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Mount Ross 1s the youngest, ~1-0-1 Ma, volcanic edifice recognized
wn the Kerguelen Archipelago, which is located on the northern part
of the submarine Kerguelen Plateau. Lava types range from basaltic
trachyandestte to trachyte and extensive glaciation has exposed an
intrusive core ranging from gabbro to syenite. Mount Ross rocks are
not as silica undersaturated as the basamite to phonolite Upper
Muocene lavas erupted in the Southeast Province of the archipelago;
howeven, both lava suites are characterized by relatively high ¥ Sr/
BSr (0-7051-0-7054 and 0-7054—0-7058, respectively) and
low " Pb/*"Ph (18-02—18-14 and 18-06—18-27, respectively).
The abundant trachytes and phonolites in the age range from Lower
Miocene to Pleistocene on the Rerguelen Archipelago indicate that
the supply of basaltic magma has been low for the last 20 my.
Despite the prolonged time period required for extensive mineral
Jractionation, there is no evidence for assimilation of geochemically
distinctive lithosphere; 1.e. most of the trachytes and syenites have
matial isotopic ratios within the narrow range of the more mafic
rocks. Volcanic and plutonic rocks of diverse composition and age
(~0-1-30 Ma) wn the Rerguelen Archipelago have similar initial
wsotopic ratios; consequently, we infer that the Kerguelen plume is
characterized by ¥ Sr/*Sr = 0-7051-0-7058, "“Nd/""*Nd =
0-51263-0-51249 and *"°Pb/*"'Ph = 18-02-18-27.

*Corresponding author. e-mail: dweis@ulb.ac.be
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INTRODUCTION

The Kerguelen Archipelago on the northern Kerguelen
Plateau (Fig. 1a) has a history from ~40 to 0-1 Ma of
volcanism that is attributed to the Kerguelen plume (Weis
et al., 1989b). Before forming the Kerguelen Archipelago
and perhaps Heard Island which are on the Antarctic
plate, the long-lived (~115 my) Kerguelen plume formed
a very large igneous province (Kerguelen Plateau) fol-
lowed by an ~5000 km hotspot track (Ninetyeast Ridge,
Weis et al., 1992). The plume is geochemically distinctive
because it has DUPAL isotopic characteristics (Weis et
al., 1989b). Weis et al. (1993) proposed that the purest
representation of the Sr, Nd and Pb isotopic char-
acteristics of this plume are in the Upper Miocene lavas
erupted from 10-2 to 6:6 Ma in the Southeast Province
of the archipelago. In contrast to the conclusion of Weis
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etal. (1993), Class et al. (1993) proposed that some recently
erupted Heard Island lavas are the purest representation
of the Kerguelen plume. The pros and cons of these
different interpretations were discussed by Class et al.
(1996) and Frey & Weis (1995, 1996). In an effort to
further evaluate these hypotheses and to identify the
petrogenetic processes that were important in con-
structing the archipelago, we are determining the spatial
and temporal geochemical variations in archipelago lavas.
In this paper we discuss the igneous rocks associated with
Mount Ross, one of the youngest (<1 Ma) and largest
volcanic edifices in the Kerguelen archipelago; at 1850 m
it forms the highest summit (Fig. 1).

Highly evolved lavas, trachytes, are abundant at Mount
Ross. We conclude that fractional crystallization of a
more mafic magma within the crust was a major process
in creating these trachytes. During this period of crustal
processing assimilation of lithosphere was likely. How-
ever, the geochemical characteristics of Mount Ross
trachytes provide meagre evidence for assimilation of
a geochemically distinctive lithosphere component. In
contrast, the relatively high ¥Sr/®*Sr (up to 0-7079) in
some trachytes from Heard Island, which is located
~400 km further south on the Kerguelen Plateau (Fig. 1a),
may indicate assimilation of a lithospheric component
(Barling et al., 1994). The contrasting inferences from
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Fig. 1. (a) Generalized geological map of the Kerguelen Archipelago showing the locations of Mount Ross and the Southeast Province and the
major features on the Archipelago. Lavas from sections of the flood basalts at Mt Bureau and Mt Rabouillére were studied by Yang et al. (1998)
and at Mt Crozier by Damasceno ¢ al. (1997). Inset: map of the eastern Indian Ocean showing major volcanic structures that are attributed to
the Kerguelen plume, i.e. the ~115-85 Ma Kerguelen Plateau and Broken Ridge, the ~82-38 Ma Ninetyeast Ridge and the ~40-0-1 Ma
Kerguelen Archipelago located at ~50°S on the northern Kerguelen Plateau. @, locations where basaltic basement has been recovered by

dredging and drilling. (b) Simplified geological map of Mount Ross show

these two 1slands may reflect the absence of geochemically
distinctive Cretaceous lithosphere beneath the Kerguelen
Archipelago (Coffin & Eldholm, 1994).

GEOLOGY OF MOUNT ROSS

Mount Ross was constructed on flood basalts that cover
~85% of the archipelago (Fig. 1a). These flood basalts
are cut by numerous dikes and sills of gabbros which are
older than 20 Ma (Giret & Lameyre, 1983; Giret &
Beaux, 1984; Giret ef al., 1988). Seismic refraction data
in the vicinity of Mount Ross indicate an upper crust of
~11 km (V, = 5-35-6-60 km/s) and a lower crust of

6-7 km (V, = 6-85-7-35 km/s). Although the total crustal
thickness is typical of the archipelago, the seismic velocity

ing major units and sample locations.

(V,) in the upper crust at Mount Ross exceeds those of
the surrounding flood basalts (Recq et al., 1994).

Giret ¢t al. (1988) summarized the morphological char-
acteristics of Mount Ross volcano. It is a nearly circular
cone with very steep slopes, a diameter of 16 km, a
preserved area of 195 km? a volume of 135 km® and a
central depression, 45 km in diameter (Fig. 1b). At
~1000 m below the summit, the regression of several
glaciers in a radial system of valleys has exposed the
volcanic and plutonic rocks forming the interior of the
volcano. The volcano flanks are made of flows of
trachyandesite and basaltic trachyandesite [nomenclature
of Le Bas et al. (1986)] imnterbedded with pyroclastic
deposits and thick trachytic flows. The summit area is a
1 km pile of pyroclastic deposits intruded by dikes and
sills of trachytes. Trachyte also occurs as small peripheral

975



JOURNAL OF PETROLOGY

cones and tabular structures filling >100 m depressions.
Some of the lavas contain xenoliths of gabbro and
monzonite; an intrusive complex of gabbro, monzonite
and rare nepheline syenite with numerous trachytic dikes
1s exposed high on the flanks (Fig. 1b). Although on the
basis of previous age considerations (Nougier, 1970),
Giret et al. (1988) proposed that Mount Ross was formed
in two stages, a basaltic phase at 4-2 Ma followed by a
trachytic stage at <0-5 Ma, new K/Ar ages indicate that
most of the Mount Ross plutonic and volcanic rocks are
young, <1 Ma.

SAMPLING

Although modest in height, extreme weather conditions,
abundant ice and its remote location make access to
Mount Ross difficult. Our samples are from glacial val-
leys, the volcano flanks and surrounding basement.
Sample locations are shown in Fig. 1b. We selected
for geochemical studies five samples of the 20-25 Ma
basement rocks (four gabbros and a flood basalt), and 22
samples from Mount Ross [two gabbros, two syenites,
seven lavas with 2:3-4% MgO (lavas with higher MgO
contents were not found), and 11 highly evolved lavas
(0-16-1-9% MgO)]. In addition, Nougier (1970) reported
major element compositions of 22 Mount Ross trachytes.

ANALYTICAL PROCEDURES

Abundances of major elements and the trace elements
Rb, Sr, Ba, V, Ni, Zn, Ga, Y, Zr and Nb (Table 1)
were determined by X-ray fluorescence (XRF) at the
University of Massachusetts, Amherst (Rhodes, 1983). All
XRF data are means of duplicate analyses. Abundances of
the trace elements, Sc, Cr, Co, Hf, Ta, Th, and several
rare earth elements (REE) (Table 1) were determined by
mstrumental neutron activation at MIT (Ila & Frey,
1984). Precision estimates are indicated by duplicate
analyses for eight samples (Table 1b).

Samples for K-Ar dating were selected according
to their structural location and their mineralogy. In
particular, the zeolitized basement is best dated by using
the relatively unaltered intrusive gabbroic dikes. Classical
K—Ar analytical procedures (Cantagrel & Baubron, 1983)
were used on whole-rock samples after separation of
olivine and pyroxene phenocrysts. Argon was extracted
from sample aliquots of 0-5-2 g and analyzed by isotopic
dilution with a modified MS10 mass spectrometer. Potas-
sium abundance was determined in duplicate by atomic
absorption spectrometry (Table 2). Errors in age are +2
SD (Table 2).

Samples for radiogenic isotope analyses (Sr, Nd and
Pb) were selected to include samples from all parts of
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the volcano and to encompass the entire range of chemical
composition (Table 3). The chemical procedure used
1s similar to that described in Weis et al. (1987) with
improvements discussed in Weis & Frey (1991). The
samples are not visibly altered and tests indicated that
acid leaching had no effect on *’Sr/*Sr ratios. Therefore,
Mount Ross samples were not acid leached.

Total blank values were <1 ng for all three isotopic
systems considered. Such values are negligible in view of
the elemental concentrations in the samples. Sr and
Nd 1sotopic compositions were measured, on single Ta
filaments and triple Re—Ta filaments, respectively, in the
dynamic mode, on a VG Sector 54 multicollector mass
spectrometer with an internal precision better than
1 x 10° unless specified in Table 3. Sr isotopic ratios
were normalized to *Sr/*Sr = 0-1194 and Nd isotopic
ratios (147, 146, 145, 144, 143 and 142), measured as
metal, to "Nd/'""'Nd = 0-7219. The average *’Sr/*Sr
value of the NBS 987 Sr standard was 0-710232 + 8
(20,, on 18 samples) and analyses of the Merck Nd
standard yielded MNd/"™MNd = 0-51173 + 1 and "*Nd/
"Nd = 0-348417 + 5 (206, on 12 samples). Pb isotopic
compositions and Pb and U concentrations by isotope
dilution were measured on single Re filaments with a
Finnigan Mat 260 mass spectrometer, using the H;PO,—
silica gel technique. All Pb isotopic ratios were corrected
for mass fractionation (0-13 + 0-04% per a.m.u.) on the
basis of 72 analyses of the NBS 981 Pb standard for a
temperature range between 1090°C and 1200°C.
Between-run precisions were better than ~0-1% for
“Ph/***Pb and *’Pb/*'Pb and better than ~0-15% for
QUSPb/204Pb.

PETROGRAPHY

The volcanic and plutonic rocks from Mount Ross have
similar mineralogy. Gabbros typically have a doleritic
texture with pyroxene and minor olivine surrounded by
plagioclase either as microlites or coarse crystals with
accessory apatite, Fe—T1 oxides and rare biotite. The
basaltic trachyandesites and trachyandesites typically
have a fluidal texture. They contain abundant plagioclase
(Ans gp), augite and olivine (Fog; g) as phenocrysts and
groundmass phases; in some cases the groundmass also
contains abundant Fe—T1 oxides. The thick and obviously
viscous trachyte flows have a groundmass of fluidal
plagioclase and potassium feldspar microlites surrounding
abundant phenocrysts of plagioclase, potassium feldspar,
augite and minor hedenbergite. Acmitic augite is an
mnterstitial phase and rare biotite is largely replaced by
Fe—Ti oxides. Angular, 1-10 cm, xenoliths of basalt and
gabbro are most common in the margins of trachyte
flows. There is a progressive transition from trachyte to
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Table 1a: Compositional data for ~20-25 Ma basement rocks in the Mount Ross area (major

elements in wt %o; trace elements in ppm)

Sample: 145 83 78 91 128
Rock type: G G G G TB
Sio, 47-71 49.71 51.50 51-14 48.46
TiO, 175 1-66 2.48 2.45 2.82
Al, 0, 16-31 15-96 15-48 17.27 17-40
Fe,0; 11-43 11-04 10-14 9-41 11-63
MnO 0.-17 0-15 0-14 0-12 0.17
MgO 7-32 6-39 6.27 4.29 4.02
CaO 10-92 10-44 9.44 6-91 9.75
Na,O 2.95 323 3.04 4.77 3-47
K,O 0-80 0-96 110 2-66 1-66
P,05 0-22 0-23 0-32 0-63 0-71
Total 99.59 99.76 99.89 99.65 100-08
Rb 36-9
Cs 0-28
Sr 756
Ba 753
Sc 290 25.4 199 141 19.7
Vv 178
Cr 218 246 154 6-0 55
Co 41.2 431 40-2 28-2 34.2
Ni 44
Zn 94
Ga 215
Y 24.4
7r 220
Nb 34

Hf 2.79 3-00 3.07 6-24 5.09
Ta 0-88 0-93 1.55 2.54 1.97
Th 158 1.75 2.01 5.36 3.9
U 0-37 0-48 0-46 1-20 0-84
Pb 1-6 1-4 1-9 5.4 2.8
La 15-5 155 211 45.1 36-2
Ce 34.7 355 47-4 96-5 84.3
Nd 1756 189 2241 40-0 40-1
Sm 356 4.57 5.01 7-76 8-10
Eu 1.27 1.56 1-90 2.51 319
Tb 0-55 0-71 0-65 0-97 0-88
Yb 1.27 1.62 1.18 1.59 1.81
Lu 0-18 0-21 0-14 0-22 0-26
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Table 1b: Compositional data for volcanic and plutonic rocks from Mount Ross in order of decreasing

MgO (major elements in wt %; trace elements in ppm)

Sample: 121 99 64.1 39 97 57 48 54
Rock type: G BTA G BTA BTA BTA BTA BTA
Sio, 46:55 48.68+0-02  49.22 49.53 50-52 49.60 51.19+0-06 51.87
TiO, 341 2-88+0-01 2.59 2.49 2.24 2.38 2:20+0-01 200
AlLO, 17.27 17-36+0:04 16-79 1712 18:51 19.05 18.04+0-05 19.47
Fe,0; 11.82 11-33+0-01 1171 11.04 9:42 9:34 9:568+0-01 8.64
MnO 0-16 0-17 +0-01 0-19 0-20 0:17 0:15 0-17+0-01 0-16
MgO 5.32 3:98+0-05 3.85 351 319 2.95 2-86+0-07 2:40
CaO 8.43 7-16+0-91 6-28 6-73 713 7-81 6-47 +0-01 7-36
Na,O 3.74 4.36+0.01 4.36 4.69 4.37 4.46 4.59+0.-03 5.03
K,O 2.37 3:01+0-01 330 3:31 321 2.91 3:65+0-01 216
P,05 0-65 1-01+0-01 1.29 143 0-98 1.02 0-88+0-01 0-97
Total 99.71 99.94 99.59 100-05 99.72 99.67 99.63 100-05
Rb 43.0 623 63-3 712 64-3 77-9 635
Cs 0-29+0-03 0-48+0-06 0-31 0.-57 0.57 0-36 £0-07 0-49
Sr 945 965 892 971 1056 864 993
Ba 794 939 921 831 840
Sc 15.6 12:440-2 11-7+£0-1 117 11-0 10-8 11.0+0-1 98
\ 112 84 74 97 71

Cr 45 9 12-04+0-6 17 4 11.0+£0-1 6
Co 40.7 27-8+0-3 25.8+0-1 20-8 213 225 18:6+0-1 171
Ni 19 12 25 17 14
Zn 101 133 101 97 97
Ga 22.0 213 229 234 233 239 24.3
Y 22.9 28.7 374 328 30-0 345 309
Zr 363 367 396 361 384
Nb 63 73 71 62 64
Hf 6-37 7-79+0-17 8.1+0-2 824 856 7-79 9:16+0-56 818
Ta 316 3-81+0-18 3-87+0-16 4.20 3:96 3.55 4.44+0-07 3.73
Th 5.36 6-53+0-28 7-02+0-05 69 81 7-2 8-10+0-77 7-6
U 15 1.76 1-40 1-80 1-60 1-94 1.6
Pb 5.1 5.7 5.4 5.7 4.8 6-3 5.2
La 431 56-8+0-2 67-2+2.2 67-7 64-7 57.5 70-4+2-8 61.7
Ce 941 124+0-1 144 +1 154 143 126 154 +1 136
Nd 40-4 54.6+1-3 63-4+0-1 69:1 60-8 54.8 64-8+0-1 57.9
Sm 7-98 10-440-1 11-8+0-4 14.0 11-6 10-9 11.8+0-3 10-8
Eu 264 3-38+0-07 3-88+0-05 4.32 3:48 3-41 3-58+0-03 3.68
Tb 0-86 1-1440-05 1.30+0-12 1.56 1-30 113 1.30+0-05 111
Yb 2:22 2:34+0-09 2.53+0-10 2.73 2.67 2-30 2:75+0-30 263
Lu 0-27 0-31+0-01 0-35+0-02 0-37 0-33 0-32 0-39+0-01 0-35

syenite as the proportion of fluidal feldspar microlites hedenbergite, Fe—'T1 oxides, and late interstitial acmitic
decreases and the crystal size increases to coarse grained. augite and nepheline; analcite and calcite are common
The syenites contain sodic plagioclase, alkali feldspar, secondary phases.
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Sample: 130 142 38 144 107 61 44 98
Rock type: BTA TA TA TA TA S T T

Sio, 52.28 55.00 55.31 55.47 56-61 59.35 60-44 61-05
TiO, 1-82 1.57 1-31 1.27 1-09 0-64 0-49 0-49
AlLO, 19-12 17-87 17-84 19-45 17-92 18:45 18:10 18:12
Fe,0; 8-68 8-41 8-68 6-71 779 5.92 5.53 5.18
MnO 0-17 0-18 0-19 0-14 0-18 0-16 0-17 0-16
MgO 2.33 1.88 1.73 143 1.27 0-83 0-59 0-43
CaO 6-34 4.57 4.18 4.56 3.06 2.70 2.03 1-68
Na,O 4.56 5.03 5.13 5.17 5.70 5.45 6-24 6-18
K,0 352 4.58 4.63 4.37 5.61 5.78 5.91 6-35
P,05 0-86 0-60 0-62 0-59 0-43 0-26 0-15 0-11
Total 99-68 99-68 99-62 99-68 99-64 99-51 99.64 99.74
Rb 73-6 88-0 114 142 1386 128

Cs 0-48+0-01 0-38 0-42+0-01 0-98 118 0-60+0-01 119 0-93
Sr 949 736 729 400 115 26-1
Ba 971 2047 1062 1153 313 58

Sc 8:99+0-01 119 9-5+0-1 6-0 71 5.5+0-1 6-7 5.7
Vv 47 19 23 6 5 1

Cr 741 1-8 2 2.5

Co 13:7+£0-1 8.7 7-1£0-1 84 5.7 -340-1 15 0-8
Ni 12 7 17 16 1 1

Zn 112 110 89 131 103 88
Ga 24.7 23.7 25.7 26-4 27.4 24.7
Y 333 34.9 334 43.5 43.4 37-0
Zr 442 475 626 737 796 641
Nb 78 84 98 119 126 101

Hf 8.84+0.18 104 10.9+4 128 16-3 14.94+0-5 166 13.7
Ta 4.17 +0.06 4.71 4.804-0-08 5.46 6-51 6-30+0-13 6-83 5.63
Th 8:12+0-13 9-29 9-1+0-8 13.0 15.5 12.8+0-6 15.2 12.5
U 1-90 1.70 2.05 3-00 3-30 3.04 3.50 2.70
Pb 6-1 7-4 81 86 10-2 10-4 1.7 10-7
La 67.5+1.6 73.0 749+2-4 77-6 91-8 90-2+4 95.9 825
Ce 146+2 154 158+3 159 194 190+9 196 170
Nd 61-4+1-8 63-6 61-2+0-6 61-1 745 72.3+1 75 66-2
Sm 11-4+0-5 116 11-:0+0-1 110 139 13:5+0-7 12.7 11-6
Eu 3-66+0-09 4.49 3-62+0-02 323 372 2:23+0-03 1.54 2-19
Tb 1-26+0-09 1-32 1-22+0-01 1.22 1-60 1-46 +0-02 1-63 1-44
Yb 2-60+0-01 321 2.96+0-20 2.84 4.12 3-68+0-02 3.90 3:50
Lu 0-37+£0-01 0-42 0-40+0-01 0-42 0-55 0-53+0-02 0-57 0-54

ANALYTICAL RESULTS
K-Ar ages
Mount Ross volcano was built on an early Miocene

basaltic basement containing intrusive gabbroic dikes
which range in age from approximately 24 to 20 Ma

(Table 2). Based on the K-Ar dates (Table 2) and
field geology (Fig. 1), Mount Ross was probably
constructed in several Pleistocene episodes. Volcanism
began at ~1 Ma. The interval from 1 Ma to 0-4 Ma
is represented by intrusive and extrusive rocks exposed
at the head of the main eastern glacier (Buffon Glacier
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Table 1b: continued

Sample: 131 29 106 108 143 112
Rock type: T T T T T S
Sio, 60-32 61-10 60-56 61.20+0-09 61.00+0-04 61.92
TiO, 0-41 0-39 0.-27 0-24+0.-01 0-079+0-001 0-125
Al,O, 18:14 1802 18.27 18:62+0-06 18-87 +0.04 18-21
Fe,0; 5.97 6-20 5.65 5.01+0.-01 4.87 £0.-01 4.70
MnO 0-17 0-18 0-18 0-16+0:01 0-17 £0:01 0-18
MgO 0-41 0-38 0-28 0-21+0.04 0-16+0.06 0.09
CaO 1.93 2.09 1.72 1-30+0-01 1-19+0-01 1.30
Na,O 6-06 6-28 6-82 6-76+0-07 7-58+0-06 7-32
K,O 6-07 5.92 5.92 6-08 +£0:-01 5.62+0.02 5.52
P,Os 0-13 0-13 0.07 0-051+0-001 0-042+0-002 0.037
Total 99.58 99.71 99.73 99.63 99.58 99-39
Rb 133 140-6 165 175 221
Cs 0-93 11 1.22 1.-33+0-10 1.96 +0-07 2.07
Sr 150 190 3-8 165 77
Ba 480 751
Sc 6-0 2.4 5.2 2.09+0.01 0-17 +0-1 0-51
\% 0-90 0-06 3
Cr
Co 0-9 1.0 0-4 0-8+0-1 0-25+0-01 0-30
Ni 14 9 7 10 1
Zn 117 113 113 119 186
Ga 285 24.7 29.7 30-6 34.0
Y 43.7 323 57.0 49.4 56-5
Zr 806 787 1072 1347 1292
Nb 118 115 184 174 181
Hf 17-2 16-3 226 25:2+1-3 27-8+0-9 299
Ta 6-87 6-6 91 8:71+0-13 11.8+0-4 135
Th 14.5 149 17-6 20-0+1-0 28:6+0-6 34
U 3:20 3:40 3:70 3:30 6-40 7-20
Pb 10-8 5.4 126 138 199 19-6
La 98-3 90-0 122 122 +1 159 205
Ce 201 174 255 244+2 311+2 389
Nd 75-8 61-7 100 86+2 97+2 122
Sm 13:6 9.98 184 14-8+0-4 16:1+0-1 196
Eu 2.89 2.26 0-86 0-60+0-01 0-66+0-01 0-50
Tb 1.70 1-03 2.02 1.74+0-08 1-82+0-06 2.39
Yb 4.06 3-33 5.30 5.234+0-20 5.27 7-49
Lu 0-59 0-44 0-76 0-76 +£0-03 0.77 0.97

Rock types: G, gabbro; S, syenite; TB, trachybasalt; BTA, basaltic trachyandesites; TA, trachyandesite; T, trachyte; S,
microsyenite. Uncertainties indicated for samples 99, 48, 130, 108 and 143 are deviations from the mean for analyses of
two separate powders of the same rock. Uncertainties indicated for samples 64.1, 38 and 61 are deviations from the mean

for duplicate neutron activation analyses of the same powder.

in Fig. 1). These samples range in texture from trachytic
to syenitic and include an altered (unsampled) gabbro
intrusion exposed at a low level in the central depression.
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Subsequently there were two intense eruptive periods.
The first period, at ~0-25 Ma, is represented by gabbro
and syenite exposed at the head of the Rouge Glacier
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Table 2: K-Ar ages of Mount Ross volcanic and plutonic rocks

Sample Origin Rock type K (%) Ar Atm. % “Ar (ng/g) Age (Ma) Error (Ma)
91 1 G 1-99 48-6 3.57 24.3 0.5
83 1 G 0-743 44.5 112 217 0-4
78 1 G 0-993 42.8 1.45 210 0-4

145 1 G 0-641 49.4 0-890 19-9 0-4

143 4 T 4.65 84.3 0-329 1.02 0.06

112 2 S 4.56 88-2 0-202 0-64 0.05

108 2 T 4.91 95.9 0-128 0-38 0-09
61 3 S 4.73 910 0-0822 0-251 0.026
64.1 3 G 274 97.2 0-0446 0-235 0.083

130 4 BTA 3.05 911 0-044 0-21 0.02
48 4 BTA 2.98 895 0-0345 0-167 0.015
38 4 TA 391 89-3 0-0412 0-152 0.013
99 4 BTA 2.5 95.3 0-023 0-13 0.03

Origin: 1, basement; 2, head of the eastern glacier; 3, head of the western glacier; 4, flanks of the Ross volcano. Rock type

as given in Table 1.

(samples 64.1 and 61 in Fig. 1b and Table 2). The
last episode, from 0-20 to 0-13 Ma, is represented by
the flanks of the present cone. Thus Mount Ross is a
Pleistocene volcano constructed in <1 my and the
youngest volcano discovered in the Kerguelen Ar-
chipelago.

Major elements and compatible trace
elements

In the total alkalis—SiO, plot (Fig. 2a) commonly used
for classification of volcanic rocks (Le Bas et al., 1986),
the Mount Ross lavas lie within the alkalic field with
rock types varying from basaltic trachyandesite to trach-
yte. They have high K;O/Na,O ratios, typically ~0-7-1
(Table 1b). The oldest lavas associated with the Kerguelen
plume are tholeiitic basalt, e.g. the Kerguelen Plateau
(Storey et al., 1992; Mahoney et al., 1995) and Ninetyeast
Ridge (Frey et al., 1991). Previous studies of Kerguelen
Archipelago lavas suggested that lava compositions be-
came increasingly alkalic with decreasing age (e.g. Storey
et al., 1988; Gautier e al, 1990; Weis et al., 1993).
However, Mount Ross samples, the youngest lavas erup-
ted in the Kerguelen Archipelago, define a trend that is
intermediate in alkalinity to the Upper and Lower Mio-
cene lavas from the Southeast Province (Fig. 2b). There-
fore, the Mount Ross data show a reversal of the trend for
increasing alkalinity with decreasing age. The basement
rocks for Mount Ross include three 19-9-21-7 Ma gab-
bros with <5% total alkalis, a 24:3 Ma gabbro (sample

91) with a basaltic trachyandesite composition and a
trachybasalt (Tables la and 2; Fig. 2a).

Lavas from Mount Ross form well-defined trends in
MgO variation plots and the four plutonic rocks from
Mount Ross lie on these trends (Fig. 3). Importantly,
the Lower Miocene alkali basalts and trachytes lie on
extensions of the Mount Ross trends. When grouped
together the Mount Ross and Lower Miocene lavas
define inflected trends for abundances of Fe,O; (total
iron), TiO,, P,O;, V and Sc vs MgO content (Fig. 3).
The basement rocks from the vicinity of Mount Ross,
however, deviate from these trends to lower Fe,O; and
TiO, (Fig. 3). Among the 22 Mount Ross samples, the
highest MgO content (5:32%) is in a young gabbro
(sample 121) that has relatively high iron and titanium;
another gabbro (sample 64.1) has one of the highest
P,O; contents (Iig. 3). Both gabbros contain olivine,
clinopyroxene, Fe-Ti oxides and apatite. The MgO
variation trends for these basalt to trachyte suites indicate
an important role for fractionation of clinopyroxene,
Fe—Ti oxides and apatite. Specifically, the positive CaO—
MgO trend and marked increase in Al,O3;/CaO with
decreasing MgO reflect clinopyroxene segregation. The
inflected trends of MgO-Ti0O, and MgO—P,Oj; reflect the
onset of Fe—T1 oxide and apatite segregation, respectively.
The important role of these phases is also indicated by
the positive trends of V (Fe—Ti oxide control) and Sc
(clinopyroxene control) with MgO content (Fig. 3).
Magmas with ~6% MgO were saturated in clinopyroxene
whereas significant fractionation of Fe-Ti oxides and

981



JOURNAL OF PETROLOGY VOLUME 39 NUMBER 5 MAY 1998
@)
13 Mount Ross phonolite
T| O Plutonic rocks .} O
12 || W Volcanic rocks tephriphonolite |
1 | X Basement rocks O trachyte
10 L
phonotephrite ‘
9 L
s u - trachyandesite
LT |
o L
7l ><. 12
= basaltic r
~ 6 L trachyandesite "
o trachybasalt
N 5t X
X 8
+ 47 , , 3
O sl basaltic andesite &
B) )
Z 2+ \C basalt
P\\,\’\P‘\‘e\\x\o 4+
1+ “\,\O\—
0 f f f f f T f f f Mt. Bureau
40 42 44 46 48 50 52 54 56 58 )
i (-] 0 I 1 L I L
SiO2 (wt %) 42 46 50 54 58 62 66
Si0,

Fig. 2. Total alkalis vs SiO, (all in wt % with FeO = 0-85 of total iron content). In (a) the Mt Ross and basement rocks are plotted in the
classification diagram of Le Bas et al. (1986). (b) shows archipelago lavas relative to the Hawaiian boundary between tholeiitic and alkaline lavas
(MacDonald & Katsura, 1964). Mt Ross lavas are more alkalic than the flood basalts at Mount Bureau on Foch Island (Yang et al., 1998) and
they are intermediate between the Upper and Lower Miocene groups in the Southeast Province (Weis et al., 1993).

apatite commenced at ~5-3% and 3-8% MgO, re-
spectively (Fig. 3).

Incompatible elements
The elements Cs, Rb, U, Th, La, Ce, Pb, Nb, Ta, Zr

and Hf were incompatible during the petrogenesis of
Mount Ross lavas (Fig. 4). The strongly positive cor-
relations between abundances of the mobile elements Cs,
Rb and U with less mobile elements such as Th, Ta and
Hf (Fig. 4) indicate that the whole-rock compositions
were not significantly modified by post-magmatic al-
teration. The largest abundance ranges are for Th (factor
of 6:3) and Cs (factor of 7-1). As for major element
abundances (Fig. 3), plutonic and volcanic rocks from
Mount Ross lie on the same incompatible element trends
(Fig. 4); there is no evidence that the gabbros and
syenites are cumulate rocks. The incompatible element
correlations determined by the basalt to trachyte se-
quences of different age, i.e. Lower Miocene series from
the Southeast Province and the <1 Ma Mount Ross
rocks, are very similar (Fig. 4).

Assuming that the compositional variation among
Mount Ross lavas was largely controlled by fractional

crystallization and that the bulk solid-melt partition
coeflicients for Th and Cs were approximately zero, the
Th and Cs abundance ranges in Mount Ross rocks require
that the most evolved syenite (sample 112) represents a
residual melt formed after 85% crystallization of the most
mafic magma (gabbro 121). It is not our purpose here
to quantitatively evaluate the relationship between the
Mount Ross trachytes—syenites and the associated more
mafic lavas; this is better done for volcanoes which are
more amenable to detailed sampling and field study.
Nevertheless, like the major and compatible trace ele-
ments, the abundance trends of incompatible trace ele-
ments in Mount Ross lavas are consistent with control
by mineral-melt fractionation. The trace elements Sr,
Eu and Ba, which are normally incompatible during the
petrogenesis of basaltic magmas, were compatible during
the evolution of Mt Ross lavas; for example, the abund-
ance ratio Sr/Nd, which is a sensitive indicator of feldspar
fractionation, decreases with increasing Th content
(Fig. 5). The four most evolved Mount Ross rocks (0-09—
0-28% MgO), have very significant depletions in Eu
(Fig. 6). Also, the trachytes have especially low Ba/Rb
ratios, <5-3 (Fig. 7), which reflects the compatibility
of Ba in alkali-rich feldspar (Blundy & Wood, 1991).
Therefore, the abundance trends for Sr, Eu and Ba
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the extent of melting.

unambiguously demonstrate the importance of feldspar
segregation during the petrogenesis of Mount Ross trach-
ytes and syenites.

An important role for apatite segregation during evol-
ution of the Mount Ross magmas is indicated by the
positive P,O;~MgO trends (Fig. 3) and negative P,O;-Th
trend (Fig. 5). Apatite segregation also significantly affec-
ted REE abundances. Normally both La/Yb and Sm/
Yb increase with increasing differentiation of basaltic
magmas. Apatite, however, preferentially incorporates
intermediate atomic number REE, such as Sm, relative
to light REE and heavy REE (Watson & Green, 1981).
Consequently, Mount Ross lavas and plutonic rocks
define a trend of decreasing Sm/Yb with increasing Th
content (Fig. 5). The decrease in Sm/Yb, approximately
a factor of two (Fig. 5), can be explained by 1:5%
apatite in the segregating cumulate (assuming 85% total
crystallization and apatite-liquid partition coeflicients (D)
of 40 and 20 for Sm and Yb, respectively). Apatite

segregation may also explain the decrease in Ge/Pb with
increasing Th content (Fig. 7).

The systematic increases in Zr/Nb and Th/Ta and
decrease in Nb/U with increasing Th content (Fig. 7) can
be explained by ~8% titanomagnetite in the crystallizing
assemblage [assuming titanomagnetite D values of 0, 2:16
and 0-24, for Th-U, Ta-Nb and Zr, respectively (Spath
et al., 1996)]. The precipitous decrease in V content with
decreasing MgO content (Iig. 3) can also be explained
by ~8% titanomagnetite in the fractionating assemblage
[assuming D = 20 for V in titanomagnetite (Spath et al.,
1996)]; this amount of titanomagnetite in the segregating
assemblage is consistent with inferences from studies of
other volcanic suites (e.g. le Roex, 1985).

Although the processes that created the trachytes sig-
nificantly changed many incompatible element abund-
ance ratios, these ratios in the most mafic Mount Ross
lavas (i.e. <10 ppm Th) are typical for ocean island
basalts (Fig. 7). However, compared with the tholeiitic
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basalts which form the Ninetyeast Ridge (Frey et al,
1991) and Kerguelen Platcau (Storey ef al., 1992), the
most mafic Mount Ross lavas and the Miocene alkali
basalts and basanites of the Southeast Province are highly
enriched in incompatible elements such as Th; they also
have higher La/Yb (Fig. 5).

Sr, Nd and Pb isotopic ratios

The flood basalts forming the archipelago range widely
in radiogenic isotopic ratios (Table 3), even in a single
stratigraphic section (Yang et al., 1998). Flood basalts
with the highest ¥Sr/®Sr and lowest '*Nd/'*Nd and
2Pk /2P, such as the lowermost, ~30 Ma, lavas on
Foch Island in the northern part of the archipelago
(Fig. 1a), overlap with the isotopic ratios of the Upper
Miocene lavas erupted in the Southeast Province of the
archipelago (Fig. 8a). Weis et al. (1993) proposed that
these Upper Miocene lavas are the purest representation
of the Kerguelen plume. The nine most mafic Mount
Ross lavas and gabbros (2:3-5-3% MgO) have similar
Sr, Nd and Pb isotopic ratios which overlap with the
Upper Miocene field in Pb—Pb isotopic ratios (Fig. 8b) and
form an ¥Sr/*Sr—'"*Nd/'**Nd field that is intermediate to
the fields for Upper and Lower Miocene lavas from the
Southeast Province (Fig. 8a). In an ¥Sr/*Sr—""Pb/***Pb
plot, these nine relatively mafic Mount Ross samples
cluster below the Upper Miocene field at slightly lower
¥Sr/*Sr; that is, they have the low **Pb/*Pb ratios,

<182, that are characteristic of the Upper Miocene lavas
(Fig. 8c¢).

Using measured or inferred ages and measured Rb/
Sr, we find that the initial *’Sr/®Sr for eight of ten
trachyandesites and trachytes (Rb and Sr contents are
not available for the two syenites and trachyandesite 38)
are within 3 SD (0:00015) of the mean of the nine more
mafic rocks (0:70519 + 5; Table 3 and see expanded
panels in Fig. 8a and c). For trachyte 106, which has a
slightly higher initial *’Sr/®Sr, we have only an inferred
age (Table 3); if this sample is slightly older, its initial
ratio overlaps with that of the mafic rocks. However,
trachyte 108 is isotopically distinct. Its age, 0-38 + 0-09
Ma, is not very precise, but an initial ¥Sr/*Sr ratio
similar to the more mafic samples requires a much older
age of 2:8 Ma; this sample also has relatively low **Pb/
“"Ph. The measured "*Nd/"™Nd in all of the trachy-
andesites, trachytes and syenites are within 2 SD
(0-00010) of the mean for the nine more mafic rocks
(0-51258 + 1); only trachyandesite 38 is slightly offset
from the field for relatively mafic Mount Ross rocks to
higher "“Nd/'"*Nd (Fig. 8a). Similarly for ***Ph/***Pb,
11 of the 13 trachyandesites, trachytes and syenites are
within 2 SD (0:036) of the mean for the nine more mafic
rocks (18:106 + 18). Despite the two outliers and the
difficulty with age corrections for *’Sr/®Sr, the important
result is that all of the Mount Ross samples, including
volcanic and plutonic rocks, have the combination of
relatively high ¥Sr/*Sr and low *Pb/**Pb that is char-
acteristic of the Upper Miocene lavas from the Southeast
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range for La/Ta in EM1 and EM2 lavas from Weaver (1991).

Province (Fig. 8) and that has been interpreted to be
characteristic of the Kerguelen plume (Weis et al., 1993).

In contrast to Mount Ross samples, the five basement
samples, >20 Ma (Table 2), range to lower ¥Sr/*Sr and
higher '""Nd/'"*Nd (Fig. 8a); four of these samples have
higher **Pb/***Pb than any of the Mount Ross samples
(Fig. 8b). Consequently, these basement samples are
isotopically distinct from younger archipelago lavas, but

indicate average OIB values from Sun & McDonough (1989), with the

their ratios are within the range of other archipelago
flood basalts of comparable age (Fig. 8). The anomalously
high "*Nd/'"**Nd of trachyandesite 38 may reflect con-
tamination by similar basement rocks but the offset of
some evolved lavas to lower *Ph/**Pb (samples 108
and 143), lower "*Nd/"*Nd (sample 143) or higher *’Sr/
#Sr (sample 108) cannot be explained by a component
from these basement rocks.
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DISCUSSION
Magma supply rate

From ~115 to 38 Ma, i.e. during growth of the Kerguelen
Plateau and Ninetyeast Ridge (Fig. la), tholeiitic basalt
was the dominant magma type derived from the Ker-
guelen plume (Weis et al., 1992). However, the flood
basalts forming the Kerguelen Archipelago range from
transitional basalt to alkalic lavas, with alkalic lavas
becoming dominant with decreasing eruption age (Wat-
kins et al., 1974; Storey et al., 1988; Gautier ¢t al., 1990;
Weis et al., 1993; Nicolaysen et al., 1996; Yang et al.,
1998). Also, the magma supply rate has decreased from
a relatively high rate, >1-5 km®/yr, during growth of the
Kerguelen Plateau to a much lower rate during the ~40
my growth of the Kerguelen Archipelago (Saunders e
al., 1994). These systematic long-term changes in magma
composition and supply rate may represent the evol-
utionary stages of plume-derived volcanism; i.e. initial
high volume magmatism derived from a plume-head
(Kerguelen Plateau) followed by long-term magmatism
derived from the plume-tail (Ninetyeast Ridge) followed
by a gradual decrease in plume-derived volcanism as the
supply of plume material is strongly reduced (Kerguelen
Archipelago).

Magma supply rates during growth of the archipelago
are ~0:013 km*/yr [calculated for 8500 km’ arca, a
crustal depth of 20 km (Recq ¢t al., 1990) and an eruption
period from 40 to 24 Ma for the flood basalts (Nicolaysen
et al., 1996)]. This rate is much lower than that for
Hawaiian shields (0-1 km*/yr, Swanson, 1972), although
it would be significantly increased, by a factor of 50 (to
0-5 km?®/yr), if the submarine part of the Northern
Kerguelen Plateau is also <40 Ma (Coffin & Eldholm,
1994). This much higher rate is similar to that estimated
during the formation of the Ninetyeast Ridge from ~82
to 38 Ma (Saunders et al., 1994). It is obviously important
to determine the basement age of the unsampled sub-
marine portion of the northern Kerguelen Plateau. The
alkalic magmatism and diminished magma supply rate
represented by the archipelago may also reflect a
changing tectonic environment (Storey ¢t al., 1988; Gaut-
ter el al., 1990; Saunders et al., 1994). Specifically, if the
archipelago formed on the thick Cretaceous lithosphere
of the Kerguelen Plateau, the effects of thickened litho-
sphere on plume-derived magmatism are to lower the
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extents of melting and increase the mean pressures of melt
segregation (e.g. Ellam, 1992). The result is transitional to
alkalic parental magmas showing the effects of residual
garnet during partial melting, as indicated by La/Yb
>10 in archipelago lavas compared with <4 in Ninetyeast
Ridge tholeiites (Fig. 5 and Weis et al., 1992; Saunders
et al., 1994; Frey & Weis, 1995).

Throughout the Miocene to recent growth of the
archipelago, the abundance of evolved rocks, trachytes
and phonolites in the Southeast Province (Weis et al.,
1993), and granites and syenites in the Rallier du Baty
peninsula (Dosso ¢ al., 1979; Weis & Giret, 1994), show
that the supply rate of basaltic magma to the crust
decreased greatly after formation of the >20 Ma flood
basalts which form ~85% of the surface outcrop (Fig. 1).
At Mount Ross the absence of high-MgO lavas and the
abundant trachytes show that the supply of basaltic
parental magma remained low during the youngest phase
of volcanism in the archipelago, that is, there was suffi-
cient time for cooling of parental magmas and formation
of evolved lavas by extensive mineral segregation. The
similarity of the alkali basalt to trachyte suites erupted
in the Lower Miocene, 2022 Ma, in the Southeast
Province and at Mount Ross, <1 Ma (Figs 3, 4, and 8),
shows that petrogenetic processes have been similar for
22 my. Based on differences in incompatible element
abundances of the most mafic lavas, the most significant
geochemical trend over the past 22 my has been varying
extents of melting; relatively high in the Lower Miocene
(20-22 Ma), low in the Upper Miocene (6-10 Ma) and
intermediate for the <1 Ma Mount Ross lavas (Fig. 2b
and La/Yb panel in Fig. 5).

Lithosphere assimilation: the role of the
Cretaceous Kerguelen Plateau

There were three episodes of volcanism in the southeast
part of the archipelago; the Pleistocene basaltic trachy-
andesite to trachyte lavas at Mount Ross, the Upper
Miocene basanite to phonolite lavas in the Southeast
Province and the Lower Miocene alkalic basalt to trachyte
lavas in the Southeast Province. These spatially and
temporally associated mafic and highly evolved lavas can
be used to evaluate the role of shallow lithospheric

Fig. 8. (a) ¥Sr/"Sr vs ""Nd/""'Nd, (b) *”Pb/**'Pb vs **Pb/**Ph and (c) ¥’Sr/*Sr vs ***Pb/*'Pb. ¥Sr/*Sr data for Mount Ross samples are
initial ratios using measured or inferred ages and Rb/Sr abundance ratios (Table 3); however, Rb/Sr data are not available for a few samples,
such as syenite 112 whose offset to very high ¥Sr/*Sr reflects the lack of an age correction. Field for Kerguelen Archipelago flood basalts is
from Yang et al. (1998) and Damasceno et al. (1997). Most (85%) of the flood basalts from Mount Bureau and Mount Rabouillére have *’Sr/
¥Sr >0-7050,"*Nd/"*Nd <0-5127 and ***Pb/**Pb <18-3, and they define isotopic fields which overlap with that of the most mafic Mount Ross
lavas. Fields for Lower and Upper Miocene Series of the Southeast Province in the Kerguelen Archipelago are from Weis et al. (1993); trend
for Heard Island defined by diamonds is from Barling et al. (1994). Expanded panels in ¥’Sr/*Sr vs "*Nd/'"**Nd and Sr/*Sr vs **Pb/**Pb
plots show the isotopic similarity of most trachytes, trachyandesites and syenites with the more mafic lavas and gabbros.
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contamination during the prolonged cooling and frac-
tionation required to create highly evolved lavas. Of
course, such contamination can only be recognized if the
archipelago lithosphere is geochemically distinctive.
The subaerial Kerguelen Archipelago is on the north-
ern part of the submarine Kerguelen Plateau (Fig. la).
If this part of the plateau is Cretaceous and has a
geochemically distinctive signature such as manifested in
basalts from the southernmost Kerguelen Plateau and
Eastern Broken Ridge (Mahoney et al., 1995), it is likely
that a component from the plateau lithosphere could be
recognized in archipelago lavas. Although lavas from the
southernmost Kerguelen Plateau and eastern Broken
Ridge (Fig. 1a) have very distinctive abundance ratios of
incompatible elements (e.g. Mahoney e/ al., 1995), the
use of such ratios to evaluate the role of assimilation in
creating Mount Ross trachytes is not possible because
many normally highly incompatible elements, such as P,
REE, Nb and Ta, were affected by the apatite and Fe-Ti
oxide fractionation required to create the evolved lavas
(Figs 5 and 7). Therefore, isotopic ratios are more reliable
indicators of assimilation of Kerguelen Plateau litho-
sphere. Except for alkalic basalt interbedded with sed-
iment at ODP Site 748, all samples recovered from
the submarine Kerguelen Plateau are tholeiitic basalts
(Davies et al., 1989; Weis et al., 1989a; Storey et al., 1992;
Mabhoney et al., 1995). Relative to Mount Ross lavas,
these tholeiitic basalts have lower abundances of Nd and
Pb, but they have higher Sr contents (typically >200 ppm)
than Mount Ross trachytes (19077 ppm). Consequently,
the ¥Sr/®Sr of trachytic magmas are very sensitive to
assimilation of Cretaceous lithosphere with very high
¥Sr/®Sr, such as recovered at ODP Site 738 (>0-7090)
and on the eastern Broken Ridge (Mahoney ¢t al., 1995).
Despite the complexity of significant age corrections
for the high Rb/Sr trachytes (Table 3), eight of ten
trachyandesites and trachytes, with MgO <1-9%, have
initial ¥’Sr/®Sr within 3 SD of the field for the basaltic
trachyandesites (Iig. 8a). None of these trachytes from
Mount Ross show the high #’Sr/®Sr ratios observed in
some Heard Island trachytes [Fig. 8c and Barling et al.
(1994)]. Similarly, all of the evolved rocks have "“Nd/
"Nd and 11 of the 13 have measured **Pb/*'Pb within
2 SD of the field for basaltic trachyandesites (Fig. 8).
Although most of the highly evolved lavas show little
evidence for assimilation of isotopically distinct upper-
crustal lithosphere, it is also possible that the more mafic
archipelago lavas were affected by assimilation of lower
crust and mantle lithosphere. We argue that the uni-
formity of isotopic ratios in magmas of varying com-
position erupted for 30 my is unlikely to be caused
by lithosphere contamination. Moreover, most of the
plutonic rocks of varying age (40 to <5 Ma) and com-
position (gabbro to nepheline syenite) exposed in the
archipelago also have initial Sr, Nd and Pb isotopic ratios
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which overlap with the field for archipelago flood basalts
(Weis & Giret, 1994) [initial ¥Sr/*Sr in 50 of the 55
plutonic rocks ranges from 0-70425 to 0-70601—the five
with higher ratios, to 0-73047, have very high “Rb/®Sr
(to 389) which may reflect high Rb contents created
during hydrothermal alteration (Shaw, 1968)].

In summary, we conclude that there is no evidence in
the Mount Ross lavas for assimilation of basalts with the
continental-like signature of the Kerguelen Plateau basalts
recovered from ODP Site 738. A possible interpretation
is that, unlike the more southerly Heard Island (Fig. 1a),
the Kerguelen Archipelago was not constructed on the
Cretaceous part of the plateau (e.g. Coffin & Eldholm,
1994). However, a continental-like component is present
in the mantle lithosphere below the archipelago. Several
mantle xenoliths in archipelago lavas from the Courbet
Peninsula have low Os isotopic ratios and one dunite
xenolith from the Southeast Province has high *’Pb/
“"Ph (15-574) and very low *Pb/**Pb (17-713); these
isotopic data are interpreted as evidence for a continental
component in the mantle lithosphere underlying the
archipelago (Hassler & Shimizu, 1995; Mattielli e al.,
1996). The proportion of this continental component in
the mantle is not known, but we do not find these isotopic
features in archipelago lavas (Gautier ef al., 1990; Weis
et al., 1993; Yang et al., 1998; and this paper); possible
explanations are that these refractory dunite and harz-
burgite xenoliths cannot be easily assimilated or that this
component is present only very locally as pieces of
shredded continental lithosphere dispersed into the
oceanic lithosphere during the break-up of Gondwana
at >132 Ma.

Implications for the geochemical
characteristics of the Kerguelen plume

The debate about the isotopic characteristics of the
Kerguelen plume has focused on the Upper Miocene
lavas in the Southeast Province of the archipelago. Weis
et al. (1993) argued that the isotopic ratios (*’Sr/%Sr =
0-7054-0-7058, "“Nd/'""Nd = 0-51263-0-51249 and
“Ph/*"'Pb = 18-:06-18-27) of these lavas are the ‘purest’
representation of the plume, whereas Class et al. (1996)
argued that these lavas were significantly contaminated
by the underlying Cretaceous(?) lithosphere that forms
the Kerguelen Plateau. Frey & Weis (1996) discussed
the complexities associated with identifying the isotopic
characteristics of the Kerguelen plume, and they sug-
gested that ‘the best way to infer the geochemical char-
acteristics of the Kerguelen plume is to utilize the
temporal isotopic variations in lavas forming the Ker-
guelen Archipelago’. To date we have found that most
of the 24-30 Ma flood basalts from three 0-5-1 km
sections in the archipelago have initial ¥Sr/*Sr >0-7050
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and '""Nd/'"*Nd <0-5126 (Damasceno et al., 1997; Yang
et al., 1998). These ratios for the oldest studied archipelago
lavas overlap with those of the most mafic Mount Ross
lavas, and they are offset from the field for Upper Miocene
lavas to slightly lower ’Sr/*Sr (Fig. 8a and c). Because
mafic lavas of diverse composition (transitional and alkalic
basalt and basanite) and age (~30-0-1 Ma) have similar
isotopic ratios, we continue to infer that archipelago lavas
with relatively high ¥Sr/*Sr, low '"“Nd/'*Nd and low
*Ph/?*Ph are representative of the Kerguelen plume.
We acknowledge, however, that it is unlikely that the
plume was isotopically homogeneous over the 115 my
history of volcanism. Another aspect of the debate about
the Kerguelen plume is whether the temporal isotopic
variations of the plume-related lavas result from an
evolving plume source (Class ¢t al., 1996; Frey & Wetis,
1996). Mount Ross lavas, <1 Ma, and most of the
oldest, 29-30 Ma, archipelago flood basalts analyzed are
1sotopically similar (Yang et al., 1998); there is no evidence
for an evolving plume source during the last ~30 my.

SUMMARY

Mount Ross, the highest volcanic edifice in the Kerguelen
Archipelago, is a <1 Ma Pleistocene volcano composed of
a basaltic trachyandesite to trachyte lava series. Extensive
glaciation has exposed a central plutonic complex ranging
from gabbro to syenite. The compositional trends of the
volcanic and plutonic rocks are qualitatively consistent
with control by fractional crystallization. The absence of
high MgO lavas and abundance of evolved lavas at
Mount Ross and in the Southeast Province (Weis e/ al.,
1993) show that the magma supply to the archipelago
has remained low for the last 20 my.

The most mafic Mount Ross rocks and most of the
associated highly evolved rocks have a narrow range of
isotopic ratios, initial *’Sr/®Sr from 0-70512 to 0-70532,
"“Nd/"Nd from 0-51259 to 0-51250 and **Pb/*"'Pb
from 18:025 to 18:139. These ratios are close to the
values proposed for the Kerguelen plume by Weis et al.
(1993), and they overlap with those of the dominant
basalt type forming the flood basalt in the northern and
central part of the archipelago (Damasceno et al., 1997;
Yang et al, 1998). A component with a continental
geochemical signature has been found in some of the
Cretaceous lavas forming the Kerguelen Plateau (Ma-
honey et al., 1995) and in some trachytes on Heard Island
(Barling et al., 1994), and also in some xenoliths of
lithospheric mantle found in archipelago lavas (Hassler
& Shimizu, 1995; Mattielli ¢t al., 1996). However, there
is no compelling evidence for this component in the
compositions of Kerguelen archipelago lavas, not even
in the highly evolved lavas which resided within the
lithosphere for relatively long times.
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