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Field investigations of the Nelson Limestone during the aus-
tral summer of 1989-1990 and subsequent laboratory results
document in some detail the first record of relative sea-level
changes known from Middle Cambrian rocks along the antarc-
tic sector of Gondwanaland. In three stratigraphic sections in
the Neptune Range (figure 1), we recognize sequence strati-
graphic elements that include a lower sequence boundary, a
terrigenous valley-fill succession, and three parasequences. Al-
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Figure 1. Map of Neptune Range showing locations of measured
stratigraphic sections. MD, ridge extending northwest from Mount
Dover; NP, Nelson Peak area along southern face of hill 1,650 me-
ters; and MV, ridge bounding south side of Miller Valley. Put-in
location indicated by star (based on Schmidt and Ford (1969) with
corrections in location from the U.S. Geological Survey 1:250,000
reconnaissance series maps of Antarctica).

though the application of sequence stratigraphy toward quan-
tifying global sea-level change (Vail, Hardenbol, and Todd 1977;
Posamentier and Vail 1988) remains controversial (Miall, 1986),
the implication for nearly synchronous development of bound-
ing surfaces, sequence or parasequence boundaries, provides a
means for intrabasinal chronostratigraphic correlation of strata.
In the Nelson Limestone, these correlations show that the ini-
tial carbonate ramp evolved into a rimmed, distally steepened
ramp or platform.

Following deformation, uplift, and erosion of strata in the
Patuxent Formation, which at its type locality were deposited
as continental slope turbidites (Schmidt et al. 1964), the basal
part of the Nelson Limestone accumulated as a nonmarine,
terrigenous, valley-fill succession. Thickness of this succession
varies widely, reflecting paleotopographic relief of up to 90 me-
ters developed on the underlying formation; a relatively uni-
form thickness of the overlying marine sandstone suggests that
virtually all of the erosional expression was filled or beveled by
mid to late Middle Cambrian time.

The greater part of the Nelson Limestone was deposited dur-
ing three pulses of relative sea-level rise that are marked by
parasequence boundaries. The lower parasequence (figure 2A)
everywhere consists of a thin interval of fine- to very-fine-
grained, quartz-rich, burrowed sindstone, which is overlain by
a thick (approximately 100 meters) succession of carbonate
rocks. Rare cross-bedded lenses of intraclastic carbonate grain-
stone in the sandstone strata may reflect onshore storm depo-
sition or perhaps incomplete reworking of transgressive car-
bonate sediments. The overlying dark, mud-rich, burrowed
carbonates have yielded the Nelsonia schesis fauna indicating a
mid to late Middle Cambrian age (Palmer and Gatehouse 1972).
The fauna also confirms that open marine conditions prevailed
early in the depositional history of the Nelson Limestone.

Lithofacies at the top of the lower parasequence differ signif-
icantly from section to section. On Mount Dover ridge (MD in
figure 1), oncoid-rich and stromatolitic peloidal grainstones
show that shallow marine conditions existed locally. Episodi-
cally, these sediments were exposed subaerially as indicated by
pendant cements (figure 3A and B). In the Nelson Peak area
(NP in figure 1), equivalent strata were deposited as alternating
bedded slumps and burrowed carbonate mudstones (figure
3C). Slump beds contain plastically deformed laminated mud-
stone and wackestone clasts in a mudstone matrix. Burrowed
interbeds may represent either reworking of slumped strata or
bioturbation of beds that accumulated slowly as background
sedimentation between slump events. On south Miller Valley
ridge, an abrupt change in bedding thickness is the principal
indicator of marine flooding that preceded deposition of the
middle parasequence.

Relative rise of sea level marking the base of the middle
parasequence (figure 2B) is expressed by a return to deposition
of dark, muddy carbonates in all measured sections. Upward
shallowing generated an increase in diversity of lithofacies
through this parasequence as in the lower one. This diversity
reflects the relative onshore-offshore position of measured sec-
tions on the carbonate platform. In the Nelson Peak and Mount
Dover sections, thick, white, massively bedded, unfossiliferous
peloidal grainstones, which appear to have been exposed epi-
sodically, formed in lagoonal and back-shoal settings. Seaward,
the shoal is represented by cross-bedded, oncoid-rich peloidal
grainstones that crop out in the south Miller Valley ridge sec-
tion.

The deepest incursion of marine waters occurred during dep-
osition of the upper parasequence (figure 2C). Offshore shales
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Figure 2. Sequence of stratigraphic elements and development of
the carbonate ramp during deposition of the Nelson Limestone.
Locations MV, NP and MD are shown below vignettes. Vertical
exaggeration increases toward the left. A. Establishment of the
carbonate ramp in the lower parasequence followed deposition of
a nonmarine terrigenous valley-fill succession (VF) above the
lower sequence boundary (SB). Parasequence boundary shown as
bold, non-wavy line. Exposure of carbonates and offshore slump-
ing, shown diagrammatically, highlight initial progradation. B. The
carbonate ramp developed into a rimmed ramp or platform during
the middle parasequence. Lagoonal carbonates were exposed lo-
cally, at right, as a carbonate sand shoal was established seaward,
at left. Lower parasequence and valley-fill succession indicated
by hatched pattern. C. Flooding during the upper parasequence
brought a return of open marine conditions. Top of the parase-
quence has been removed by faulting (f) or erosional truncation.

overlie the shallow-water carbonates of the middle para-
sequence on south Miller Valley ridge, where trilobites are com-
mon above the shale beds in carbonate packstones. Higher in
the section, a thick succession of oncoid-rich peloidal grain-

Figure 3. A variety of carbonate fabrics developed at the top of the
lower parasequence. A. Photograph of polished slab of oncoid-
rich peloidal grainstone from Mount Dover section showing large-
scale pendant cements (P), sample DR89.22. Note reoriented fab-
ric in cortices of some oncoids. Bar is 10 millimeters. B. Photo-
micrograph of small-scale radial pendant cement (P) from slightly
higher in the same section, sample DR89.23C. Bar is approximately
0.25 millimeters. C. Contorted and plastically deformed laminated
mudstone clasts in bedded slump in the Nelson Peak section. Ice
axe is 0.70 centimeters.

stones indicates that a carbonate shoal eventually was re-estab-
lished. The section at Mount Dover also shows increasing influ-
ence of terrigenous clastics and deeper water. It contains rocks
with abundant oncoids in mud-rich matrix. In both sections,
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rare interbedded sandstones provide useful markers for corre-
lation.

The stacking pattern of parasequences and local expression
of subparasequence boundary facies in the Nelson Limestone
indicate that following its incipient development, the carbonate
ramp became oversteepened; slumping marks a fundamental
change in depositional style from predominantly aggradation
to progradation. Slumps in the Nelson Peak section are consis-
tent with and probably related to the exposure, loss of accom-
modation space, and inferred progradation of sediments from
the Mount Dover area, a distance of some 10 kilometers. During
deposition of the middle parasequence, shoal conditions ulti-
mately were established farther seaward. Landward, the accu-
mulation of back-shoal and restricted lagoonal sediments indi-
cates that the offshore carbonate sands formed a ramp or
platform-rimming barrier that inhibited open circulation. Fol-
lowing drowning at the commencement of the upper parase-
quence, the sand shoal was re-established in this marginal po-
sition; however, there is no evidence for restricted circulation
behind it.
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The Thala Hills (67°40'S 46°E) are underlain by granulite-
facies metamorphic and plutonic rocks of the Proterozoic Ray-
ner complex. On the basis of geochronologic data obtained
throughout the Rayner complex, including the Thala Hills,
Black et al., (1987) concluded that the complex is a product of
crustal formation about 1,800-2,000 million years ago, that is,
mid-Proterozoic. Melting of this crust about 1,500 million years
ago produced felsic intrusive rocks that were subsequently de-
formed and metamorphosed into orthogneiss, one body of
which is exposed in the Thala Hills. Major deformation and
granulite-facies metamorphism is dated at about 960 million
years. Later events include felsic magmatism and associated
retrograde metamorphism in the amphibolite facies and, sub-
sequently, a low-grade retrograde event. Recalculation of
Grew's (1978) data using a decay constant X = 1.42 x 10"a' and
assigning errors of 2 percent in rubidium-87/strontium-86 and
0.0005 in strontium-87/strontium-86 yields a rubidium-stron-
tium isochron age of 1,006:t39 million years (the mean square
of weighted deviates is 1.4) for the orthogneiss from samples
collected in the Thala Hills from east of Mount Vechernyaya to
McMahon Island, a total distance of 10 kilometers. On the other
hand, Black et al., (1987) obtained a 1,425 million-year upper
intercept age on a uranium-lead concordia diagram for zircon
from one site on Mount Vechernyaya. In reference to the later
events, Black et al., (1987) dated the felsic plutonism at about
770 million years and the low-grade retrograde event at 540
million years, whereas Grew (1978) reported younger ages,
500-550 million years and 400-500 million years, respectively.

This paper concerns the age of a charnockitic gneiss intruded
by the orthogneiss in the Thala Hills (Grew 1978). When the
icebreaker Shirase called at Molodezhnaya Station 14-17 Feb-
ruary 1988, geologists of the 29th Japanese Antarctic Research
Expedition (JARE-29) carried out a brief survey of Mount Vech-
ernyaya (see Makimoto, Asami, and Grew 1989). Several sam-
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