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PETROLOGY AND MINERALOGY OF THE KIRKPATRICK BASALT

AND FERRAR DOLERITE, MESA RANGE REGION,
NORTH VICTORIA LAND, ANTARCTICA

D. H. Elliot, T. H. Fleming, M. A. Haban,' and M. A. Siders’

Byrd Polar Research Center and Department of Geological Sciences
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In north Victoria Land, Jurassic tholeiites of the Ferrar Group form extensive outcrops of lavas
principally in the Mesa Range and nearby nunataks, and widely distributed sills adjacent to the
Rennick Glacier. The lavas sequences are as much as 780 m thick and consist of as many as 41
flows ranging in thickness between 1 and 135 m. The lavas contain two (less commonly three)
pyroxenes, plagioclase, and iron-titanium oxides in a glassy to microcrystalline, devitrified matrix.
The sills are similar petrographically to the coarser-grained doleritic lavas, and generally lack a
glassy or devitrified matrix. The lavas and sills comprise two distinct geochemical types referred
to as the Mount Fazio Chemical Type (MFCT) and the Scarab Peak Chemical Type (SPCT); the
latter occurs only as the capping flow (or flows) of the lava sequence. MFCT plagioclase
compositions range from calcic bytownite to sodic labradorite, whereas the SPCT compositions are
mainly labradorite. MFCT pyroxenes are predominantly augite and pigeonite; sparse orthopyroxene
is also present. SPCT augites and pigeonites have more restricted Fe-rich compositions.
Titanomagnetites exhibit oxidation-exsolution and maghemitization. The majority of the MECT
lavas and sills have MgQ between 7.5% and 4.5% (Mg-numbers = 64-48); MgO contents greater
than 7.5% reflect accumulation of pyroxenes. The MFCT shows a typical thaleiitic Fe-enrichment
trend. The less mobile incompatible elements exhibit good correlations with SiO, and Mg-number.
More mobile incompatible elements, in particular the alkalis, commonly show much scatter. On
multi-clement diagrams normalized to primitive mantle, marked depletions are shown by P, Ti, Sr,
Nb and Ta. All rocks show light-rare-earth-element enrichment, and all have negative Eu anomalies
that increase with the degree of magmatic evolution. The SPCT is more evolved than the MEFCT,
and has a restricted Fe-rich composition (FeO" = 14.5%; MgO = 2.4%, Mg-number = 25). The
compositional range exhibited by the lavas and sills can be explained by fractional crystallizalion
of plagioclase, augite and pigeonite (gabbro fractionation); the resuits of least-squares modeling are
largely consislent with evolution by such a process. Previously reported Sr- and O-isotope data for
the MECT have been interpreted in terms of evolution by exiensive assimilation/fractional
crystallization; however, much of the isotopic variability may have been caused by low-temperature
alteration. Although results reported here suggest that fractionation can account for major- and
trace-clement variations, a small amount of assimilation is not incompatible with the data.

INTRODUCTION

Jurassic lavas in north Victoria Land (NVL) form one
of the three principal outcrop areas of the Kirkpatrick
Basalt in the Transantarctic Mountains (TAM); the other
two are in south Victoria Land (SVL) and the Beard-
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more Glacier region, central Transantarctic Mountains
(CTM) (Figure 1). Comagmatic dolerite sills, the Ferrar
Dolerite, are present in NVL, particularly in the Frey-
berg Mountains and Helliwell Hills (Figure 2); the sills
intrude the Permian to Triassic Victoria Group (Beacon
Supergroup) [Barrett, 1991; Collinson et al., 1994].
The presence of Jurassic basalts in NVL was first
reported by Gair [1967] who described in general terms
the sequence that forms the Mesa Range (Figures 2 and
3). Later investigations showed that lavas also crop out
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Fig. 1. Location map for the Transantarctic Mountains
showing the distribution of the Ferrar Group and other Jurassic
tholeiites.  Tholeiites with the isotopic and trace-element
geochemical characteristics of the Ferrar Group crop out from
Horn BIufT to the Theron Mountains; tholeiites in Queen Maud
Land belong to another geochemical province defined by lower
initial ¥Sr/*Sr ratios (0.704-.706 [Harris et al., 1990, 19914,

b)).
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to the north at Litell Rocks [Skinner et al, 1981;
Hornig, 1993] and in a number of nunataks east of the
Gair Mesa [Nathan and Schulte, 1968). Ferrar Dolerite
west of the Mesa Range has been documented by Gair
[1967] and Roland and Wérner [1994], to the north by
Sturm and Carryer [1970], Dow and Neall [1974] and
Hornig [1993], to the east and southeast by Nathan and
Schulte [1968], and to the south by Brotzu et al. [1988)
and Roland and Wérner [1994]. Systematic fieldwork
on the basalts was carried out in the 1981-82 and 1982-
83 austral summer seasons [Elliot et al, 1982, 1983],
and the field characteristics of the Kirkpatrick Basalt
have been described by Elliot et al. [1986b]. Petro-
graphic descriptions of the basalts and dolerites are
given in Elliot et al. [1986b] and Elliot and Foland
[1986].

The geochemistry of Ferrar rocks has been the object
of much study, in particular because of the isotopic and
geochemical anomalies first reported by Compston et al.
[1968] for dolerite sills in SVL. They established the
unusually high initial strontium isotope ratios (¥'Sr/*Sr
= 0.710) and ratios of K/U (3.1-7.7x10%) and K/Th (1.3-
2.0x10°), all of which are closer to those of crustal rocks
than to mantle-derived basaltic magmas. Subsequent
work has demonstrated that these distinct isotopic and
chemical characteristics are present in Jurassic tholeiites
cropping out between NVL and the Theron Mountains
(summarized by Elliot [1992] and Fleming et al.
[1992b]) and contrast with those of tholeiites in Queen
Maud Land [Furnes et al., 1987; Harris et al., 1990).
The petrogenesis of the Ferrar tholeiites has been a
matter of considerable debate and has centered around
the extent to which crustal assimilation has contributed
to its geochemical and isotopic characteristics. Recently,
Fleming et al. [1992)] have shown that low-temperature
alteration has had a significant effect on the Sr- and O-
isotope geochemistry of the uppermost basalt unit in
NVL, and thus suggesting the need for re-evaluation of
petrogenetic models.

PREVIOUS GEOCHEMICAL STUDIES

Following the work of Compston et al. [1968] on
dolerite sills in SVL, geochemical investigations of
Ferrar rocks concentrated on the basalts in CTM.
Systematic stratigraphic variations in initial *Sr/Sr
ratios and correlations with major element and Sr con-
centrations were interpreted to reflect bulk assimilation
of crustal material by mantle-derived basalt magmas
having an ¥'Sr/*Sr ratio = 0.704 [Faure, 1981; Faure et
al, 1974, 1982]. Kyle [1980], on the other hand, using
all available published data for the whole of the TAM,


















































































































