GEOLOGY OF THE SHACKLETON RANGE:
IV. THE DOLERITE DYKES

By PETER D. CLARKSON

ABSTRACT. The dolerite dykes are the youngest known rocks in the Shackleton Range; their field rela-
tions and petrology are described. 25 new chemical analyses are given and these indicate that at least one
dyke has close chemical affinities to the Mesozoic dolerites of western Dronning Maud Land and the Trans-
antarctic Mountains. The chemistry of the other dykes shows considerable variation and, although geo-
chronological studies suggest the presence of two suites, they cannot be simply distinguished and do not
appear to correlate with similar rocks in western Dronning Maud Land.

THE Shackleton Range (lat. 80° 07'-80° 50'S, long. 31°—19° W) lies east of the Filchner Ice
Shelf at the head of the Weddell Sea. The greater part of the range is formed of basement rocks
of the Shackleton Range Metamorphic Complex (Clarkson, 1981a) unconformably overlain by
the slates and quartzites of the Turnpike Bluff Group in the south (Clarkson, 19815) and by the
Cambro-Ordovician sandstones of the Blaiklock Glacier Group in the north-west (Clarkson and

.Wyeth, 1981).

DISTRIBUTION

Dolerite dykes occur in the northern parts of the Shackleton Range from the Haskard High-
lands to eastern Pioneers Escarpment (Clarkson, 1972). They are dark grey, usually fine-grained
rocks weathering to a red colour. All the dykes intrude schists and gneisses of the Shackleton
Range Metamorphic Complex (Fig. 1) except the dyke at The Dragons Back which intrudes
sandstones of the Blaiklock Glacier Group. The dykes are narrow, rarely exceeding 3 m in
width; most of them crop out for short distances only and their exposure is poor but one dyke,

)
3y o o5 - B g
e * = - -

Fig. 1. A dolerite dyke cutting schists of the Shackleton Range Metamorphic Complex at Shaler Cliffs, Herbert
Mountains.
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on the northern flanks of Charpentier Pyramid, can be traced for 2—-3 km. There is no general
trend of intrusion (Fig. 2) and all the dykes appear to be petrographically similar, except for
slight variations in grain-size, but two generations of intrusion have been recognized by radio-
metric K-Ar dating. The dyke at The Dragons Back (Z.736) gives a date of 297 + 12 Ma and a
dyke at Lundstrém Knoll (Z.628) gives a date of 457 + 18 Ma (Rex, 1971). These periods of
intrusion, during the Upper Carboniferous and the Ordovician, correlate with other radiometri
cally dated events in Dronning Maud Land (Picciotto and Coppez, 1964; Picciotto and others,
1964; Ravich and Krylov, 1964; Craddock, 1970) but none of these determinations was made
on dolerites. The Ordovician event may be correlated with the folding of the Blaiklock Glacier
Group during the Ross orogeny in the Shackleton Range but at present the Upper Carbon-
iferous event has no known local equivalent.
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Fig. 2. A rose diagram of dolerite dyke trends in the Shackleton Range; all the dykes are either vertical or near
vertical.

PETROGRAPHY

In the hand specimen, all these dykes appear to be similarly fine-grained except specimens
Z.1036.12 and 13 which are coarser. Exposure of this particular dyke is yery poor but in the field
it appeared to bifurcate and the differing textures may represent different phases of cooling or
intrusion. Chilled margins were not generally observed, probably due to the narrowness of most
of the intrusions.

In thin section, these rocks comprise pyroxene, plagioclase, biotite and ore minerals and th
are altered to some degree (Fig. 3a). The main difference between the dykes is their grain-size.

The pyroxene is augite, although the pale pink crystals in some of the thin sections may be
titaniferous augite. Almost all the pyroxene is partly altered, either to a pale green chlorite or
uralite or, very commonly, to a brown micaceous mineral (see below). Augite occurs as equant
crystals up to 0.7 mm in diameter or as anhedral laths up to 1.2 mm long. Some of the thin
sections show a sub-ophitic texture but none is ophitic. The groundmass of these rocks may
contain pigeonite but it has not yet been proved.

The plagioclase laths are generally up to 3 mm long in the coarser rocks, although the thin
section of specimen Z.726.6 from Mount Beney contains plagioclase phenocrysts up to 5 mm
long in a microcrystalline groundmass. All laths are twinned, often as a combination of Carlsbad
and albite twins, but compositional determinations are not always possible. All crystals which
could be determined are labradorite with a compositional range of An., ... The extent of
sericitization varies and the finer-grained feldspars appear to be more severely affected.



TABLE I. CHEMICAL ANALYSES OF SPECIMENS FROM DOLERITE DYKES IN THE SHACKLETON RANGE

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
ANALYSES (wt %)
Sio, 50.12 51.57 51.44 48.94 48.87 48.72 48.97 48.64 51.29 51.36 47.93 48.35 49.32 49.19 49.18 48.81 49.07 48.98 47.48 47.69 47.76 47.74 47.53 50.88 51.51
TiO, 3.39 3.22 3.25 3.47 3.48 3.52 3.62 382 3.01 3.08 4.13 4.10 2.75 2.62 243 2.44 2.49 251 2.76 2.83 2.79 273 2.78 0.93 0.89
AlLO, 12.18 12.70 12.72 10.22 10.12 9.79 10.38 9.46 11.20 1121 9.98 10.45 13.09 12.97 13.07 12.97 12.94 12.88 12.00 13.03 12.77 12.90 12.11 14.81 15:55
Fe, 04 8.99 4.84 5.06 7.04 7.00 6.84 6.04 6.79 5.46 5.98 757 5.37 6.52 6.27 6.41 6.66 6.35 6.36 5.26 5.59 4.59 4.33 5.34 5.26 4.92
FeO 6.30 8.87 8.92 9.60 9.60 9.94 10.39 9.91 7.64 7.30 8.20 10.14 6.40 6.62 6.34 6.22 6.65 6.66 10.22 9.98 10.68 10.83 10.19 6.83 6.61
MnO 0.28 0.22 0.23 0.28 0.28 0.28 0.27 0.27 0.21 0.22 0.25 0.27 0.25 0.25 0.23 0.23 0.26 0.26 027 0.28 0.28 0.28 0.28 0.25 0.22
MgO 4.36 4.39 4.50 4.71 4.65 4.79 4.88 4.88 5.11 5.01 6.44 6.22 5.76 5.59 5.85 5.80 6.38 6.46 8.46 7.61 7.47 7:55 8.31 6.42 6.30
CaO 7.22 751 7.50 7.22 7.18 7.33 7.15 7.46 7.01 7.46 8.00 8.06 7.80 7.56 1.92 7.92 753 7.61 8.55 8.89 8.60 8.47 8.51 10.35 10.37
Na,O 2.62 2.23 2.21 1.97 1.95 1.87 1.96 1.81 2.05 1.83 1.61 1.75 3.04 3.54 3.04 2.89 3.62 3:57 2.20 2.50 2.55 2.60 222 2.08 233
K,O 2.97 2.38 2.39 2.88 2.86 2.76 2.73 2.61 2.68 2.68 1.89 1.85 1.85 1.95 2.17 2.19 1.09 1.07 0.88 0.92 0.90 0.92 0.85 0.74 0.78
P,Oq 1.11 1.45 1.45 1.75 1.75 1.76 1.66 1.63 1.33 1.33 0.93 0.94 1.06 0.97 0.99 0.99 1.05 1.07 0.51 0.43 0.48 0.50 0.46 0.14 0.15
H,0+ 0.92 0.80 0.89 1.20 1.20 1.97 1.07 112 1.41 1.05 1.22 1.36 137 1.71 1.83 1.72 1.95 1.90 157 0.98 1.04 0.77 1.11 0.56 0.73
H,0— 0.48 0.54 0.62 1.30 1.30 1.30 1.08 1.22 0.84 0.88 1.40 1.10 0.36 0.32 0.40 0.36 0.36 0.30 0.34 0.42 0.32 0.38 0.42 0.48 0.46
TOTAL 100.94 100.78 101.18 100.58 100.24 100.87 100.20 99.62 99.24 99.39 99.55 99.96 99.57 99.56 99.86 99.20 99.74 99.63 | 100.50 101.15 100.23 100.00 100.11 99.73 100.82
ANALYSES RECALCULATED TO 100% ANHYDROUS
Sio, 50.35 51.86 51.61 49.90 50.00 49.92 49.85 50.00 52.88 52.70 49.45 49.59 5041 50.44 50.37 50.26 50.36 50.27 48.16 47.81 48.31 48.30 48.21 51.56 51.70
TiO, 3.41 3.24 3.26 3.54 3.56 3.61 3.70 3.93 3.10 3.16 4.26 4.21 2.81 2.69 2.49 2:51 2.56 2.58 2.80 2.84 2.82 2.76 2.82 0.94 0.89
ALO; 12.24 12.77 12.76 10.42 10.35 10.03 10.61 9.72 11.55 11.50 10.30 10.72 13.38 13.30 13.39 13.35 13.28 13.22 12.17 13.06 12.92 13.05 12.28 15.01 15.61
Fe,0, 9.03 4.87 5.08 7.18 7.16 7.01 6.17 6.98 5.63 6.14 7.81 5.51 6.66 6.43 6.57 6.86 6.52 6.53 5.34 5.60 4.64 4.38 5.43 5.33 4.94
FeO 6.33 8.92 8.95 9.79 9.82 10.18 10.62 10.19 7.88 7.49 8.46 10.40 6.54 6.79 6.49 6.40 6.83 6.84 10.37 10.01 10.80 10.96 10.34 6.92 6.63
MnO 0.28 0.22 0.23 0.29 0.29 0.29 0.28 0.28 0.22 0.23 0.26 0.28 0.26 0.26 0.24 0.24 0.27 0.27 0.27 0.28 0.28 0.28 0.28 0.25 0.22
MgO 4.38 441 4.51 4.80 4.76 491 4.99 5.02 5.2 5.14 6.64 6.38 5.89 5.73 5.99 5.97 6.55 6.63 8.58 7.63 7.56 7.64 8.43 6.51 6.32
CaO 1.25 7.61 7.52 7.36 7.35 7:51 7.31 7.67 7:23 7.65 8.25 8.27 7.97 1.75 8.11 8.15 7.73 7.81 8.67 8.91 8.70 8.57 8.63 10.49 10.41
Na,O 2.63 2.24 2.22 2.01 2.00 1.92 2.00 1.86 2.11 1.88 1.66 1.79 311 3.63 3:11 2.98 3.92 3.66 2.23 2.51 2.58 2.63 2.25 2.11 2.34
K,O 2.98 2.39 2.40 2.94 2.93 2.83 279 2.68 2.76 2.75 1.95 1.90 1.89 2.00 222 2.25 1.12 1.10 0.89 0.92 091 0.93 0.86 0.75 0.78
P,0; 1.12 1.46 1.45 1.78 1.79 1.80 1.70 1.68 1.37 1.36 0.96 0.96 1.08 0.99 1.01 1.02 1.08 1.10 0.52 0.43 0.49 0.51 0.47 0.14 0.15
C.I.LP.W. NORMS
Q 7.97 9.63 9.49 8.89 9.20 9.30 7.96 10.02 10.89 12.19 10.44 7.69 4.42 1.58 2.68 3.34 2.70 2.78 1.13 0.30 0.00 0.00 1.38 6.06 5.07
zc 0.15 0.08 0.08 0.15 0.15 0.15 0.13 0113 0.10 0.10 0.10 0.10 0.05 0.05 0.04 0.04 0.04 0.05 0.04 0.04 0.04 0.04 0.04 0.02 0.02
or 17:59 14.11 14.14 17.30 17.24 16.66 16.44 15.81 16.29 16.21 11.50 11.19 L1158 11.79 13.11 13.30 6.60 6.47 527 5.44 5:37 5.49 5.09 4.43 4.62
ab 22.21 18.93 18.72 16.94 16.83 16.16 16.90 15.70 17.84 15.85 14.03 15.16 26.23 30.65 26.29 25.13 31.36 30.93 18.36 21.18 21.80 22.23 19.03 17.82 19.77
an 12.73 17.67 17.75 10.71 10.62 10.39 11.68 10.23 13.83 14.80 14.85 1555 16.94 14.06 15.96 16.39 16.22 16.34 20.53 21.64 20.95 21.03 20.84 29.25 29.75
di 12,15 8.96 8.55 11.84 11.82 12.62 11.36 14.01 10.80 11.69 15.92 15.78 12:75 14.66 14.41 14.17 12.52 12.64 15.61 16.14 15.66 14.98 15.47 17.68 16.91
hy 4.97 13.99 14.31 12.88 12.81 13.50 15.60 12.60 12.98 11.06 11.53 16.31 10.94 10.47 10.90 10.54 13.75 13.87 24.27 20.71 22.11 21.56 23.83 14.87 14.60
ol 0.17 1.86
mt 11.42 7.04 7.34 10.38 10.35 10.13 8.92 10.09 8.14 8.88 11.30 1.97 9.64 9.30 9.50 9.92 9.43 9.44 7.73 8.12 6.72 6.34 7.85 7.2 7.15
il 6.45 6.14 6.18 6.70 6.74 6.83 7.01 7.44 5.88 5.99 8.08 1.97 5.33 5.09 4.72 4.76 4.84 4.88 5.31 5.38 5:35 5.24 5.35 1.79 1.70
hm 1.13
ap 2.63 3.44 3.44 4.21 4.23 4.26 4.00 3.96 3.24 3.22 227 2.28 2.56 2.35 2.40 2.41 2.54 2.59 1:22 1.02 LLS 1.20 1.10 0.34 0.36
Plagioclase
composition Anyg Ang Ang Anyg Ang, An,g Ang, Ang, Ang, Angg Ang, Ang, Ang, Any, Angg Any, An,, Anyg Ang, Ang, Angg Ang, Ang, Ang, Ang,
or 34 28 28 38 38 39 36 38 34 35 28 27 21 21 24 24 12 12 12 11 11 11 11 8 8
ab 42 37 37 38 38 37 38 38 37 34 35 36 48 54 47 46 58 58 42 44 45 46 42 35 37
an 24 35 35 24 24 24 26 24 29 31 37 37 31 25 29 30 30 30 46 45 44 43 47 57 55
ELEMENT WEIGHT PERCENTAGES, ANHYDROUS
Sitt 23.54 24.24 24.13 23.33 23.37 23.34 23.31 23.38 24.72 24.64 23.12 23.18 2357 23.58 23.55 23.50 23.55 23.50 22.51 22.35 22.58 22.58 22.54 24.10 24.17
b Mo 2.04 1.94 1.95 2.12 213 2.16 2.22 2.35 1.86 1.89 258 2.52 1.69 1.61 1.49 1.51 1:53 1.54 1.68 1.70 1.69 1.66 1.69 0.56 0.54
APt 6.48 6.76 6.75 551 5.48 5.31 5.61 5.15 6.11 6.09 5.45 5.67 7.08 7.04 7.08 7.07 7.03 7.00 6.44 6.91 6.84 6.91 6.50 7.94 8.26
Fe’* 6.32 3.40 3.55 5.02 5.01 4.90 4.32 4.88 3.94 4.29 5.46 3.85 4.66 4.50 4.59 4.80 4.56 4.57 3.73 3.92 325 3.06 3.79 3.73 3.45
Fe?t 4.92 6.93 6.96 7.61 7.63 7.92 8.25 7.92 6.12 5.82 6.58 8.08 5.08 5.28 5.05 4.98 5.31 5.31 8.06 7.78 8.40 8.52 8.03 5.38 5.16
Mn?* 0.22 0.17 0.18 0.22 0.22 0.22 0.21 0.21 0.17 0.17 0.20 0.21 0.20 0.20 0.18 0.18 0.21 0.21 0.21 0.22 0.22 0.22 0.22 0.20 0.17
Mgt 2.64 2.66 2.72 2.90 2.87 2.96 3.01 3.03 3.18 3.10 4.01 3.85 3.55 346 3.61 3.60 3.95 4.00 5.18 4.60 4.56 4.61 5.08 3.92 3.81
Ca?t 5.18 5.44 5.38 5.26 525 537 522 5.48 517 5.47 5.90 5.91 5.70 5.54 5.80 5.83 552 5.58 6.20 6.37 6.22 6.12 6.17 7.50 7.44
Nat 1.95 1.66 1.65 1.49 1.48 1.42 1.49 1.38 1.57 1.39 1.23 1.33 2.31 2.69 2.31 2.21 2.76 2.72 1.66 1.86 1.91 1.95 1.67 1.56 1.74
K+ 2.48 1.99 1.99 2.44 2.43 2.35 2.32 2.23 2,29 2.28 1.62 1.58 1.57 1.66 1.85 1.87 0.93 091 0.74 0.77 0.76 0.77 0.72 0.62 0.65
p* 0.49 0.64 0.64 0.78 0.78 0.79 0.74 0.73 0.60 0.60 0.42 0.42 0.47 0.43 0.44 0.45 0.47 0.48 0.23 0.19 0.21 0.22 0.20 0.06 0.07
0 43.75 44.16 44.11 43.32 43.33 43.27 43.31 43.26 44.27 44.25 43.47 43.39 44.13 44.02 44.04 44.02 44.19 44.18 43.37 43.34 43.37 44.39 44.38 44.42 44.55
TRACE ELEMENTS (ppm)
Cr 1 37 34 4 ' 6 5 5 19 14 56 57 52 51 61 62 50 50 84 92 82 81 80 170 172
Ni 7 5 5 2 4 3 g 9 5 3 27 27 17 17 27 21 21 18 36 34 35 34 35 111 111
Ga 20 23 23 27 24 26 23 24 22 25 21 23 26 23 21 22 26 23 22 22 24 22 24 21 20
Rb 5 48 47 62 63 60 54 54 66 63 37 39 73 67 62 64 33 34 21 20 18 17 23 20 17
Sr 517 557 553 430 430 417 398 405 369 405 429 435 914 794 865 869 1104 1130 308 305 304 310 320 167 173
Y 79 72 73 96 97 97 93 94 79 77 72 71 37 37 35 34 38 38 46 46 45 45 46 29 27
Zr 731 409 407 727 721 716 637 651 486 485 475 481 227 237 217 215 208 236 212 214 216 210 214 109 108
Nb 33 23 24 33 32 32 28 30 25 26 24 26 37 40 36 33 42 38 9 12 10 10 10 1 7
Ba 1570 1410 1414 1 740 1738 1679 1 646 1575 1468 1 436 .l 170 1191 1784 1724 1425 1427 1928 1962 651 645 625 653 603 222 215
La 152 85 83 120 120 129 108 106 90 90 91 81 105 106 89 90 94 98 40 42 46 41 47 23 21
Ce 239 138 140 193 191 191 174 180 146 140 126 131 148 148 132 142 143 144 56 53 62 49 56 25 22
Pb 17 12 13 21 21 17 18 16 16 13 12 14 18 22 14 14 22 20 3 8 6 7 6 5 7
Th 6 3 3 7 9 3 6 6 5 6 3 2 13 11 10 9 13 12 2 " 2 * > * 1
INDICES, TRIANGULAR COORDINATES AND RATIOS
Indext 2.47 1.94 1.91 2.00 2.04 1.74 1.80 1.46 2.11 .86 —0.58  —0.45 0.16 0.50 0.26 025 —069 —0.83| -3.10 276  -247 242 299 | -274 255
Fe 61.4 62.1 62.3 64.9 65.1 65.6 64.9 65.9 58.8 59.9 63.7 63.9 56.8 55.6 55.4 56.0 56.4 56.4 60.9 61.8 61.7 61.2 61.3 59.8 58.1
Mg 14.4 16.0 16.1 14.9 14.8 15.1 15.5 15.6 18.6 18.4 21.2 20.6 20.7 19.7 20.8 20.6 22,6 22.8 26.7 24.3 242 244 26.4 25.8 25.8
Alk 24.2 21.9 21.6 20.2 20.1 19.3 19.6 18.6 22.6 21.8 15.1 15.6 22,6 24.8 23.9 234 21.1 20.7 12.4 13.9 14.1 14.4 12.4 14.4 16.1
Ca 539 59.8 59.7 57.3 57.3 58.7 57.9 60.3 572 59.8 67.4 67.0 59.5 56.0 58.3 58.8 60.0 60.6 72.1 70.8 70.0 69.2 72:1 77.4 75.7
Na 20.3 18.3 18.3 16.2 16.2 15.6 16.5 5.2 17.4 15.2 14.1 15.1 24.1 27.2 232 223 29.9 29.5 19.3 20.7 21.5 22.1 19.5 16.2 17.7
K 25.8 21.9 22.1 26.5 26.5 25.1 25.7 24.5 25.4 25.0 18.5 17.9 16.4 16.8 18.5 18.9 10.1 9.9 8.6 8.5 8.5 8.7 8.4 6.4 6.6
M?S:i:cx 77.81 75.75 75.65 77.94 78.12 77.79 77.10 77.39 71.94 72.61 71.00 71.38 69.16 69.75 68.55 68.95 67.08 66.84 64.66 67.17 67.15 66.75 65.14 65.32 64.67
Fe!:igcx 43.64 37.85 38.02 40.18 40.12 38.71 39.61 37.21 40.29 37.68 30.43 30.87 38.53 42.07 39.68 39.08 38.48 37.88 26.48 27.78 28.63 29.36 26.51 21.41 23.07
Ca/yY 653 752 735 538 529 540 550 567 634 693 794 812 1507 1461 1618 1 666 1417 1432 1329 1382 1366 1 346 1323 2.552 2 746
K/Rb 432.5 411.6 422.1 385.6 376.8 381.8 419.7 401.2 337.1 353.1 424.0 393.8 2104 241.6 290.5 284.0 274.2 261.2 3479 381.8 415.1 449.2 306.8 307.1 380.9
K/Ba 15.70 14.01 14.03 13.74 13.66 13.65 13.77 13.76 15.15 15.49 13.41 12.89 8.61 9.39 12.64 12.74 4.69 4.53 11:22 11.84 11.95 11.70 11.70 26.67 30.12
Rb/Sr 0.110 0.086 0.085 0.144 0.147 0.144 0.136 0.133 0.179 0.156 0.086 0.090 0.080 0.084 0.072 0.074 0.030 0.030 0.068 0.066 0.059 0.055 0.072 0.120 0.098
* Element not detected.
+ Modified Larsen index = (3Si + K) — (Ca + Mg).
1. Z.628.1 Lundstrom Knoll, Pioneers Escarpment. 14. Z.1036.11 3 km south of Mount Provender, Haskard Highlands.
2. Z.736.4 The Dragons Back, Lagrange Nunataks. 15. Z.1036.12 3 km south of Mount Provender, Haskard Highlands.
3. Z.736:5 The Dragons Back, Lagrange Nunataks. 16. Z.1036.13 3 km south of Mount Provender, Haskard Highlands.
4. 2.9124 Charpentier Pyramid, Herbert Mountains. 17. 2.1039.14 6 km south-east of Mount Provender. Haskard Highlands.
629153 Charsentier Pyrarmid, Herbert Movtains 15 7104315 North of Mownt Gass. Haskard Highlands.
7. 2.914.4 Shaler Cliffs, Herbert Mountains. 20. Z.1043.20  North of Mount Gass, Haskard Highlands.
5. 79162 Kendall Bash. Herbert Mountains. 22, 7104411 Pratis Peak. Haskard Highlands.
[ 70453 South-cas of Shaler CIls, Herberi Mountains. 2. 21260~ Mount Bency, Lagrange Numataks,
12. Z.942.4 South-east of Shaler Cliffs, Herbert Mountains. 25. 2.726.4 Mount Beney, Lagrange Nunataks.
13. Z.1036.8 3 km south of Mount Provender, Haskard Highlands.
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Fig. 3. a. Labradorite laths and altered augite with ilmenite in a dolerite (Z.955.3; X-nicols: x 25).
b. A pyroxene phenocryst replaced by (?) stilpnomelane in a fine-grained dolerite (Z.726.6: ordinary light:

. %.29).

Biotite occurs as an interstitial mineral in some of the thin sections but a slightly pleochroic,
golden brown micaceous mineral is commoner. It is interstitial in most thin sections and replaces
pyroxene in some, notably in specimen Z.726.6 (Fig. 3b). It is usually cryptocrystalline or
fibrous but rare crystals give a negative biaxial interference figure with a very small optic axial
angle. Its properties match those of stilpnomelane and its presence as a veinlet in specimen
Z..726.6 suggests hydrothermal introduction but its identification is not certain.

The accessory minerals include quartz and calcite, chlorite as an alteration product, pyrite,
ilmenite and haematite.

GEOCHEMISTRY

The two dolerite dykes dated by Rex (1971) suggested that at least two suites of dykes are
present in the Shackleton Range and, as none of the dykes has a distinctive petrography,
chemical analysis was undertaken to distinguish the two suites. Where possible, two specimens
from each dyke have been analysed (with the exception of specimen Z.628.1 which was dated at
457418 Ma) and most specimens were of sufficient bulk, relative to grain-size, to ensure a
representative analysis. Chemical analyses and norms are given in Table I and the data are
plotted graphically against a modified Larsen index (Nockolds and Allen, 1953) in Figs 4 and 5:
other graphs and triangular diagrams (Figs 6—11) are used to interpret these data.

cussion of the analyses

The general term “dolerite”, implying an intrusive rock of basaltic composition, has been used
to describe these dykes but in some cases the analyses depart from the oxide limits of the
chemical screen (Manson, 1967) for basaltic rocks, e.g. low alumina and high ferric oxide, phos-
phorus pentoxide and total. However, these departures are generally small and inconsistent
within any grouping so that the rocks have all been treated as dolerites.

Silica content shows fairly little variation (47.4—51.6%) but normative quartz values vary from
0 to 12.2%. Alumina values are generally low and some fall below the minimum of 10.5% for
basalts (Manson, 1967). With one exception, FeO exceeds Fe,O, and in some rocks Fe,0,
exceeds the maximum of 6.0% for basalts (Manson, 1967). Potash values are relatively high in
most of the rocks and this is further demonstrated by the plot of the normative feldspar compo-
nents on the or—an—ab diagram (Fig. 6). This diagram indicates the presence of two feldspars,
e.g. labradorite and anorthoclase, although the latter has not been recognized in thin section.
Many of the rocks also give normative plagioclase compositions in the andesine range, which
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Fig. 4. Plots of major oxides (recalculated to 100% anhydrous) of dolerite dykes against the modified Larsen index
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ANORTHOCLASE SANIDINE

Fig. 6. Triangular diagram on the coordinates an—or—ab (normative values). Symbols are as in Fig. 4: figures beside
symbols indicate the number of analyses plotting as a single point.

contrasts with the optical determinations but this may be due to the relatively few optical
determinations which could be made, particularly on the finer-grained specimens.

The trends of the major oxides plotted against the differentiation index follow broadly the
trends demonstrated by Nockolds and Allen (1954) for the alkali-basalt to trachyte series of
Scotland, Hawaii and Polynesia, but the Shackleton Range specimens represent only the more
basic end of the trends (Fig. 4). Trace-element data similarly plotted (Fig. 5) also broadly follow
the same trends, although Ba is generally high. The spread of points in these diagrams (Figs 4
and 5) implies that there was more than one magma source, as suggested by the dates, and it is
possible to see different minor or partial trends in different diagrams. The geographical locationg
of the dykes are shown on the diagrams by different symbols so that regional groups or lrcnb
can be readily identified but these are not always internally consistent. The number of dykes in
the Shackleton Range is small (16 are known) and 13 of them have been analysed. but all of
them are too narrow to expect much variation in their width so that the number of analyses is
insufficient to resolve the variations observed. Consequently, the natural complexity of the
problem is increased.

The triangular variation diagrams (Fig. 7a and b) show groupings close to the basic end of the
alkali-basalt to trachyte series for Scotland, Hawaii and Polynesia (Nockolds and Allen, 1954),
although the dykes from the Herbert Mountains show Na depletion relative to these trends. Also
shown are the main trend of Karroo dolerites (Nockolds and Allen, 1956), the trend of the
dolerites of the Theron Mountains (Brook, 1972) and the fields of the hypersthene- and
pigeonite-tholeiites of Victoria Land (Gunn, 1966). The Shackleton Range dykes form a group
rather than a trend, so that sub-division is difficult and unreliable.

The plot of mafic index against felsic index shows one trend through the dyke at Mount Beney
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and those in the Haskard Highlands, and a second trend through the dykes of the Herbert
Mountains, The Dragons Back and Lundstrém Knoll, with one dyke from the Herbert
Mountains plotting between the two trends (Fig. 8). The graph of total alkalis against silica (Fig.
9) shows a group, a trend and one isolated dyke. The group lies within the alkali-basalt field,
whereas the trend follows the boundary between the alkali- and tholeiitic basalt fields
(Macdonald and Katsura, 1964) and comprises specimens from each major geographical area.
The isolated dyke from Mount Beney is most interesting as it lies well within the tholeiitic field
and at the intersection of the Mesozoic tholeiite trend in the Heimefrontfjella area (Juckes, 1972)
and the Ferrar-Tasmanian trend observed in the Theron Mountains (Brook, 1972). This
suggests a relationship between the dyke at Mount Beney and the Mesozoic tholeiites of Dron-
ning Maud Land and the Transantarctic Mountains. This relationship appears to be confirmed
by the position of this dyke on the plot of Sr against Rb (Fig. 10), in which a group of five
analyses from the dykes in the north-eastern part of the Haskard Highlands plots at the edge of
the Dronning Maud Land field, also suggesting a relationship to the Mesozoic dolerites. In Fig.
10 these dykes are, paradoxically, chemically most distant from their geographically closest
equivalents in the Haskard Highlands.
QThe plot of Ca against Y (Fig. 11) again shows the Mount Beney dyke lying within the
esozoic trend (Table II; Brook, 1972; Juckes, 1972), to which are aligned both groups in the
Haskard Highlands. Although Taylor (1965) has queried the value of the Ca/Y ratio as an indi-
cator of differentiation, other workers have used it and it is used here only to distinguish between
groups of analyses.

Conclusions
It is not possible to draw any certain conclusions from the chemistry of these dykes but the
data suggest several possibilities:

TasLE II. Ca/Y RATIOS FOR SOME MESOZOIC DOLERITES IN THE THERON MOUNTAINS AND WESTERN DRroNNING
Maup LAND
Mean analyses of groups of Jurassic dolerites in the Theron Mountains (Brook, 1972, table XVIII)

-
1 2 3 4 5 6 7 8
CaO 7.31 10.18 9.18 8.21 10.98 8.71 8.13 9.08
Ca 5.22 7.28 6.56 5.87 7.85 6.22 5.81 6.49
Y 32 25 32 49 17 24 29 34
Ca/yY 1633 2910 2050 1198 4616 2594 2004 1 909
| Pl
1. Scarp-capping sill. 5. Younger sills and dykes, Lenton Bluff.
irst-phase intrusion, Marg Cliffs. 6. Layered sill, Jefiries Glacier and Marg Cliffs.
hird-phase intrusion, Marg Cliffs. 7. Middle sill, Coalseam Cliffs.
. Basal sill, Lenton Bluff. 8. Basal sill. Coalseam Cliffs.
Basalt and dolerite analyses from Heimefrontfjella (Juckes, 1972, table VI)
1 2 3 4 5 6 7 8 9
Ca 7.28 8.56 7.25 7.62 7.65 8.23 7.99 8.10 7.25
Y 19 13 25 25 26 23 22 18 32
Ca/Y | 3832 6 585 2900 3048 2942 3578 3632 4500 2 266

8.4 Coarse basalt lava, Bjetrnnutane. 6. £.370.1 Coarse basalt lava, western Bjernnutane.
0.2 Coarse basalt lava, Bjprnnutane. 7. Z.371.7 Basal lava, west of Bjgrnnutane.

9.1 Fine-grained basalt lava, Sembberget. 8. Z.372.1 Coarse basalt, western Bjernnutane.

0.1 Coarse basalt lava, Sembberget. 9. Z.353.7 Fine-grained dolerite sill, Schivestolen.
0.2 Fine-grained basalt lava, Sembberget.

(CaO and Ca as weight percentage: Y as ppm.)

1. 2.3
2.Z:3
3.Z3
4.2.3
A

i ba— O




Fe“+Fe”

Na+K

Mg Na

Fig. 7. Triangular variation diagrams on the coordinates:
a.(Fe""" + Fe™ " )-Mg—~(Na + K) (wt %).
b. K—Ca—Na (wt %).
Symbols are as in Fig. 4.
Differentiation trends for the alkali-basalt to trachyte series in Scotland (S), Hawaii (H) and Polynesia (P) after
Nockolds and Allen (1954); differentiation trend for Karroo tholeiites (K) (main trend) after Nockolds and
Allen (1956); differentiation trend for tholeiites in the Theron Mountains (T) after Brook (1972); pigeonite-
tholeiite (pecked boundary) and hypersthene-tholeiite (dotted boundary) fields for Victoria Land after Gunn
(1966).
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i. The dyke at Mount Beney (Z.726) is related to the Mesozoic dolerites of western Dronning
Maud Land and the Transantarctic Mountains.

ii. The dykes in north-eastern Haskard Highlands (Z.1043 and 1044) may be related to the
dykes of western Dronning Maud Land.

iii. a. The dykes in north-western Haskard Highlands (Z.1036 and 1039) may form a separate
group, or

b. They may be related to the dykes in north-eastern Haskard Highlands.

MAFIC INDEX

b4 1 1 1 1 1 1 ]

20 30 32 34 L 38 40 42 44
FELSIC INDEX

Fig. 8. Plot of mafic index (100 (FeO + Fe,0,) / (FeO + Fe,0, + Mg0)) against felsic index (100 (Na,0 + K,0) /
(Na,0 + K,O0 + Ca0)) for dolerite dykes. Symbols as in Fig. 4.

&

o©

FERRAR
DOLERITE
FIELD

1 1 1 1 |
49 50 53 54 55 56

Fig. 9. Plot of (Na,0 + K,0) against SiO, (wt %) for some Antarctic dolerites. Solid symbols represent dykes from
the Shackleton Range (as in Fig. 4); x dolerite analyses from Heimefrontfjella (Juckes, 1972). Ferrar dolerite
field after Gunn (1962, fig. 22); tholeiitic-alkalic boundary after Macdonald and Katsura (1964, fig. 1);
Ferrar—Tasmanian trend from the Theron Mountains after Brook (1972).
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iv. The dykes of the Herbert Mountains (Z.912, 914, 916 and 942), the dyke at Lundstrom
Knoll (Z.628) and possibly the dyke at The Dragons Back (Z.736) may form a single
group.

v. The dykes of north-eastern Haskard Highlands (Z.1043 and 1044), The Dragons Back
(Z.736) and two dykes from the Herbert Mountains (Z.916 and 942) may form a single
group.

vi. The dykes of north-western Haskard Highlands (Z.1036 and 1039) with two dykes from
the Herbert Mountains (Z.912 and 914) and the dyke at Lundstrom Knoll (Z.628) may
form a single group.

The radiometric ages of the dyke at Lundstrom Knoll (457 + 18 Ma) and the dyke at The
Dragons Back (297 + 12 Ma) (Rex, 1971) may be used to eliminate some of the foregoing possi
bilities, although the chemistry of these two dykes is very similar in many respects and they fre-
quently plot very close together despite their wide separation in time (160 Ma) and space
(150 km). By considering the dates, possibilities i, iii.a, v and vi seem most likely but, if the 297 +
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Fig. 10. Plot of Sr against Rb (ppm); symbols as in Fig. 4. Dronning Maud Land and Transantarctic Mountains fields
after Faure and Elliot (1971, fig. 2); Theron Mountains fields after Brook (1972).
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12 Ma date is unreliable and there is no other evidence of a Carboniferous event in the
Shackleton Range, then possibilities i, ii, iii.a and iv seem most likely.

Dolerite dykes and sills in Mannefallknausane dated at 259 + 10, 256 + 10 and 547 + 100,
580+ 100 Ma (Rex, 1971), for which chemical data are available (Juckes, 1968, 1969), bear no
relation to either of the dated dykes in the Shackleton Range. Similarly, the Precambrian and
Palaeozoic—Mesozoic dolerite intrusions from Ahlmannryggen (Neethling, 1971) differ markedly
from the dykes considered here, except in the Mesozoic similarities of the Mount Beney dyke,
and the basaltic rocks described by von Brunn (1964) are all considered to be Mesozoic.

The dolerite dykes of the Shackleton Range are difficult either to group within themselves or to
correlate with basaltic rocks from other areas, except in the case of the dyke at Mount Beney
which shows definite affinities with the Mesozoic intrusions of western Dronning Maud Land
and the Transantarctic Mountains. The remaining dykes have a varied chemistry and the present
paucity of data creates ambiguities. From the radiometric evidence, there are undoubtedly some
Ordovician dykes and these are almost certainly related to events during the Ross orogeny which
folded the Blaiklock Glacier Group. Although a relationship between the Upper Carboniferous
dyke at The Dragons Back and the Permian dyke in Mannefallknausane might be expected, its

.sence may well be due to the lack of data.

Further sampling and analysis of the dykes will, hopefully, clarify the apparent anomalies

revealed by the present study.

Ca (wt®/o)
~

A

@
o
3

a

5 1 1
e} 20 40 60 80 100
Y (ppm)

Fig. 11. Plot of Ca (wt %) against Y (ppm) (Table II). Solid symbols represent dykes from the Shackleton Range (as in_
Fig. 4); x dolerite analyses from Heimefrontfjella (Juckes, 1972); A mean dolerite analyses from the Theron
Mountains (Brook, 1972, table X VIII).
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