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Abstract

The youngest preserved lava flows of the Jurassic Kirkpatrick Basalt of the Fetrar Large Igneous Province are unusually
distinctive. These flows, recognized in three geographic areas spread over 1600 km, have identical stratigraphic positions
and geochemical characteristics. The lavas have an evolved, Fe-rich tholeiitic composition with lithospheric trace element
ratios and enriched *’Sr/*Sr and “*Nd/**Nd isotope ratios. Except for the highly mobile elements, the major, trace and
isotopic compositions of lavas from all these localities lie within, or near, analytical precision of each other, and are distinct
from other Ferrar rocks. Moreover, the ages of the flows at all localities are indistinguishable. The unique characteristics of
these capping lavas suggest that they were derived from a single batch of magma. Magtna dispersal from a single reservoir
through dike swarms at middle to upper crustal levels is considered the most probable mechanism for large-scale transport

that extended for more than 3000 km. © 1999 Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Large igneous provinces (LIPs) represent volumi-
nous emplacements of magmas that form continental
flood basalt provinces, oceanic plateaus and other
features [1]. Many are attributed to initial stages
of mantle plume activity [2]. Emplacement rates in
LIPs may be extremely high [3], which in continen-
tal settings results in massive outpouring of lava and
intrusion of dike and sill complexes. In most cases
the extent of individual units in LIPs is difficult to
demonstrate because of erosion, crustal deformation
and the lack of distinctive features that allow char-
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acterization of a sill, dike, or flow, or of a magma
batch.

Ferrar tholeiites crop out in a linear belt extend-
ing for 3500 km along the Transantarctic Moun-
tains (TAM) (Fig. 1), and include the layered basic
Dufek intrusion, sills and dikes of the Ferrar Do-
lerite, basaltic pyroclastic deposits, and Kirkpatrick
Basalt lava flows. Ferrar tholeiites are geochemically
distinctive, with enriched Nd and Sr isotope com-
positions and lithospheric (crust-like) trace element
ratios [4—8]. Dolerites and basalts of Jurassic age in
New Zealand [9], Tasmania and South Australia [10]
have similar characteristics, and together with the
Ferrar tholeiites constitute the Perrar Large Igneous
Province (FLIP).

The distribution of FLIP tholeiites is not simply
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Fig. 1. Map of Antarctica showing the distribution of Jurassic
tholeiites. Boxed areas indicated by letters are illustrated in
Fig. 5.

related to the plate boundaries formed on Gond-
wanaland break-up. The exposed outcrops of FLIP
rocks are parallel to, but inboard of, the former ac-
tive subduction zone along the paleopacific margin
of Gondwanaland which has suggested a tectonic
relationship to that boundary [11-13]. Emplacement
contemporaneous with at least part of the Karoo [14]
suggests that the FLIP is an integral part of the mag-
matism that generated the Karoo tholeiites and was
associated with break-up of Gondwanaland [15].

This paper presents new chronological, chemical
and isotopic results for highly distinctive Pe-rich
Kirkpatrick Basalt flows that cap the lava sequence.
Three sites, spread over 1600 km in the Transantarc-
tic Mountains (TAM), are documented and demon-
strate the occurrence of a widely distributed batch of
magma which was derived from a single source and
transported long distances.

2. Kirkpatrick Basalt

The Kirkpatrick Basalt crops out in widely sep-
arated areas in the central Transantarctic Mountains
(CI'M) and Victoria Land (Fig. 1). In a study of the
Mesa Range, Fleming et al. [4-6] provided the first
comprehensive geochemical and isotopic data for
the Kirkpatrick Basalt and demonstrated the unique
composition of the lavas forming the uppermost unit
compared to the underlying lavas (Figs. 2 and 3)
which were named, respectively, the Scarab Peak
Chemical Type (SPCT) and the Mount Fazio Chemi-
cal Type (MFCT); this terminology is here extended
to all outcrop regions in the TAM. Assuming conti-
nuity between outcrops within each area, the SPCT
has a velume of about 230 km®. Originally, the
volume must have been greater, encompassing both
SPCT rocks beyond the present outcrops but since
eroded and those forming the SPCT feeder system.
Field relationships are described below.

In the Grosvenor Mountains (Figs. 1, 4 and 5A),
the SPCT crops out at Mt. Bumstead and along a
20 km escarpment. The SPCT unit is at least 80 m
thick and at Mt. Bumstead caps a 280 m section of
MFCT lavas. Snow and ice cover and the effects of
erosion obscure the original extent and thickness of
the SPCT here and everywhere else it is exposed.
In the Queen Alexandra Range (Figs. 1 and 5B)
the lavas attain a maximum stratigraphic thickness of
520 m. A single SPCT flow, with minimum thickness
of 65 m, caps the sequence at most basalt sections,
but occurs only as isolated remnants on mountain
summits. SPCT flows in CTM are medium grained
and massive, with the appearance of dolerites.

The Kirkpatrick Basalt occurs in scattered local-
ities in South Victoria Land (SVL) but the SPCT
unit is present only in the Prince Albert Mountains
(Figs. 1 and 5C). The thickest basalt section, at Brim-
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Fig. 2. Variation diagrams for selected major and trace elements versus Mg-number for Ferrar tholeiites. SPCT (Scarab Peak Chemical
Type) and MFCT (Mt. Fazio Chemical Type) lava compositions are geochemically distinct and do not fall along the same evolutionary
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Fig. 3. Variation diagrams for FeO and Zr versus model initial
8751 /%68r matios of SPCT lavas and MFCT lavas and sills to il-
lustrate the distinctive character of the SPCT. Data from Fleming
[L7].

stone Peak, is ~450 m thick [20]. The SPCT unit,
which caps the section, was originally interpreted as
a sill [7,20]. More recent discussions [21] and our
own observations, however, indicate that the field
relations are inconclusive. Because of the absence
elsewhere of sills within the lava sequence and the
presence of thick flows in most sections, the unit
is interpreted as a lava flow and the great thickness
(150 m) at Brimstone Peak as due to ponding of lava
by topography.

The most extensive exposures of the Kirkpatrick
Basalt are in the Mesa Range region (Figs. 1 and
5D). The thickest continuous sections measure more
than 700 m [19-22]. A single, hackly fractured
glassy flow, more than 80 m thick, forms the capping
unit at all examined localities [19] except for Pain
Mesa where, at Mount Masley, the SPCT is reported
to consist of six flows with a total thickness of 206
m [22]. At Haban Spur, pahochoe toes are developed
at the base of the flow [19].

Litell Rocks, a small outlier of Kirkpatrick Basalt
and its most northern occurrence, lies 130 km north
of the Mesa Range [23,24]. The exposed section
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Fig. 4. Stratigraphic sections of the MFCT and SPCT flows.
Sources: Mt. Bumstead and Storm Peak [18]; Brimstone Peak
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is limited, consisting of three SPCT flows, with a
total thickness of about 80 m, overlying 20-25 m of
MFCT flows. Pillow structures are present in one of
the SPCT flows.

In the Mesa Range and CTM, the SPCT units are
separated from the underlying MFCT lavas either by
a thin (<2 m) sedimentary interbed or a paleosol
developed on the underlying flow [19,22,25]. SPCT
lavas at Litell Rocks rest on an erosion surface cut
across the underlying lavas [23]. No such features
have been reported yet for the poorly exposed lower
contact of the SPCT in the Prince Albert Mountains.
Similar paleosols and sedimentary interbeds also
occur within the underlying MFCT lava sequence
[19,25].

3. Petrography

SPCT rocks in the Mesa Range are aphyric
throughout individual flows [6,19]. Microphe-
nocrysts of augite, pigeonite, and plagioclase are
set in variable amounts of glass containing quench
crystallized plagioclase, pyroxene, and opaques. Py-
roxene and plagioclase in a few samples are more
abundant and larger, and are set in a matrix of
curving plagioclase needles, less abundant pyroxene
grains, and disseminated opaques. Many samples
contain small patches of low-birefringent cryptocrys-
talline material. Some SPCT lavas at Litell Rocks are
petrographically similar [23,24].

SPCT rocks in SVL, CITM and some at Litell
Rocks, have significantly different textures. The con-
tacts and lowermost parts of flows are fine grained
but grade upward to medium-grained basalt with di-
abasic textures formed of pyroxenes and plagioclase.
In flow interiors, the interstitial matrix is fine grained
and consists of pyroxene, plagioclase, opaques, and
quartzo-feldspathic intergrowths. Small patches of
secondary minerals occur sparsely.

4. Results

4.1. Age relationships

Recent “°Ar/®Ar measurements on feldspars
from lavas, including SPCT samples from the Mesa
Range and Queen Alexandra Range, and sills [16,26]
have established the age relationships of the Ferrar
rocks. These results indicate no significant difference
in age between the MFCT and SPCT, and document
a short episode of magmatism, about 1 m.y., at
176.6 = 1.8 Ma for the province as a whole. To
complement that data set and to establish whether all
SPCT localities have the same age, nine additional
analyses were made of SPCT feldspar separates from
the Prince Albert Mountains and Grosvenor Moun-
tains; the results are summarized in Table 1 together
with previously published reliable age determina-
tions. Representative age spectra are shown in Fig. 6.
Plateau ages range from 174.9 to 177.4 Ma and,
excluding two samples (81-7-2B and 78208) which
have significant low-temperature discordance, total-
gas ages range from 175.3 to 178.0; both ranges are
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Fig. 5. Simplified geologic maps illustrating the distribution of SPCT rocks (see boxes on Fig. 1). Other known and possible SPCT rocks
crop out at, respectively, Litell Rocks and the Theron Mountains (Fig. 1).

Table 1
Summary of *0Ar/*?Ar ages for SPCT rocks from the Transantarctic Mountains
Sample Loc. ? Anal.® Total gas Plateau Ref.
K/Ca K/ClL age"® age® PAr
(% 100) Ma) (Ma) (%)
81-7-2A MR 41M3 4.38 938 1753 176.8+ 0.8 64 [26]
81-7-2B MR 41L3 6.42 329 161.8 176.1 + 0.6 45 [27]
81-13-3 MR 44D8 3.23 219 176.3 1764+ 0.9 94 [26]
78208 PAM 5502 4.90 689 1717 175241035 66 this study
78209 PAM 5503 5.51 481 177.2 177105 63 this study
97-51-53 PAM 5509 8.40 338 176.6 1749+ 0.5 72 this study
55011 8.35 331 176.6 1754105 T this study
97-55-1 PAM 5506 6.31 1140 177.8 1774+ 0.5 90 this study
5504 6.35 761 17724 - - this study
55P17 6.34 786 177.0 176.9+ 0.5 86 this study
85-76-61 QAR 4418 11.3 571 177.2 1765+ 0.5 64 [26]
85-76-63 QAR 44K11 10.3 714 176.8 17594+ 0.5 60 [26]
96-52-1 GM 55P9 5.17 1450 178.0 1772405 T this study
55P11 5.25 457 177.1¢ - - this study
55P18 5.01 884 177.6 1772405 81 this study

? Locations: MR = Mesa Range; PAM = Prince Albert Mountains; QAR = Queen Alexandra Range; GM = Grosvenor Mountains.
97-51-53, 97-55-1, Brimstone Peak; 78208, 78209, Griffin Nunatak; 85-76-61, 85-76-63, Storm Peak; 96-52-1, Mt. Bumstead.

b Laboratory analysis number. All analyses performed at Ohio State University using procedures previously outlined [26,27].

© Ages calculated using a total decay constant for **K of 5.543 x 107 yr~! and based upon intralaboratory fluence monitors compatible
with an age for Mmhb-1 of 513.5 Ma [28].

4 Sample was fused in a single increment.
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Fig. 6. Selected *0A1/* Ar age spectra for feldspars from SPCT rocks, Grosvenor Mountains and Prince Albert Mountains. Uncertainties
in apparent age are +1o, not including uncertainty in the age of the neutron-fluence monitor.

only slightly greater than the 2¢ uncertainties. Some
discordance is seen in the step-heating spectra, par-
ticularly for the high- and low-temperature fractions;
these age variations are attributed to mineralogical
impurities and other effects recognized previously
[26,27] for Ferrar feldspar separates.

The new **Ar/* Ar measurements are compatible
with previously determined ages and indicate that
the SPCT lavas in the Prince Albert Mountains and
Grosvenor Mountains have ages analytically indis-

tinguishable from the FLIP as a whole. For each
region, there is no discernable age difference for the
SPCT. Indeed, the entire range of observed ages is
encompassed by the Prince Albert Mountains sam-
ples which demonstrably represent a single flow. It
is not possible to define the ages of the SPCT rocks
with sufficient precision to verify that all SPCT
rocks are truly synchronous, as required for a single
batch of magma. The “°Ar/* Ar results are, however,
compatible with such synchroneity.
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4.2. Chemical composition

Comparison of published geochemical data for
SPCT rocks [6] and references therein, [8,21,24]
is rendered difficult because of interlaboratory bi-

Table 2
Major and trace element data for selected SPCT rocks

95

ases. Therefore, 28 samples representative of SPCT
rocks, including some previously studied, from the
three geographic areas were analyzed for major and
trace element compositions by XRF and INAA (Ta-
ble 2; the complete data set is in the EPSL Online

81-2-56 S82-22-1 78208 78220 33-58 85-73-37 85-76-59 5545 85-57-12  85-65-3 Mean Std.dev. = Precision

MR MR PAM PAM QAR QAR QAR GM GM GM (%) (%, lo)
Si0, 56.90 56.88 56.94 56.87 56.71 56.96 57.15 57.06 57.24 57.45 57.08 08 27 0.5
TiO, 1950 1948 1.953 1953 1.954 1.957 1.963 1957 1968 1.959 L976 2.8 27 1.0
AlO; 1214 1193 11.98 1201 12.01 1197 1201 1201 11.94 12.05 12.06 23 27 0.4
Fe; 05 L97 202 1.98 198 1.95 197 1.98 197 1.94 1.80 L96 36 27 Lo
FeO 13.16 13.44 13.22 13.19 13.30 13.12 13.18 13.12 1296 12.69 13.09 36 27 LO
MnO 0.204 0.230 0.204 0.205 0.205 0.183 0.188 Q.177 0.185 Q0.187 0195 73 27 LO
MgO 228 2.28 228 2.31 2.37 2.34 223 2.28 2.24 230 2.32 5.6 27 1.0
CaO 689 692 6.88 698 6.83 692 6.72 6.84 6.94 6.89 679 5.1 27 0.8
Na,0 2.15 245 2.50 2.36 2.52 248 245 247 251 246 242 85 27 08
K;0 2.10 Lo4 L79 Log L85 L85 L.87 L.8o 1.82 185 L83 7.8 27 L5
P;05 0.262 0.267 0.263 0.262 0.261 0.266 0.265 0.265 0.263 0.265 0264 3.2 27 5.0
Total 10000 10000 100,00 10000 10000 100.00 100.00 10000  100.00 100.00  100.00
LOL 0.98 L46 0.20 Q.36 L.0e 1.22 1.22 1.94 Q.72 0.82 L20 60 27
Total® 9935 99.67 100.17 99.11 99.53 99.04 99.73 99.38 99.73 99.75
5 382 421 295 318 574 261 350 243 233 166 304 42 27 5.0
Sc 403 4044 411 412 409 407 410 40.2 408 41.2 411 27 27 a6
v 430 430 434 438 391 - - 398 419 369 417 13 19 20
Cr 21 12 11 10 13 - - 12 14 13 13 21 19 4.0
Co 419 - - - 43.0 - - 419 422 426 43.1 5.0 12 (]
Ni 19 17 1] 18 17 - - 18 18 18 18 10 19 50
Cu 214 220 207 223 236 - - 212 222 185 219 7.8 19 2.0
Zn 140 141 129 145 147 133 141 163 142 142 145 6.5 27 a3
Ga 21 20 22 22 21 - - 21 20 22 21 32 192.0
As 201 310 2.50 2.10 L.60 L80 L.86 204 1L.60 L.70 L8O 23 27 50
Rb 70 81 77 88 73 70 68 69 69 71 72 8.4 270.4
Sr 129 132 134 132 135 121 125 127 130 134 129 4.5 27 a5
Y 36 54 56 56 35 - - 56 56 35 56 2.1 1920
Zr 243 233 239 237 229 221 227 234 234 238 232 31 27 30
Nb 9 10 10 10 9 - - 9 10 S 9 6.8 193.0
Sb Q.13 0.27 0.20 017 Q.11 Q.14 o1l 0.07 0.08 0.19 Q.14 37 26 20
Cs 218 2.60 248 2.53 L76 137 L77 196 144 1.32 193 23 27 3.0
BEa 423 420 389 380 388 397 399 391 400 407 399 55 273.0
La 2524 25.63 2591 2599 25.72 2596 26,03 2531 25.86 25.85 2577 24 27 1.0
Ce 570 550 55.9 56.4 57.2 56.6 582 550 505 582 56.6 29 27 2.0
Nd 24.2 293 24.8 30.6 26.1 255 23.2 270 25.0 26.0 26.7 9.6 27 6.0
Sm 716 137 7.03 741 7.34 731 740 .15 742 733 732 27 27 L0
Eu L72 L71 L77 L77 L.73 L76 L65 L70 L72 176 L72 26 27 Lo
Th L24 L31 1.38 L27 L.30 140 1.30 L31 1.39 1.27 L33 5.5 27 2.0
Yb 5.02 5.39 540 5.35 5.40 5.23 538 5.27 549 5.19 5.31 25 27 10
Lu 076 0.78 074 075 Q.77 0.81 0.79 Q.77 0.80 079 0.78 33 27 2.0
Hf 6.40 6.23 651 647 6.16 6.55 631 6.28 6.40 641 6.31 37 27 20
Ta Q.78 092 0.77 0.81 0.71 1.23 L48 0.70 0.69 0.74 050 31 27 20
w Q.80 - - - L10 - - 0.90 150 1.90 L18 48 9 -
Pb 12 10 12 11 12 - - 10 11 11 11 9.0 19 5.0
Th 697 679 6.87 135 6.96 6.96 6.83 699 6.92 695 695 33 27 1.0
U L87 1.88 224 L81 1.84 182 1.82 198 162 1.83 o1 12 27 30

Major elements are recalculated to 100% loss-free with weight ratio of Fe; 05 /FeO = 0.15. Values are wt.% for major element oxides and ppm for trace elements.
Analytical procedures outlined in Hallett and Kyle [29]. For explanation of sample locations see Table 1.
# Original analytical total for major element oxides and LOI prior to normalization to 100%.



96 D.H. Elliot et al. / Earth and Planetary Science Letters 167 (1999) 89-104
60 =TT T T T T 23
Si0o (wt. % TiOp (wt. %) | = GM
go | S102 (wt. %) | Mozt DM
. 85.76.67 : ;‘;M_ 2.2
58 F . 1 .
+f . B1-13-3[ 85-76-63 -1 2.1
n .|
57 0‘”’ 4_-10]:
| 85-76-63 I * 120
56 . i1GI .‘ﬁ: 81133
*
55 —t+—+—+—+—+ —t—t—t+—+—F+— 1.0
Ca0 (wt. % Zr (ppm .
(wt. %) A P
85-76-57 .4. A 81-133
7k > - we
[ ] * |}
85-76-63 Ml B Se, ~ 230
u
B . - 220
6 - i
I xlo * . o
- 81-13-3| 85-76-63 -1 210
85-76-57
5 ———+—+——+ ——+—+—+—+— 200
8177 Ma
sg |- Y (ppm) 1€, 4 40
# o .
56 |- Y- T e : o] 42
., prios [e5 7663 . 0’: 81-13-3
54 |- * -+ A H-44
85-76-63 +1UI 11‘5{
52 o + --4.8
50 | | 1 1 ! 1 | | | 1 | | -48

28 27 26 25 24 23 22
Mg-number

27 26 25 24 23 22 21
Mg-number
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Background Data Set!). The compositions are re-
markably similar and as shown in a previous study
[6], homogeneity approaches analytical precision for
most elements; the principal exceptions are the al-
kalis (Rb, K, Na) which show significant variations

! http:/ fwww.elsevier.nl/locate/epsl, mirror site:
http:/ /www.elseviercom/locate/epsl

resulting from post-magmatic alteration. Differences
between the various regions are no greater than
those observed within any one region (Fig. 7). Some
samples differ slightly from the majority. Sample 81-
13-3 is coarser grained and more altered than other
NVL samples [6], and also shows slightly greater
iron enrichment suggesting some in situ differenti-
ation. Sample 85-76-57 is from close to the lower
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contact and exhibits alteration, whereas sample 85-
76-63, from about 40 m above the base of the flow,
is very coarse grained which again suggests that
differences result from in situ differentiation; other
samples from that flow (e.g. 85-76-59) do not exhibit
such differences. Previous analyses of five samples
through the 150-m-thick SPCT unit at Brimstone
Peak showed small variations which were attributed
to in situ differentiation [21], which is consistent
with the overall coarse grain size at that locality.
In light of the unusual composition of the SPCT
rocks, these new results demonstrate an unusual and
remarkably tight clustering of compositions (Fig. 7)
for samples spread over 1600 km.

All SPCT rocks are lavas. A few dolerites, with
compositions similar to these rocks have been re-
ported from the Theron Mountains (Fig. 1) [30]; one
has been dated at 177.5 == 1.7 Ma [31], suggesting
that they are contemporaneous, within uncertainty,
with the SPCT lavas. However, those dolerites with
SPCT-like compositions show significantly greater
variability and cannot be compared directly to our
data set.

The geochemical characteristics of the SPCT
rocks are best seen in comparison with the underly-
ing MECT (Figs. 2 and 3) which constitutes more
than 99% of Ferrar rocks by volume. The SPCT com-
position is unique among Kirkpatrick Basalt lavas
and in the FLIP as a whole.

4.3. Isotopic composition of Sr and Nd

The existing Sr and Nd isotope data for the SPCT
provide an incomplete coverage of the areas of out-
crop and a wide range of Sr isotope initial ratios
(0.7085-0.7113) ([6] and references therein) and &g
values (—3.5 to —4.4) [4,5]. Therefore, data previ-
ously acquired [4,17] at the Ohio State University
radiogenic isotope lab have been augmented by anal-
yses of an additional nine whole rocks and two
plagioclase separates (Table 3; Fig. 8).

The mobility of Rb during Cretaceous alteration
[4,6,33] makes it difficult to establish reliably the
initial 38r/%8r ratios at the time of eruption. The
calculated values of initial ¥ Sr/% Sr for whole rocks
are therefore referred to as ‘model” initial ratios to
emphasize that they may not reflect original mag-
matic values [4]. Model initial ratios determined
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Fig. 8. Tnitial ¥7Sr/%Sr ratio versus gyg for SPCT whole-rock
samples. Almost all gy values agree within +1o whereas the
model initial ¥8r/%Sr ratios show a spread resulting from
Rb mobility during the Cretaceous [6,33]. For explanation of
symbols see Fig. 7.

from the analysis of feldspar separates are gener-
ally more reliable than those for whole-rock sam-
ples.

The whole-rock analyses show a range of model
initial ¥Sr/%8r ratios from 0.70919 to 0.70981.
The one sample outside this range, 81-8-1 from the
Mesa Range, has clearly suffered Rb addition dur-
ing Cretaceous alteration [6] and thus is unreliable.
The slightly lower ratios (0.7092-0.7094) for the
whole rocks from the Prince Albert Mountains are
attributed to the somewhat elevated Rb concentra-
tions, which suggest slight Cretaceous alteration; this
is supported by the slightly higher plagioclase model
initial ratio (0.7095). It is concluded that SPCT rocks
at all localities had the same or very similar initial
878r/88r ratio near 0.7096. This value is distinct
from those for the underlying MFCT lavas.

Due to the low mobility of REE and more uni-
form corrections for in situ 47Sm decay, Nd isotopes
are much less affected than Sr by post-magmatic
processes. The initial “3Nd/“*Nd ratios for SPCT
rocks from all localities are very similar and are al-
most analytically indistinguishable (Table 3; Fig. 8).
The average initial “*Nd/"Nd for samples listed
in Table 3 is 0.512191 with a standard deviation of
0.000006 (&g of —4.30 £0.12).
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5. Discussion

The SPCT rocks represent a highly distinctive
phase of Ferrar magmatism. The uniformity of the
chemical and isotopic composition of the SPCT
rocks, which are spread out over 1600 km, is unpar-
alleled. There are two possible explanations: either
some physico-chemical control on magma genera-
tion and evolution can produce identical batches of
magma, or all SPCT rocks were derived from a com-
mon batch of magma. In the latter event, the rocks
represent either a single lava that flowed a long dis-
tance or sub-surface transport of magmas over large
distances, within the crust or at the crust—-mantle
boundary; in all cases magma was dispersed from a
commeon source (see Fig. 9). The discussion below
addresses these alternatives.

5.1. Physico-chemical controls on magma evolution

Regardless of the ultimate source of the Ferrar
magmas, SPCT rocks are far too evolved (Mg-num-
ber = 24) to be related in any simple manner to
primary mantle melts, and too Fe-rich (FeOT =
15%) to be derived by melting of typical lower crust.
Furthermore, SPCT compositions plot near the 1 atm
cotectic in Ol-Di-8i0; space, thus demonstrating

that final evolution was controlled by low-pressure
processes, dominated by fractional crystallization.

Magma compositions may also be controlled in
the later stages of evolution by processes such as
eutectic crystallization or mixing. These processes
tend to buffer the major element compositions of
magmas but not trace element concentrations [34].
The remarkably uniform trace element abundances
of the SPCT rocks suggest that they represent a
single batch of magma, not an evolving system.

The high ¥Sr/®¥8r and low "*Nd/'*'Nd initial
ratios, high-field-strength element depletions, and
lithospheric trace element ratios of all Ferrar rocks,
including the SPCT, have been atiributed to (1) a
lithospheric mantle source region enriched by sub-
duction processes along the Gondwana Plate margin
[5,7,10,13], (2) assimilation of continental crust ([4]
and references therein), or (3) some combination
of the two. Given the likely heterogeneity of the
lithospheric mantle, it seems improbable that the
SPCT is the result of widely spaced separate melting
events of an enriched mantle that produced magmas
which then evolved independently to a single iden-
tical composition by assimilation/fractional crystal-
lization processes. Nor is it considered likely that the
SPCT is the result of separate batches of magma,
produced from a single source, undergoing identical
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Fig. 9. Schematic diagram for possible sites of magma evolution and transport paths for the SPCT magma. Given the spatial separation
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processes of assimilation and fractional crystalliza-
tion. The restricted range of plagioclase ¥ Sr/®68r
initial ratios constrains variation in the amount of
assimilation to <1%.

3.2, Long-distance transport

The dispersal of magma from its point of origin
is a significant issue in understanding flood basalt
provinces [35], their mode of emplacement, and
relationships to thermal anomalies (plumes or supet-
plumes). Following subsurface migration for some
uncertain distance, magma could be distributed sev-
eral hundred kilometers by surface flow, as is evident
in many continental flood basalt provinces [36]. Al-
ternatively, most migration might occur within the
crust as demonstrated for the Mackenzie dike swarm
[37].

5.2.1. Surface transport (Fig. 9A)

The Kirkpatrick basalts are preserved as erosional
remnants forming summits in the Transantarctic
Mountains. Based on structural, petrologic and strati-
graphic evidence, the lavas and the underlying py-
roclastic rocks were erupted into an active volcano-
tectonic rift zone [38,39] associated with Gondwana-
land break-up. Lacustrine interbeds and paleosols
beneath the SPCT and within the MFCT lava se-
quence, rather than fluvial deposits [25], suggest a
setting with enclosed basins and that the present
outcrops do not represent the remnants of a once
continuous lava unit more than 1200 km in extent.

5.2.2. Supracrustal transport (Fig. 9B)

Sills are widespread in Beacon strata but known
only at scattered localities in the basement where
they are close to the Beacon/basement unconformity.
Because all known dolerite sill and dike composi-
tions are MFCT (Fig. 2) [16], supracrustal transport
of SPCT magmas via sills is unlikely to be the pri-
mary dispersal mechanism. In addition, paleohighs
divide the Beacon strata into several basins [40],
which would inhibit the movement of magma over
thresholds and down into the lower, isolated parts
of basins distal from the source. Furthermore, recent
work on the Perrar sills in SVL suggests a local
conduit for magma transport from depth and then
lateral dispersal in sills [41]. Late stages of magma

migration involving supracrustal transport for 100
km or more within Beacon strata is evident for the
sills and therefore cannot be discounted for the lavas.

5.2.3. Crustal transport

Low-pressure equilibration of the SPCT indicates
final evolution and transport of the magma at middle
to upper crustal levels before emplacement as sills,
or via sills to eruptive centers, or directly to the
surface. SPCT lavas are aphyric, reducing the pos-
sibility of flow differentiation. The lack of variation
in initial Sr isotope ratios and the susceptibility of
Sr isotopes to contamination, in this case by crust
of the Ross orogenic belt which has (878r/ B8r) 177 Ma
ratios commonly =0.720 [42], preclude significant
contamination. Therefore, any transport, whether for
short or long distances, from the final point of evo-
lution requires both effective sealing of conduits to
eliminate crustal contamination and high flow rates
to inhibit fractionation. Three general scenarios can
be envisaged: (1) a source region and crustal equili-
bration both proximal to the present SPCT outcrops;
(2) a distal source region but proximal crustal equi-
libration; and (3) a source region and site of crustal
equilibration both distal to present SPCT outcrops.

Magmas might have been derived from a sin-
gle source in the subjacent mantle (Fig. 9F) and
equilibrated at middle to upper crustal levels, with
dispersal of magmas over at least 800 km, assum-
ing their origin in the center of the SPCT outcrop
area. Cumulates and other gabbroic bodies formed
on evolution of the primary melts might therefore
exist at depth. Gravity models of the Transantarc-
tic Mountains in SVL suggest the presence of a
high-density body at depth [43] and, about 200 km
north of that locality, a lower crustal layer with high
seismic velocity interpreted as basaltic rocks [44].
Both might consist of Ferrar cumulates; however,
tholeiitic gabbro xenoliths recovered from Cenozoic
volcanic rocks [45] do not have appropriate isotopic
compositions for Ferrar rocks.

Because of the inferred thermal anomaly (mantle
plume) at the Antarctica—Africa conjunction, SPCT
magma could have been transported at the crust—
mantle boundary or within the lower crust from a
single reservoir (Fig. 9D,E) in the Weddell Sea re-
gion (Fig. 10) [14-16]. Magmas could have evolved
in transit to, as well as at, a site of final low-pressure















