge.

The major north-northwest-trending magnetic discon-
tinuity along the west side of Evans Ice Stream also
marks a 1-km-high sub-ice escarpment that may be a
boundary between extended Precambrian crust to the
southwest, similar to that found at Haag Nunataks
(Garrett and others, 1987), and a thick sequence of
sedimentary rocks of the Latady basin to the northeast.
This prominent magnetic boundary is in contrast to the
very subdued anomalies associated with the major topo-
graphic escarpment along the Orville Coast shoreline.
The magnetic and topographic boundary may be an ex-
pression of a prominent strand of the Ellsworth fault
system (fig. 24).

Strike-slip movement along the Ellsworth fault sys-
tem could not have been large. Paleomagnetic data
indicate that the Antarctic Peninsula has remained es-
sentially fixed relative to East Antarctica since middle
Cretaceous time (Watts and other, 1984). Furthermore,
the Antarctic Peninsula and the part of Ellsworth Land
to the south have remained fixed, within the limits of
uncertainty of the paleomagnetic data at the 95-percent
confidence level, since the Middle Jurassic (Longshaw
and Griffiths, 1983; Grunow and others, 1987).

Drag along the Ellsworth fault system may be re-
sponsible for clockwise rotations of paleomagnetic vec-
tors by as much as about 60° in the Sweeney and
Hauberg Mountains. The rotation mechanism may have
been ductile (oroclinal bending), brittle (fault-block
movements), or some combination of the two.

TERTIARY EXTENSION: UPLIFT, BLOCK
FAULTING, AND ALKALIC VOLCANISM

Laudon (1972, p. 220) inferred that a lower Tertiary
erosion surface in the southern Antarctic Peninsula and
eastern Ellsworth Land was ‘“arched, or tilted and

disrupted by block faulting in the late Tertiary.”
Although the higher elevations toward the axis of the
peninsula (as much as 3,000 m above sea level) and the
existence of deep, linear, ice-filled basins (Behrendt,
1964) indicate that arching and block faulting have oc-
curred in this area, the existence of an Upper Cretaceous
or lower Tertiary erosion surface has yet to be
demonstrated.

The trends in both the shape and structural fabric of
McCaw Ridge and the Hauberg, Wilkins, and Sweeney
Mountains are parallel to the coastline. Seismic-
reflection and gravity data define rough sub-ice topog-
raphy, including valleys nearly 1,000 m below sea level
(Behrendt, 1964). High-angle faults parallel to the struc-
tural fabric have not been seen, although the presence
of upper Tertiary alkalic olivine basalt in the Merrick
Mountains (dated at 6 Ma; Halpern, 1971) and Henry
Nunataks (Rowley and others, in press) indicates that
the southern Antarctic Peninsula marks the eastern
limit of a zone of rift-related volcanism that extends
across West Antarctica from Marie Byrd Land
(LeMasurier and Wade, 1976).

CONCLUSIONS

The structural features of the Orville Coast and
eastern Ellsworth Land are consistent with the follow-
ing concepts:

1. The Latady Formation was deposited in a back-arc
basin behind a Middle and Late Jurassic magmatic
arc.

2. The Latady basin, at the time of its formation, was
(and still is) backed to the south and east by
crystalline crust that is as old as Precambrian.

3. A Late Jurassic to Early Cretaceous period of folding
and thrust faulting (Palmer Land deformational
event) may be related to gravitational spreading
toward the back arc of an elevated crust thickened
by a developing magmatic arc. Gravitational
spreading involved the development of a regional
décollement. Alternatively, deformation may have
been due to collision of the Antarctic Peninsula
magmatic arc with a continental block. Two
possibilities for such an arc-continent collision are
(a) the convergence of crustal blocks that might
have caused the Rangitata orogeny of New
Zealand at the time that New Zealand was still
attached to Antarctica, or (b) the collision of
the southern Antarctic Peninsula with a crustal
block to the south of the present Orville Coast.
Collision involved lithospheric shortening with-
out necessarily the development of a regional
décollement.
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4. Stresses across the Antarctic Peninsula associated
with the Palmer Land deformational event lingered
until at least 100-95 Ma during the intrusion of
plutons of the Lassiter Coast Intrusive Suite.

5. Copper mineralization, such as found in the Sky-Hi
Nunataks, is probably related to hydrothermal
fluids, generated during late stages of plutonism,
that ascended fractures parallel to the extension-
joint direction, perpendicular to fold axes, in the
Latady Formation.

6. The southern Antarctic Peninsula is bounded on the
east by a north-trending, right-lateral transform
fault, the Weddell fault system, which is part of
the Transantarctic rift system of Schmidt and Row-
ley (1986). The fault was active during opening of
the Weddell Sea basin, starting about 165 Ma.

7. Small-displacement, high-angle faults are approx-
imately parallel to a right-lateral transform, the
Ellsworth fault system, which lies along the south
edge of the peninsula. The Ellsworth fault system
may be a continuation of the Tharp fracture zone
in the southeast Pacific, which ceased activity
about 50 Ma when the Aluk-West Antarctic
spreading center intersected the trench on the
Pacific side of the peninsula.

8. The origin of the eastern Ellsworth Land orocline may
be due, at least in part, to drag along the right-
lateral Ellsworth fault system, an idea supported
by about 60° clockwise rotation of paleomagnetic
directions from the Sweeney and Hauberg Moun-
tains. The rotation mechanism is unknown, but
may have been by ductile bending, fault-block rota-
tion, or a combination of the two.

9. The formation of an Upper Cretaceous or lower Ter-
tiary erosion surface across the southern peninsula
remains equivocal, although it appears that the
region was arched and block faulted. The axis of
the arch and the strike of major, sub-ice faults
bounding tectonic blocks are both parallel to the
shape of the peninsula.

10. The alkalic nature of upper Tertiary olivine-phyric
basaltic lava flows in the Merrick Mountains and
Henry Nunataks reflects development of the
eastern end of a rift system that extends into
Marie Byrd Land.
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