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Abstract: Lamprophyre dikes of Ordovician age are widespread and numerous in southern Victoria Land. They have
a dominant northeast-southwest (NE-SW) orientation and were emplaced in the late stage of Ross Orogeny, following
the intrusion of granitoid plutons of the Granite Harbour Intrusives. The lamprophyres are mostly calc-alkaline and
have a wide range of chemical composition with SiO, = 4658 wt% and mg# = 45-72, as a result of crystal frac-
tionation of clinopyroxene and amphibole as well as possible crustal contamination. These rocks are highly enriched
in large-ion-lithophile elements (LILE) and light rare earth elements (LREE) (Rb =45-180 ppm, Ba=490-1500 ppm,
and Ce = 35-130 ppm) but have strong Nb-Ti depletion relative to LILE and LREE, which is the characteristic of
subduction-related magmas. Their most primitive compositions, with mg# < 72, Ni < 210 ppm, Cr < 670 ppm, and
Sc < 34 ppm, are likely mantle-derived primary magmas. Some of the lamprophyres are ultramafic and alkaline, but
they only occur in the Royal Society Range. These rocks have a quite narrow range of major element composition and
very high volatile contents (5-11 wt%) and are very enriched in LILE, LREE, and also high-field-strength elements
(HFSE) (Ba=330-4200 ppm, Sr=620-1800 ppm, Ce = 74-195 ppm, and Nb =28-65 ppm). Most of them have quite
high abundances of compatible elements, with mg# < 70, Ni < 230 ppm, Cr < 700 ppm, and Sc < 36 ppm, and may

represent primary melts derived from low-degree partial melting of a metasomatized subcontinental mantle.
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Introduction

Study of lamprophyres has intensified in recent years, as
it has become clear that they are also petrologically and
economically significant rocks (e.g. Barreiro and Cooper,
1987; Esperanca and Holloway, 1987; Rock ef al., 1988;
Wallace and Carmichael, 1989; Wyman and Kerrich, 1989;
Rock, 1990; Thompson et al., 1990). Lamprophyre dikes, as
part of the Granite Harbour Intrusives of the Ross Orogeny,
are very widespread and numerous in southern Victoria
Land (Fig. 1). They are perhaps the most significant mafic
rocks associated with the Ross Orogeny in this region. In
this paper, we will describe the geology, petrology, and
geochemistry of these lamprophyre dikes, and discuss their
petrogenesis and tectonic implications for the Ross Orogeny.

Geologic Setting and Distribution of Lamprophyre Dikes

The geology of southern Victoria Land region can basi-
cally be described as a pre-Devonian igneous, metamorphic
and meta-sedimentary basement complex overlain by De-
vonian to Early Jurassic clastic sedimentary rocks of the
Beacon Supergroup (Fig. 1). The oldest rocks exposed in
this region are Precambrian and Early Paleozoic metamor-
phosed igneous, carbonate, and argillaceous sedimentary
rocks of the Koettlitz and Skelton Groups, consisting of
marbles, schists, amphibolites, and granite gneisses. During
the Early Paleozoic Ross Orogeny, these rocks were deformed
and later intruded by granitoid plutons, lamprophyre dikes
(this study) and felsic porphyry dikes of the Granite Harbour
Intrusives (e.g. Gunn and Warren, 1962; Lopatin, 1972;
Skinner, 1983; Findley ef al., 1984).

The distribution of lamprophyre dikes in the southern
Victoria Land is given in Fig. 1, which is based on our field
work during two austral seasons (1989/90, 1990/91). The
lamprophyre dikes occur widely throughout the whole re-

gion and are locally dense in some areas of southern Royal
Society Range and the Dry Valleys. The lamprophyre dikes
intruded into both the Precambrian-Early Paleozoic meta-
morphic basements of the Koettlitz and Skelton Groups and
the granitoid plutons of the Granite Harbour Intrusives, and
are often cut by felsic porphyries. Some composite dikes of
lamprophyre-porphyry also have been found in the Dry
Valleys. Isotopic ages (Ar/K, Rb/Sr) of the granitoid plutons
and the lamprophyre and porphyry dikes show overlaps and
range from 440 Mato 510 Ma (Angino et al., 1962; Deutsch
and Grogler, 1966; Jones and Faure, 1967), which suggest
they were emplaced in the late stage of the Ross Orogeny.
This close association of granitoid pluton, calc-alkaline
lamprophyre, and porphyry is quite typical in orogenic belt
magmatism (e.g. Suzuki and Shiraki, 1980; Rock and Hunter,
1987; Rock, 1990).

The lamprophyre dikes are mostly parallel, with dominant
northeast-southwest (NE-SW) orientations (NE 30-50°,
Fig. 1). Most of the dikes are near vertical and between 0.5-
3 m wide, extending from a few to 10-20 km in length.
Chilled margins can be observed in some dikes, but contact
metamorphism of their country rocks israre. Banding across
the dike (from center to margins) occurs in some dikes,
shown by variations in the concentration, size and/or shape
of phenocrysts (amphibole, mica, and clinopyroxene) and
globular segregations (carbonatitic or felsic ocelli).

The lamprophyre dikes also show regional distribution in
composition. In the Royal Society Range, the southern part
of the study area, lamprophyres consist of a variety of
ultramafic, alkaline, and calc-alkaline rocks; whereas in the
Dry Valleys and the Granite Harbour area, the northern part
of the study area, lamprophyres are all calc-alkaline, mainly
spessartites. Descriptions of field geology and petrography
of some lamprophyres in this region can also be found in
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Fig. 1. Sketch map of southern Victoria Land showing schematically the distribution of Ordovician lamprophyre

dikes.

some previous literature (Smith, 1924; Webb and McKelvey,
1959; Allen and Gibson, 1962; Angino ef al., 1962; Gunn
and Warren, 1962; McKelvey and Webb, 1962; Blank et al.,
1963; Ghent and Henderson, 1968).

Petrography and Mineralogy
Classification of the lamprophyres in this study (Table 1)

is based on their mineralogy and whole-rock major element
compositions, following the recommendations of the In-
ternational Union of Geological Sciences (IUGS) (Le Maitre,
1989) and suggestions made by Rock (1987, 1990). Three
main branches of lamprophyres, ultramafic, alkaline, and

calc-alkaline, are found in southern Victoria Land; and of

these, the calc-alkaline lamprophyres are the most common

rocks.
Most of the lamprophyres are very fresh, with well pre-
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served primary mineralogy and textures; some have suf-
fered minor to moderate alteration, such as chloritization,
epidotization, and carbonatization. The lamprophyres have
typical panidiomorphic textures, with commonly intensely
zoned idiomorphic phenocrysts of clinopyroxene, amphib-
ole and mica. The percentage of phenocrysts in the whole
rock varies from 5% to 30% by volume. Globular structures
can also be seen in many dikes. The composition of ocelli
varies between rock types, mostly carbonatitic in ultramafic
lamprophyres and felsic in calc-alkaline lamprophyres.
Although ocelli are distributed throughout the dikes, their
sizes and shapes change from center to margins. The ocelli
in the center of dikes are typically larger in size with
spherical shapes while those in the margins are smaller and
ellipsoidal. The ocelli normally have sharp contacts with the
groundmass, commonly marked by discontinuous lines of



Table 1. Classification and mineralogy of lamprophyres from southern Victoria Land.

ROCK MINERALOGY
Branch Type Phenocryst Groundmass
Ultramafic Damkjernite, Phl + Di £ Am Phl + Cc + Di + Ap + Mag
(UML) Aillikite + Ap(m)* + Mag(m) + Grt + Glass + Foids + Af
Alkaline Camptonite, Am + Di ¢ Phl Am + Aug + Pl + Af + Mag + Ap
(AL) Sannaite + Ol + Mag(m) + Foids *+ Cc

Calc-alkaline
(CAL)

Spessartite,

Vogesite + 0l

Am * Aug * Bt

Pl + Af + Am + Mag + Ap
+ Foids * Qtz

Minerals are listed in order of their relative abundances.

Af - alkali feldspar; Am - amphibole; Ap - apatite; Aug - augite; Bt - biotite; Cc - calcite; Di - diopside;

Foids -

feldspathoids; Grt - garnet; Mag - magnetite; Ol - olivine; Phl - phlogopite; PI - plagioclase;

Qtz - quartz.
*m - microphenocryst

tangentially arranged hastingsite prisms.

The mineralogy of these lamprophyres is listed in Table 1,
with some highlights summarized as follows: 1) In ultra-
mafic lamprophyres, phlogopite is the most common and
abundant phase both in phenocryst and groundmass as-
semblages. Calcite is also very common (>5%) and mostly
primary (based on their textures); 2) Amphibole is the most
common mineral both in alkaline and calc-alkaline
lamprophyres. It is kaersutite or Ti-pargasite in alkaline
lamprophyres and hornblende or hastingsite in calc-alkaline
lamprophyres; 3) Most of the calc-alkaline lamprophyres
are spessartites, with abundant plagioclase in their ground-
mass; 4) Apatite and magnetite occur as microphe-nocrysts
in ultramafic and alkaline lamprophyres and in groundmass
assemblages in all of the lamprophyres. Apatite is especially
abundant in the ultramafic lamprophyres; 5) Zonation is
very common in phenocrysts of clinopyroxene and amphi-
bole in all of the lamprophyres, and especially strong in
diopside phenocrysts of alkaline lamprophyres.
Clinopyroxenes show increases in concentrations of Ti, Al,
and Fe and decreases in Si, Mg, and Cr from core to rim. In
amphiboles the concentrations of Ti, Al, and Mg decrease
from core to rim while Si and Fe increase. The amphibole
phenocrysts in calc-alkaline lamprophyres typically have a
hornblende core and a hastingsite rim (commonly with quite
sharp transition).

Some ultramafic and alkaline lamprophyre dikes in the
Royal Society Range are loaded with crustal xenoliths,
including garnet granulites and garnet anorthosites from the
deep crust. They contain an abundance of megacrysts such
as Cr-diopside, garnet, hornblende, and phlogopite. Crustal
xenoliths are also found in some calc-alkaline lamprophyre
dikes in the Taylor Valley. These crustal xenolith suites are
currently under study, and the results shall provide valuable
information about the crust in the southern Victoria Land
region during the late- or post-Ross Orogeny.

Whole-Rock Chemical Composition
Major and trace element compositions were analyzed by

X-ray fluorescense (XRF) spectrometry at Northern Illinois
University, with major elements determined on fused discs
and trace elements on pressed powders. Analytical uncer-
tainties are less than 2% for most major elements, less than
5% for MnO, P,Os, and trace elements at concentrations >20
ppm, and are less than 10-15% for trace elements at con-
centrations <20 ppm.

A total of 116 samples (with no or very little secondary
alteration) have been analyzed, comprising 8 ultramafic, 18
alkaline, and 90 calc-alkaline lamprophyres. The number of
samples analyzed roughly represents their relative abun-
dances in the field. Figure 2 shows some selected major and
trace element compositions of these rocks, and Table 2 lists
some representative analyses. The three main branches of
lamprophyres, ultramafic, alkaline, and calc-alkaline, have
distinctive compositions (Fig. 2), but no significant differ-
ence of composition is observed between the individual
types of the same branch, i.e. camptonite and sannaite. Both
the ultramafic and alkaline lamprophyres have a quite nar-
row range in their major element chemistry while the calc-
alkaline rocks show much larger variations in their compo-
sitions.

Ultramafic lamprophyres

Even though their volatile contents have not been deter-
mined yet, the missing parts in their totals of XRF analyses
(7-11 wt%) must mainly be CO, and H,O, according to their
phlogopite and calcite dominant mineralogy. In general,
these rocks have compositions between kimberlites and
carbonatites. For major elements, they have quite high MgO
(7.6-10.1 wt%), low SiO, (34-39 wt%) and A1,05(9.6-11.6
wit%), very high CaO (18-21 wt%) and P,O5 (1.4-1.8 wt%).
Fortrace elements, they are extremely enriched in large-ion-
lithophile elements (LILE), light rare earth elements (LREE),
and high-field-strength elements (HFSE) (Sr = 11001800
ppm, Ba =713-4200 ppm, Ce = 130-195 ppm, La = 55-90,
and Nb = 42-65 ppm (Figs. 2 and 3). These rocks also have
relatively high contents of compatible trace elements, with
Ni = 86-140 ppm, Cr 200-350 ppm, and Sc 20-27 ppm.
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