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View of the Transantarctic Mountains to the northwest from the summit of Mt. Griffith (3095 m, lat 85°53'S, long 155°30"
rock of the Ross orogen. The dark cliffs of Breyer Mesa in the background are topped by an exhumed part of the mid-P
the Ross orogeny. On the skyline is the Rawson Plateau, containing late Paleozoic to Triassic sedimentary rocks of the B
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The Ross Orogen of the Transantarctic Mountains
in Light of the Laurentia-Gondwana Split

Edmund Stump
Department of Geology, Arizona State University, Tempe, AZ 85287

ABSTRACT

The recent hypothesis that the margins of the western United States

and Antarctica were conjugate prior to the breakout of Laurentia from
Gondwana is consistent with the record of events in the Late Protero-
zoic—early Paleozoic Ross orogen of the Transantarctic Mountains. Iso-
topic data indicate that basement to the Ross orogen is 2.0-1.7 Ga conti-
nental crust, temporarily matching basement in the southwestern United
States. The onset of activity in the Ross orogen was Late Proterozoic
basin development with widespread deposition of turbidites. Rifting
within this basin is indicated by bimodal volcanism dated at ~750 Ma,
coincident with volcanism in the basal Windermere Supergroup in North
America. Actual separation is presumed to have occurred shortly before
accumulation of Early Cambrian platform carbonates on the margins of
both continents. Subsequent to this, the histories of the two margins
evolved independently. Limited data indicate that plutonism had begun
in the Ross orogen by ~550 Ma. By the Middle Cambrian an association
of carbonates and bimodal volcanics was accumulating outboard of the
Early Cambrian carbonate platform. Deformation, metamorphism, and
voluminous plutonism culminated during the Late Cambrian with cool-
ing ages ~500 Ma. This activity, recorded throughout widespread parts of
Gondwana, occurred while the western margin of Laurentia remained
passive.

INTRODUCTION

Marking the boundary between
East and West Antarctica, the Trans-
antarctic Mountains are a major intra-
cratonic chain that extends for 3500 km
across Antarctica, reaching heights
>4000 m (Fig. 1). The interior or plateau
flank of the Transantarctic Mountains
dams the East Antarctic Ice Sheet; the
front of the range rises with spectacu-
lar escarpments from the Ross and
Weddell embayments and the inter-
vening West Antarctic Ice Sheet. The
present-day mountains have under-
gone episodic uplift since the Early
Cretaceous (Stump and Fitzgerald,
1992) and have been modeled as a
major rift shoulder structure (Fitzger-
ald et al., 1986; Stern and ten Brink,
1989). The unifying geological feature
of the mountains is a middie Paleozoic
erosion surface (Kukri peneplain) that
separates gently tilted, Devonian to
Triassic sedimentary rocks (Beacon
Supergroup) and Jurassic continental
tholeiites (Ferrar Group) from a Prot-
erozoic to early Paleozoic orogenic belt
(Ross orogen) (see photograph). The
recent hypothesis (SWEAT) by Moores
(1991), amplified by Dalziel (1991)

and Hoffman (1991), that the western
United States was contiguous with Ant-
arctica during the Proterozoic, with sub-
sequent rifting and continental drift,
provides a powerful framework for
interpretation of the geological history
of the Ross orogen of the Transant-
arctic Mountains.

On a local scale, mapping in these
mountains is similar to the Basin and
Range, in that very good outcrops are
separated by expanses of cover (ice or
alluvium). On a continental scale, how-
ever, the breadth of the Transantarctic
Mountains is narrow (300-0 km) com-
pared to the Cordillera, so the spatial
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Each month, GSA Today features a short
science article on fast-breaking items or
current topics of general interest to the
17,000 members of GSA. What do you
think of these articles? Do you have an
idea for an article that you would like to
see published in GSA Today? If so, please
contact me, Eldridge Moores, Science Edi-
tor, GSA Today, telephone (916) 752-0352,
fax 916-752-0951.
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record of the Ross orogen is incomplete,
and the continuity of certain tectono-
stratigraphic sequences along the moun-
tains is not observable. Nevertheless,
the present-day Transantarctic Moun-
tains appear to follow closely the axis
of the Ross orogen, with younger ac-
creted and/or displaced blocks compos-
ing West Antarctica, and Proterozoic
and Archean cratonic rocks making

up the outcrops around the perimeter
of East Antarctica, and presumably the
crust beneath the East Antarctic Ice Sheet.

A long-standing view of the Ross
orogen is that it developed along a pas-
sive continental margin that was affected
by two orogenic episodes (e.g., Elliot,
1975)—the first in the Late Proterozoic
(Beardmore orogeny), and the latter in
Cambrian-Ordovician time (Ross orog-
eny). How the passive margin origi-
nated was not directly considered.
Moreover, interpretations of the tim-
ing and extent of the Beardmore orog-
eny have undergone repeated revi-
sions, and the true nature of this
event is still uncertain.

GEOLOGIC HISTORY

Sm-Nd model ages from granitic
rocks in northern Victoria Land and
the central Transantarctic Mountains
suggest that continental crust of Early
Proterozoic age (2.0-1.7 Ga) underlies
most of the mountain range (Borg
et al., 1990; Borg and DePaolo, 1991).
The same technique indicates that
much of the Cordillera in the south-
western United States is underlain
by rocks of similar age (Bennett and
DePaolo, 1987). A Proterozoic super-
continent with these two areas matched
is supported by these data. Direct links
of age provinces may be difficult, how-
ever, for as Borg and DePaolo (1991)
point out, fragments may have been
displaced obliquely along the margins
during the breakup.

The one place in the Transantarc-
tic Mountains where Early Proterozoic
age rocks are known in outcrop is in
the Miller and Geologists ranges, where
a varied suite of multiply deformed,
high-grade metamorphic rocks (Nim-
rod Group) is dominated by quart-
zofeldspathic schists and gneisses, but
includes amphibolites, marbles, calc-
schists, and quartzites. The rocks carry
a pervasive shear fabric through much
of their outcrop (Goodge et al., 1991).
A Pb-Pb zircon age on the Aurora
orthogneiss indicates magma genera-
tion within part of the Nimrod Group
at ~1.7 Ga (Goodge et al., 1991). It is
possible that metamorphic rocks with
similar lithologies (Koettlitz and Skel-
ton groups) cropping out throughout
southern Victoria Land are correlative
with the Nimrod Group. In various
studies the Koettlitz and Skelton
groups have been considered to be
higher grade equivalents of Late Prot-
erozoic pelites and Cambrian carbon-
ates exposed to the south of Byrd
Glacier (e.g., Grindley, 1981; Laird,
1981), although no fossils have been
found in the carbonates to substantiate
this. Recently, Rowell et al. (1991)
demonstrated that the Skelton Group
underwent multiple deformation dur-
ing the Proterozoic. This precludes a
Cambrian age and suggests correlation
with Nimrod Group, but early Beard-
more sedimentation (see below) is
another possibility for the metasedi-
mentary rocks in southern Victoria Land.

The initial sedimentation in the
Ross orogen occurred in a deep-water
basin parallel to the Transantarctic
Mountains, in which quartzose tur-
bidites of the Beardmore Group were
deposited from the Pensacola Moun-
tains (Patuxent Formation) through

the Queen Maud Mountains (La Gorce
Formation) to at least the central
Transantarctic Mountains (Goldie For-
mation) (Schmidt et al., 1965; Smit
and Stump, 1986: Gunn and Walcott,
1962). These rocks are lacking in rock
fragments and have a lithology char-
acteristic of a metamorphic-plutonic
source. Conformably underlying the
Goldie Formation in the Cobham
Range, just outboard of the Miller and
Geologists ranges, is the Cobham For-
mation, containing carbonates, quart-
zites, and pelites indicative of a shal-
low-water, marginal facies of the basin
(Laird et al., 1971). Whether these rocks
have exposed correlatives in southern
Victoria Land, as mentioried above, or
in northern Victoria Land, as discussed
below, is uncertain. Of note, a diamic-
tite of possible glaciogenic origin has
been found within the Goldie Forma-
tion on Cotton Plateau in close prox-
imity to marine volcanics (Stump

et al., 1988).

That rifting occurred during for-
mation of the Beardmore basin is sug-
gested by bimodal volcanism in the
Patuxent Formation (Storey et al., 1991),
basalts in the Goldie Formation in the
Ramsey Glacier area (Wade and Cathey,
1986), and bimodal volcanism in the
Goldie Formation at Cotton Plateau
(Stump et al., 1991). The basalts in the
Goldie Formation are intruded by gab-
bro, both of which have Sm/Nd ratios
and initial €, values indicative of gen-
eration in an oceanic setting (Borg et
al., 1990). The basalts of the Patuxent
Formation have continental affinities
(Frischbutter and Vogler, 1985; Storey
et al. 1991).

The best isotopic estimate of the
age of the Beardmore Group is from
a Sm-Nd mineral isochron on the
gabbro within the Goldie Formation
with a date of 762 +24 Ma (Borg et al.,
1990), indicating that sedimentation
had begun by that time and suggesting
that most if not all of the deposition
occurred in the Late Proterozoic. On
the basis of isotopic data from meta-
sedimentary rock, Borg et al. (1990)
suggested, pre-SWEAT, that the Beard-

more basin was two sided, with a 1.7
Ga continental source for part of the
Goldie Formation on the outboard
(Ross Sea) side.

In western North America, two
major sequences of noncrystalline,
Proterozoic rocks occur within the
Cordillera. Both are postulated to have
been deposited in association with rift-
ing events. The earlier suite, exempli-
fied by the Belt and Purcell supergroups, is
Middle Proterozoic and has no appar-
ent counterparts in Antarctica.

The younger suite is represented by
sequences at several widely separated
localities in the United States, from
Death Valley to Idaho, and by the rela-
tively continuous belt of Windermere
Supergroup in Canada and northeastern
Washington. The sequences in the
western United States appear to have
been deposited in local basins or a shelf
environment (Stewart, 1972), and in
general apparently are lacking in tur-
bidites, which are characteristic of all
but the westernmost deposits in Antarc-
tica. This may, however, simply reflect
what parts of the rift basin are preserved
on the respective continents. Presum-
ably the basin deepened outboard of
the deposits now seen in the western
United States. An association of vol-
canics and diamictites, characteristic of
the lower parts of the sequences in the
western United States (Crittenden et al.,
1971; Miller, 1985) finds its counterpart
in the Goldie Formation of the Trans-
antarctic Mountains.

Based on Sm-Nd and Rb-Sr dating
of volcanics near the base of the Win-
dermere Supergroup in northeastern
Washington (Devlin et al., 1988), a
recent estimate on the initiation of
rifting on the North American side
is about 750 £30 Ma, coincident with
the date on gabbro from Cotton Plateau.
Magmatic rocks of this same age are
found at several other localities farther
to the north in the Canadian Cordil-
lera (Roots and Parrish, 1988; Jefferson
and Parrish, 1989).

The notion of a Late Proterozoic
Beardmore orogeny in the Transantarc-
tic Mountains was proposed by Grind-
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Figure 1. Location map for Antarctica. Shading indicates Transantarctic Mountains. Orientation
of the continent with 150°E at the top was chosen for compatibility with maps in Figure 2.
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ley and McDougall (1969). Evidence
for deformation was angular unconform-
ities with Lower Cambrian Shackleton
Limestone overlying folded Goldie For-
mation in the Nimrod Glacier area
(Laird et al., 1971) and Middle Cam-
brian Nelson Limestone over Patuxent
Formation in the Pensacola Mountains
(Schmidt et al., 1965). The age for this
event was suggested as 680 to 620 Ma
(Grindley and McDougall, 1969), on
the basis of several isotopic determina-
tions from silicic porphyries (Wyatt
Formation and Thiel Mountains por-
phyry) in the Queen Maud and Thiel
mountains (Ford, 1964; Faure et al.,
1968) that had no known field rela-
tions to either the Beardmore Group
or the Cambrian limestones. Subse-
quently, the Wyatt Formation was
observed to intrude folded Beardmore
Group rock (Stump et al., 1986), sedi-
mentary rocks interbedded with the
Thiel Mountains porphyry were found
to contain fossils (Storey and Macdon-
ald, 1987), and the age of the Thiel
Mountains porphyry was revised to
~500 Ma (Pankhurst et al., 1988).
Rowell et al. (1992) have pointed out
that deformation of the Patuxent For-
mation is constrained only to have
been pre-Nelson Limestone, and they
have suggested that the folding in the
Pensacola Mountains included a phase
that was Early to Middle Cambrian.
Several angular contacts between
Shackleton Limestone and underlying
Goldie Formation were mapped in the
Nimrod Glacier area as unconformities
by Laird et al. (1971). In each of the
localities where they have visited
themn, Rowell et al. (1986) have inter-
preted these contacts as tectonic. At a
critical locality on the northwest flank
of Cotton Plateau, the trough and east-
ern limb of a syncline of Shackleton
Limestone overlies truncated Goldie
Formation (Laird et al., 1971). The
contact along the near-vertical limb
was highly sheared, probably accompa-
nying the folding. In the trough of the
syncline, Shackleton Limestone is flat-
lying and truncates recumbent folds in
Goldie Formation. A yellow clay-rich
zone marks the contact. The basal beds
of Shackleton Limestone (micaceous
sandstone) are not sheared, nor do they
show other evidence of movement par-
allel to the contact with Goldie Forma-
tion. Stump et al. (1991) concurred
with Laird et al. (1971) that the contact
is an angular unconformity, but in
light of accumulating evidence, rein-
terpretation as a thrust fault might be
warranted. Accepting that all contacts
of Shackleton Limestone and Goldie
Formation are tectonic still does not
preclude the possibility of folding of
the Goldie Formation prior to deposi-
tion of Shackleton Limestone, but also
the Goldie folding may have followed
Shackleton deposition with subsequent
juxtaposing of the two formations.
The Cotton Plateau locality is
unique in that only there have two
episodes of deformation been demon-
strated in Goldie Formation rocks
(Stump et al., 1991). Elsewhere only
one generation of folding has been
reported for the Goldie (Gunn and
Walcott, 1962; Grindley, 1963; Laird,
1963), throughout and adjacent to a
broad area of infolded Shackleton
Limestone, whose deformation is, by
definition, Ross orogeny. The earlier
folding of Goldie Formation at Cotton
Plateau may be the same generation as
is seen elsewhere in the Goldie, and
the younger deformation (primarily
cleavage and mesofolds) may be a local
feature related to the shearing in the
eastern limb of the Shackleton syncline.
As can be seen, the concept of the
Beardmore orogeny as a Late Protero-
zoic episode, distinct from the Cam-
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Congressional
Science Fellowship
1992-1993

T he Geological Society of America is accepting
applications for the 1992-1993 Congressional
Science Fellowship. The Fellow selected will spend
a year (September 1992-August 1993) in the office
of an individual member of Congress or a congres-
sional committee. The program provides an oppor-
tunity to gain a better understanding of science
and technology issues facing Congress and to
advise on a wide range of scientific issues as they
pertain to public policy questions. The American
Association for the Advancement of Science con-
ducts an orientation program and assists the Fellow
seeking a congressional staff position in which he
or she can work on major legislative issues.

Criteria

The program is open to highly qualified earth
scientists in early or mid-career. Candidates should
have exceptional competence in some area of the
earth sciences, cognizance of a broad range of

matters outside the Fellow’s particular area, and a
strong interest in working on a range of public pol-
icy problems.

Award _

The GSA Congressional Science Fellowship car-
ries with it a $38,000 stipend, and limited health
insurance, relocation, and travel allowances. The
fellowship is funded by GSA and by a grant from
the U.S. Geological Survey. (Employees of the
USGS are ineligible to apply for this fellowship.)

To Apply

Procedures for application and detailed
requirements are available in the geology depart-
ments of most colleges and universities in the
United States or upon request from: Executive
Director, Geological Society of America, P.O. Box
9140, Boulder, CO 80301.

DEADLINE FOR RECEIPT OF ALL APPLICATION MATERIALS IS FEBRUARY 15, 1992

brian-Ordovician Ross orogeny, has
become blurred. As one focuses on the
separation of Gondwana and Lauren-
tia, the uncertainty of the absolute age
of the Cambrian-Precambrian bound-
ary and the duration of the Cambrian
period loom as other obstacles to under-
standing the sequence of events sur-
rounding the breakup. Regardless of
the details, however, it is apparent that
once drift had begun, the North Amer-
:can margin remained passive while
the Antarctic margin and a consider-
able part of the rest of the Gondwana
supercontinent underwent intense
orogenic activity.

On the basis of tectonic subsidence
curves from all continents except Ant-
arctica, Bond et al. (1984) estimated
the global breakup of a supercontinent
between 625 Ma and 555 Ma, with an
estimate of 577.5 +22.5 Ma for the
western United States. The Harland
et al. (1982) time scale was used to do
projections, with an age of 590 Ma for
the Precambrian-Cambrian boundary.
On the basis of interpretations of strati-
graphic sequences in the Adelaide fold
belt, von der Borch (1980) postulated
that breakup occurred in southeastern
Australia at about the Precambrian-
Cambrian boundary.

In the Early Cambrian, carbonates
began to accumulate along the plat-
form margins of both western North
America and Antarctica, by which time
presumably drift had begun. Except for
similar, initial sedimentation, the newly
formed continental margins evolved
with distinct and independent histo-
ries. In the central Transantarctic
Mountains, the Shackleton Limestone
was deposited during a short interval
between middle and late Early Cam-
brian (Atdabanian to Botomian),
(Debrenne and Kruse, 1986; Rowell
et al., 1988; Rowell and Rees, 1989;
Rees et al.,, 1989). The only other
known, in situ Early Cambrian lime-
stones in the Transantarctic Mountains
are found in the Argentina Range to
the northeast of the Pensacola Moun-

tains (Rowell et al., 1992). One may
postulate continuity of an Early Cam-
brian carbonate shelf spanning these
localities, since the 1200 km distance
between them is covered by rocks of
the Beacon Supergroup and by ice.

A continuation of Shackleton Lime-
stone to outcrops north of Byrd Glacier,
however, would appear not to be justi-
fied. Some marbles do exist in the Koett-
litz and Skelton groups of southern Vic-
toria Land (Findlay et al., 1984), but
they are not nearly as extensive as the
Shackleton Limestone and are interbed-
ded with clastic metasedimentary rock,
arguing for their correlation with parts
of the Nimrod Group or lower Beard-
more Group. Furthermore, deformed
Skelton Group is intruded by granite
with a crystallization age of 500 +4 Ma
(Rowell et al., 1991). Several authors
(Grindley and Laird, 1969; Grindley,
1981; Borg et al., 1989) have suggested
that the marked geologic discontinuity
that occurs across Byrd Glacier, with
metamorphosed Skelton Group exten-
sively intruded by plutonic rocks to the
north and folded, low-grade to unmeta-
morphosed Shackleton Limestone to
the south, is the result of right-lateral,
strike-slip displacement. However, this
may also reflect angular irregularities
in the original continental margin that
occurred during the breakup. No plat-
form carbonates resembling Shackleton
Limestone occur in northern Victoria
Land.

Outboard of the Early Cambrian
platform deposits are carbonates of
Middle Cambrian age, including parts
of the Liv Group of the Queen Maud
Mountains (Stump, 1982) and the Nel-
son Limestone of the Pensacola Moun-
tains (Schmidt et al., 1965). Both the
Nelson Limestone and the Leverett
Formation of the Liv Group are dated,
from trilobites, as Middle Cambrian
(Palmer and Gatehouse, 1972). In addi-
tion to its carbonates, the Liv Group
also contains appreciable coarse-grained

Ross Orogen continued on p. 30

The Association
for Women
Geoscientists

\ Offers Funds
To Finish Theses

The Association for Women Geosci-
entists will award three Chrysalis
Scholarships on March 31, 1992. The
$500 awards will be given to geo-
science Masters or Ph.D. candidates
to cover expenses associated with
finishing their theses. The Chrysalis
Scholarship is for candidates who
have returned to school after an
interruption in their education of a
year or longer. The support can be
used for typing or drafting expenses,
child care, or anything necessary to
allow a degree candidate to finish
her thesis and enter a geoscience
profession.

Applications should be made by
February 28, 1992. The applicant
should write a letter stating her back-
ground, career goals and objectives,
how she will use the money, and an
explanation of the length and nature
of the interruption in her education.
The applicant should also submit two
letters of reference. The first, from
her thesis advisor, should include
when the candidate will finish her
degree, what requirements are as yet
unfinished, and a statement of the
candidate’s prospect for future con-
tributions to the geosciences.

For information on obtaining an
appiication or for additional informa-
tion, please contact: Chrysalis Schol-
arship, Association for Women Geo-
scientists Foundation, Macalester
College Geology Dept., 1600 Grand
Ave., St. Paul, MN 55105-1899.
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GEOVENTURES 1992 _Registration Oyen

(reach for the phone or fax today)

GeoVentures are a special benefit created for members, but are open also
to guests and friends. GeoVentures is the overall name for adult educational and
adventure experiences of two kinds: GeoTrips or GeoHostels. Both are known for
expert scientific leadership. Fees for both are low to moderate (relative to the
length of time and destination) and include lodging and meals as designated.
The venues, however, are quite different.

Choose from two types of GSA GeoVentures

GeoHostels GeoTrips
Length ............... S days 1 to 4 weeks
Cost ..ooovniiniininnns Under $500 Over $1000
Site .....ieiiiiiiiin, College campuses Worldwide
or resort towns,
North America
Time of year .......... Summer Anytime
Traveling .............. Limited. Possible Daily change of site
one or two 1/2-day
field trips
Ground Provided by Provided by GSA
Transportation ........ participants
Physical May be physically
Requirements ......... None demanding
Education ............. 1/2-day daily Informal,
classroom programs outdoor field
plus 1-2 field excursions instruction

For details on the 1992 GeoVentures, call your GeoVentures Coordinator
today: 1-800-472-1988 or 1-303-447-2020.
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GSA GEOTRIP

Grand Canyon Educational Adventure

A Spring Educational Adventure: Rafting, Hiking, and Camping
Eight Days, Seven Nights on the River—Lee’s Ferry to Pierce Ferry—
250 Miles of River Ride
April 25-May 3, 1992

Scientific Leaders
Stan Beus, Northern Arizona University
Ivo Luchitta, U.S. Geological Survey, Flagstaff

Program Schedule

April 25, Saturday ..........

April 26, Sunday

April 27-May 3,
Monday through Sunday .. River days

May 3, Sunday Take-out Pierce Ferry (Lake Mead) for bus trip

back to Las Vegas

Travel day from Las Vegas to home

Travel day from home to Las Vegas
Depart Las Vegas for arrival at Lee’s Ferry

May 4, Monday

Cost: $1390—$100 less for GSA members.
Minimum age: 18. Limit: 35 persons.
Register Before March 15—save $50
GSAMembers .....coovviivvnnaeinnnenns $1240
Guests and Nonmembers ...............

Fee includes tent, sleeping bag, and pad; meals; dry bags; waterproof river guide-
book; geologic reading materials; comfortable transportation to and from Las
Vegas and the Grand Canyon; and, of course, the companionship of expert and
engaging scientific leaders.

Please make your decision early. This trip will fill quickly.

When you decide to go, send $150 per person to hold your place. The fee is nonre-
fundable unless someone takes your place; then only a $20 processing fee will apply.

Science and adventure in one glorious
experience of a lifetime for the spirited and adventurous.

Photos by Bob Evans

GSA GEOTRIP

Galapagos Islands and Ecuador

Co-sponsored by American Association for the Advancement of Science
July 5-15, 1992

Scientific Leaders
William S. Wise, University of California, Santa Barbara, is a volcanic petrologist with
extensive experience with volcanoes, magma evolution, and island formation. In addi-
tion to being a GSA Fellow, he is an able and experienced trip leader.
The professional field naturalist accompanying the trip is Cynthia Manning, a field
biologist familiar with tropical environments, currently a resident of Quito. In addition,
scientists from the Darwin Research Station will provide informal lectures.

The purpose of this trip is to explore the remote and scientifically fascinating
Galapagos Islands and the Andean highland of Ecuador. This geologic and natural
history expedition offers an exceptional opportunity to experience the unique flora
and remarkably approachable fauna of these islands, together with expanding
awareness of the ongoing geological processes in the eastern Pacific region.

Co-sponsor: American Association for the Advancement of Science. GSA
is offering this unique opportunity in co-sponsorship with AAAS in order to pro-
vide an opportunity for members of both scientific communities to travel and learn
together. This educational excursion is to one of the most extraordinary locations on
Earth; it is a place to remember—a trip of a lifetime.

Itinerary. Days 1 and 2 will be spent traveling to and getting familiar with Quito,
which sits in an Andean valley at 9300 feet. Days 3 through 9 will be spent explor-
ing eight of the Galapagos Islands, stopping at Plaza Island, Hood Island, Santa
Cruz Island (home of the Darwin Research Station), Floreana, Barrington, Tower
Island, Tagus Cove, Punta Espinosa, James and Bartholomew Islands. The day lec-
tures on the geology of the region will be combined with field excursions to the
habitats of marine iguanas, rare waved albatross, flamingos, red-footed and masked
boobies, and many other exotic species. Between hikes there will be ample time for
snorkeling in coves, with the strong possibility of sighting sea lions.

Daily Transport. Motorcoach is the mode of transport in Ecuador, but the explo-
ration between islands is aboard the Isabela II, the newest (and many say best) of
the ships serving these islands. The air-conditioned, 162' motorboat provides com-
fort and convenience. It has a maximum of 34 cabins, which all face outside and
have twin or double beds (no bunk beds), and each has a private bath. Three full,
excellent meals are served daily aboard ship. A skiff takes small groups ashore for
morning and afternoon field exploration of between one and two hours each.

Expedition Cost. The land cost for GSA members is $3290 U.S. plus airfare. The
nonmember fee is $3390. If a guest has previously traveled on a GSA GeoTrip, the
nonmember $100 additional fee will be waived. We find the price to be quite rea-
sonable compared to similar offerings. In addition, Betchart Expeditions, Inc.,
has earned an excellent reputation with other scientific groups. The fee includes
double occupancy lodging in Quito and aboard the Isabela II; transfers and
ground transportation; meals as indicated, including three meals per day aboard
the Isabela II; entrance fees; baggage handling; leadership; and reading materials.

The expedition fee does not include airfare; some meals (estimated cost to
participants is $40); tips to Galapagos guide or boat crew; any personal items such
as alcoholic beverages, laundry, snorkeling equipment, phone calls, snacks, per-
sonal insurance, or foreign airport departure taxes.

Airfare and Airline Ticketing. Airfare roundtrip from Miami to Quito is cur-
rently $734 plus tax based on an excursion fare with Ecuatoriana Airlines. All air
bookings and ticketing will be handled by Betchart Expeditions Inc., (800) 252-4910.
PLEASE NOTE: All expedition members will fly as a group; limited independent
travel arrangements are available. Airfares are subject to change, and are generally
lowest when booked early.

Single Accommodations. Single rooms are available for an additional $125 in
Ecuador and $650 in the Galapagos. If you do not have a roommate or we cannot
assign you one, you must pay the extra cost of a single. (The single fee is exception-
ally high because the second space in the cabin could be purchased by another full-
paying traveler.)

Registration, Deposits, and Payments. Registration is open to everyone, but
GSA Members will be given preference. A deposit of $300 will hold your place
until February 28, but because of the popularity of the Isabela II, full payment is
due on March 1 in order to secure space. This amount goes directly to the
Ecuadorian provider on March 1 and is nonrefundable unless your place is resold;
then, a $100 processing fee will apply. Minimum age: 18. Limit: 30 persons.
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GSA GEOHOSTEL

Geology of the Southwestern

San Juan Mountains

Fort Lewis College, Durango, Colorado
Five Days and Six Nights: June 27-July 2, 1992

Scientific Leaders
Kenneth E. Kolm and Gregory S. Holden, Colorado School of Mines

Durango, Colorado, was founded more than a century ago as the supply cen-
ter for the mining camps of the San Juan Mountains. Located at the boundary of
the Colorado Plateau and the Colorado Rockies, the town is now the recreational
center for some of the most scenic, historic, and geologically diverse country in
the west. The Durango townsite was the terminus to the ice age Animas River
glacier, largest to drain the San Juan icefield. Fort Lewis College sits 300 feet
above the town on the remnant of an outwash terrace. Views of the mountain
peaks and down the valley are impressive. Rocks of the area record a geologic his-
tory from Precambrian crystalline basement, through deposition of a Paleozoic
and Mesozoic sedimentary sequence, to culmination in Tertiary volcanism,
caldera formation and mineralization, all deeply eroded and exposed during Neo-
gene uplift. The area is home to the historic Durango and Silverton Narrow
Gauge Railroad, Anasazi Indian ruins, ghost towns, and spectacular mountain
wildflowers and scenery.

A combination of classroom lectures and daily field trips will emphasize the
geology of the area from Precambrian to present with discussions of hazards and
resource issues. We will visit Mesa Verde National Park, ride the narrow gauge,
and visit the high peaks. Local activities available outside of class include golfing,
hiking, rafting, and touring.

Program Schedule
Welcoming get-together

June 27, Saturday
June 28-July 1, Sunday

through Wednesday
July 2, Thursday

Morning classes and field trips
Full-day field excursion and farewell party

Fee and Deposit

Cost: $325 for GSA Members. Nonmembers $25 more.
$75 deposit is due with your reservation, which is refundable until April 1;
less $20 processing fee.
Total balance due: May 1
Minimum age: 21 years. Limit: 30 persons.

Fee includes classroom programs and materials, train ride to Silverton, Col-
orado, on the Narrow Gauge Railroad, lodging (double occupancy, dormitory
suites), breakfast, welcoming, and farewell events. Not included are transporta-
tion to and from Colorado, transportation during non-class hours, meals or other
expenses not specifically included.

GSA GEOHOSTEL

Scientific Leaders
Clemens A. Nelson, University of California, Los Angeles, Emeritus
Bruce A. Blackerby, California State University, Fresno |
The town of Bishop lies between the eastern scarp of the Sierra Nevada and ‘
the equally impressive White-Inyo Range, which is often referred to as “God’s
Country.” The White Mountain Research Station, used by the University of Cali-
fornia campuses for their field camps, is located four miles from Bishop at the
base of the White Mountains. The geologic diversity includes complexly folded
and faulted Precambrian and Paleozoic rocks, plutonic and metamorphic rocks of
the Sierra, the young volcanic rocks of Long Valley and the Inyo and Mono
Craters, abundant evidence of glaciations—and recent earthquake activity. The
natural history of this scenic region also eéncompasses petroglyphs, the ancient
bristlecone pines, and the tufa towers of saline Mono Lake.

Program Schedule

July 25, Saturday ...........

July 26-29, Sunday
through Wednesday

July 30, Thursday

Welcoming get-together

Morning classes and field trips
Full-day field excursion and farewell party

Fee and Deposit

Cost: $325 for GSA Members. Nonmembers $25 more.
$75 deposit is due with your reservation, which is refundable until April 1;
less $20 processing fee.
Total balance due: May 1

Minimum age: 21 years. Limit: 30 persons.
|
Fee includes classroom programs and materials, field excursions; lodging in bar-

rack style dormitories; breakfast and lunch each day; welcoming and farewell
events. Not included is transportation to and from California (Reno makes a
good airport destination with travel by car to Bishop); transportation during non-
class hours; meals or other expenses not specifically included.

R R Ty

GEOVENTURES REGISTRATION FORM
Registration Open

Please keep in mind that the GeoVentures fill quickly and it is best to make a
decision early.

If you would like to send a deposit to hold your reservation, please pay by check
or credit card, which will be used only for this deposit. (Future charges will be autho-
rized by you first.) You will receive further information and a confirmation of your
registration within one week after your reservation.

Cancellation
Each GeoVenture has its own set of cancellation dates which will be sent out to
registrants and provided in response to phone queries.

Name
Institution/Employer
Mailing Address
City. State ____ Country ZIP
Business Phone ( )
Home Phone ( )
Guest Name
GSA Member #
Deposit No. of Total Paid
Per Person  Persons Deposit
GT921 — Galapagos and Ecuador GeoTrip $300
GT922 — Grand Canyon GeoTrip $150
GH921— Durango, Colorado, GeoHostel $ 75
GH922—Bishop, California, GeoHostel $ 75
TOTAL DEPOSIT

I've enclosed no deposit, but I'm interested. Please send more information.

VISA [] MasterCard [] Diners Club/Carte Blanche [] American Express
Credit Card # Exp. Date
Signature

Mail Registration Form and check or credit card information to:
1992 GSA GeoVentures, GSA Meetings Department,
P.O. Box 9140, Boulder, CO 80301

Geology of the White Mountains, California |

White Mountain Research Station, Bishop, California
Five Days and Six Nights: July 25-July 30, 1992

Non-U.S.-based registrants are encouraged
to use GSA’s fax number: 303-447-1133

Call today for more information: (303) 447-2020 or 1-800-472-1988

WILLIAM MARSH RICE UNIVERSITY
DEPARTMENT OF GEOLOGY & GEOPHYSICS
Houston, Texas

Presents

A Symposium
in Memory of Dr. Doris M. Curtis

March 20, 1992
1:00—4:00 p.m.

For more information, please contact
Department of Geology & Geophysics
Rice University
P.O. Box 1892
Phone (713) 527-4880

Geology & Geophysical Laboratories
WIESS SCHOOL OF NATURAL SCIENCE
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Ross Orogen continued from p. 27

arenites, but the predominant lithol-
ogy is a bimodal suite of volcanics with
voluminous rhyolites and lesser basalts
(Stump, 1985). This volcanic activity
may represent lingering extensional
effects of the breakup located in outer
parts of the Antarctic continental mar-
gin (Dalziel, 1991).

Northern Victoria Land is com-
posed principally of three terranes,
of which the eastern two (Bowers and
Robertson Bay) are allochthonous and
were emplaced after or during the late
stages of the Ross orogeny (e.g., Brad-
shaw et al., 1985; Gibson and Wright,
1985; Kleinschmidt and Tessensohn,
1987). The western, autochthonous
Wilson terrane is underlain by schists
and gneisses (Wilson and Lanterman
metamorphics, Priestley Schist) whose
protoliths were mainly graywacke and
shale, with some calcareous parts. For
the most part, these rocks were multi-
ply deformed and metamorphosed
during one prograde metamorphic
episode to amphibolite facies (Klein-
schmidt and Skinner, 1981). The major-
ity of the K-Ar and Rb-Sr mineral dates
from the Wilson terrane are between
500 and 470 Ma, typical of cooling fol-
lowing the Ross orogeny (Kreuzer et
al., 1987). Limited Rb-Sr, whole-rock
isochron dates indicate that metamor-
phism may have begun in places as
early as 550 Ma (Adams and Hoérndorf,
1991). A preliminary report of organic
fragments from the Priestley Forma-
tion indicates a post-Precambrian age
(Lombardo et al., 1989). The metasedi-
mentary rock of the Wilson terrane

may be Proterozoic, Early Cambrian,
or both, and may straddle or postdate
the continental breakup. In South Aus-
tralia, by comparison, Late Proterozoic
Adelaidean shelf sedimentary strata are
followed by turbidites of the Early Cam-
brian Kanmantoo Group (von der Borch,
1980). Apparently, the depositional
setting in northern Victoria Land fol-
lowing the breakup was quite different
from that recorded throughout the rest
of the Transantarctic Mountains.

The passive or extensional conti-
nental margin changed to one of sub-
duction with resultant compressive
deformation, metamorphism, and
magmatism of the Ross orogeny. The
simplistic view of a Cambrian-Ordovi-
cian episode that began with folding
of Early and Middle Cambrian sedi-
mentary rocks and ended with cooling
of metamorphic and plutonic rocks
around 510-470 Ma has been expanded
by ongoing research to recognize mul-
tiple tectonic events, manifested either
locally or throughout the Transantarc-
tic Mountains.

The onset of activity is difficult to
place. Age determinations on several
plutonic rocks from northern and
southern Victoria Land are older than
most throughout the Ross orogen. These
include the Sturgeon Island granodio-
rite (599 £+21 Ma; Rb-Sr, whole-rock
isochron; Vetter et al., 1984), deformed,
plutonic rocks of the Wilson terrane
(544 +4 Ma, U-Pb, zircon; Black and
Sheraton, 1990), the Carylon granodi-
orite (568 £10 Ma; Rb-Sr, whole-rock
isochron; Felder and Faure, 1980), and
a granite intruding the Skelton Group
(550 +4 Ma; U-Pb, zircon; Rowell et al.,

1991). Whether one uses the Harland
et al. (1990) time scale, with the Pre-
cambrian boundary at 570 Ma, or that
of Odin et al. (1983), with the bound-
ary at 530 Ma, it would appear that
plutonic activity had begun in parts
of the orogen before deposition of
Early Cambrian Shackleton Limestone.
Deformation took various forms
throughout the Transantarctic Moun-
tains. A major shear zone in the Prot-
erozoic Nimrod Group of the Miller and
Geologists ranges has long been recog-
nized; thrusting is thought to have
occurred during the Early to Middle
Proterozoic formation of the metamor-
phic rocks (Grindley, 1972). Goodge et
al. (1991) demonstrated a considerably
oblique component to the movement
with a left-lateral sense relative to the
axis of the Transantarctic Mountains.
Stump et al. (1991) suggested that this
shearing was coincident with the older
deformation (Beardmore orogeny) of
the Goldie Formation at Cotton Plateau.
Most recently, Walker and Goodge
(1991) have presented U-Pb age data,
on zircons from plutons bearing the
shear fabric, that indicate magmatic
crystallization at 540 to 534 Ma. These
new data push the shear zone develop-
ment in the Miller Range into the frame-
work of the early Ross orogeny, and out
of the range of the traditional Beard-
more orogeny or older events. Again,
how this movement is interpreted with
respect to the deposition of the Early
and Middle Cambrian limestones of the
Transantarctic Mountains depends on
the time scale used. On the basis of iso-
topic data, Borg et al. (1990) have pos-
tulated a major lower crustal boundary
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Figure 2. a: Location map for Transantarctic Mountains. CP = Cotton Plateau, CR = Cobham Range, GR = Geologists Range, MG = Marsh Glacier,
MR = Miller Range. b: Principal lithotectonic divisions of the Ross orogen in the Transantarctic Mountains. ¢: Shading indicates outcrop areas of
plutonic rocks of the Ross orogen with +500 Ma cooling ages. Terrane boundaries are indicated for northern Victoria Land. Black indicates Devo-

nian plutonic rocks in northern Victoria Land.

and suture zone along Marsh Glacier,
between the Miller Range and Cotton
Plateau. It is possible that this juxtaposi-
tioning was early-Ross rather than Beard-
more or earlier, as previously thought.

In the Nimrod Glacier area Shack-
leton Limestone is tightly folded.
Overlying an erosion surface on Shack-
leton Limestone is the Douglas Con-
glomerate, which contains clasts of
folded Shackleton Limestone, but no
fossils to help determine its age (Rees
et al., 1987). The Douglas itself has
been deformed at least twice prior to
deposition of the Beacon Supergroup.
The composition of the Douglas (Pant-
taja and Rees, 1991), the multiple,
nonmetamorphic deformations of the
Shackleton and Douglas, the apparent
simplicity of deformation in the lower
lying Goldie Formation, the tectonic
character of most, if not all, of the
observed contacts between the Goldie
and the Shackleton, and the geometry
and style of folding suggest a foreland
fold and thrust belt.

Thrust faulting has been identified
at two places in the central Transantarc-
tic Mountains. In the Duncan Moun-
tains, Duncan Formation is thrust over
Fairweather Formation (Liv Group)
(Stump, 1981). Traditionally, Duncan
Formation has been correlated with
Beardmore Group (Stump, 1982), but
it could represent a Cambrian slope
sequence deposited outboard of the
belt of volcanics and carbonates of Liv
Group, and later thrust upon it. At the
head of Scott Glacier, La Gorce Forma-
tion (Beardmore Group) is thrust over
Wyatt Formation (Stump et al., 1986).
Wyatt Formation is undoubtably cor-
relative with the Thiel Mountains por-
phyry, which recently has been dated
at 493 +24 Ma (Pankhurst et al., 1988);
thus, this fault occurred late in the
sequence of events that are encom-
passed by the Ross orogeny. In the
central Scott Glacier area, a right-lat-
eral, strike-slip fault has juxtaposed
La Gorce and Wyatt formation rocks
(Stump and Fitzgerald, 1988).

In the Pensacola Mountains, Mid-
dle Cambrian Nelson Limestone and
overlying silicic volcanics (Gambacorta
Formation) were folded into open
structures during the traditional Ross
event (Schmidt et al., 1978). Con-
strained as only pre-Middle Cambrian
by the unconformity beneath Nelson
Limestone, the folding of Patuxent
Formation could be an Early Cambrian
rather than a Late Proterozoic event,
as suggested by Rowell et al. (1992).

Regardless of the structural varia-
tions along the Transantarctic Moun-
tains, a tremendous pulse of magma-
tism ended the Ross orogeny (e.g.,
Borg et al., 1987); K-Ar and Rb-Sr dates
are largely between 510 and 470 Ma
(Stuiver and Braziunas, 1985). As re-
search in these mountains continues,
it may be useful to subdivide the Ross
orogeny, as has been done for orogeni
episodes in the Cordilleran, for it has
become increasingly apparent that its
evolution was complex and varied in
both space and time. The history of
the Ross orogen spans the breakout of
Laurentia from Gondwana, the period
of greatest complexity having occurrec
after the split as the newly formed mar
gin rearranged itself. If the magmatic
activity at about 750 Ma in both the
Transantarctic Mountains and western
North America signals the onset of rift
ing, then the rift to drift transition
took perhaps as much as 200 m.y.

PANNOTIOS TECTONISM

The Ross orogeny of the Trans-
antarctic Mountains is the Delamerian
orogeny of Australia (Rutland et al.,
1981). It is the Pan-African of Africa
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(Kennedy, 1964) and the Brasiliano of
South America (Cordani et al., 1973).
It is an episode of continental crustal
consolidation as great as any in Earth
history. Besides the development of
interconnected zones of high mobility,
large parts of the cratonic nuclei were
thermally reactivated. Throughout a
large sector of coastal East Antarctica
(long 0° to 110°E), the K-Ar dates on
Archean and Early Proterozoic cratonic
rocks are +500 Ma (Craddock, 1972).
Mobile belts in South America and
Africa had begun orogenic activity in
the Proterozoic, at least as far back as
650 Ma (Cordani et al., 1973; Kroner
et al., 1978). Compressive tectonics
had begun in parts of Gondwana prior
to the breakout of Laurentia and con-
tinued afterwards.

The culmination of activity prior to
cooling ~500 Ma occurred as all the cra-
tonic nuclei of Gondwana sutured to-
gether, producing the supercontinent,
perhaps in a scenario similar to that
proposed by Hoffran (1991), but includ-
ing subduction and orogenic activity
along the Pacific margin of Australia,
Antarctica, and at least southern South
America. Lacking an alternative, 1 pro-
posed “Pannotios” (Greek: pan = all,
notios = southern) as a unifying term
to designate the cycle of tectonic activ-
ity common to the Gondwana conti-
nents that resulted in the formation
of the supercontinent (Stump, 1987).
Southern Hemisphere geologists have
long recognized the common heritage
shared by the southern continents (du
Toit, 1937), but the SWEAT hypothesis
expands our view to the global inter-
connectedness of events during the
Late Proterozoic-early Paleozoic.
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Paul Bailly Joins Board of Trustees

Former GSA President Paul A.
Bailly was appointed to the Founda-
tion’s Board of Trustees at its October
meeting in San Diego. He fills the va-
cancy left by McLain Forman, who has
completed his five-year term.

Paul Bailly has given generously
of his time and talents to GSA, culmi-
nating with his term as president in
1983. [n addition, he has been very
active in many other earth science or-
ganizations, including the Society of
Economic Geologists, which he served
as president in 1981. He received the
Jackling Award given by the American
Institute of Mining Engineers in 1979
and was the Henry Krumb lecturer for
that organization in 1975-1976. He
also holds memberships in a number
of other scientific and professional
organizations.

Bailly has served on advisory com-
mittees to the University of Minnesota,
Stanford University, and the Colorado
School of Mines. He is a director of
the Mineral Information Institute and
has been on several National Research
Council and National Academy of
Sciences boards.

Born in France in 1926, Bailly
attended the University of Nancy and
then Yale University, and he received
a Ph.D. degree in mineral deposits from
Stanford University. His professional
career includes 15 years with Kennecott
Copper and Bear Creek Mining (presi-
dent of the latter for seven years). He
was president and a director of Occi-
dental Minerals Corporation from 1968
until 1983. Since 1984 he has been the
president of Fulcrum Management,
Inc., which oversees two mineral ven-
ture capital partnerships. Bailly is at
present a director of six public mineral
resource companies.

Bailly brings important business
experience and leadership to the Foun-
dation’s Board. Trustee Charles Mankin
noted, “I am extremely pleased that
Paul Bailly will be serving on the Foun-
dation’s Board of Trustees. He brings
a very extensive national and interna-
tional background in both science and
industry to our group, and he is widely
known among both the members of

our profession and the companies and
organizations that are supportive of

the work of GSA."

Board Chooses

Mankin as Chairman

Charles J. Mankin, Director of the
Oklahoma Geological Survey, has been
selected by the Foundation’s Board of
Trustees to be its chairman for the com-
ing year. Mankin joined the Board in
1987 and is in the final year of a five-

year term.

Charlie Mankin is well known
among GSA members, and he enjoys
widespread recognition throughout the
science. He is a forceful spokesman for
earth science in both the government
and industry arenas. He is active in
many geological organizations, fore-
most among them Sigma Gamma Ep-
silon, American Association of Petro-
leum Geologists, and American
Institute of Professional Geologists.

Mankin replaces F. Beach Leighton
as chair; Beach continues as a Trustee. B

Donors to the Foundation,
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