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Geochemical characteristics of the Alcurra Dolerite (Giles Event) 
and its extrusive equivalents in the Bentley Supergroup

by

HM Howard, RH Smithies, M Werner, CL Kirkland, and MTD Wingate

The c. 1067 Ma Alcurra Dolerite is geographically wide- 
spread throughout the Musgrave Province of Australia. 
This geochemically distinct suite was emplaced during the 
complex series of intrusive (Warakurna Supersuite) and 
extrusive (Bentley Supergroup) mafic to felsic magmatic 
episodes that form the c. 1085–1030 Ma Giles Event. The 
suite postdates the major mafic intrusive components of the 
Warakurna Supersuite (the c. 1078–1075 Ma layered mafic–
ultramafic intrusions and c. 1075 Ma massive gabbros), 
which form the west-northwest spine (Fig. 1) of the west 
Musgrave Province. 

The Alcurra suite is of particular importance because of its 
potential direct genetic links with mineralization — for 
example with contemporaneous and geochemically similar 
gabbros hosting orthomagmatic Cu–Ni–PGE mineralization 
at Nebo–Babel as well as Cu(–Ni–PGE–Au) mineralization 
at the Halleys Prospect. The Alcurra suite may also have links 
with ?orthomagmatic to hydrothermal Cu mineralization 
found at the Tollu Prospect and in dykes to the north of the 
Jameson Community. In view of these potential links, our 
ongoing investigation into the stratigraphy and geochemical 
relationships of the Warakurna Supersuite and Bentley 
Supergroup seeks to understand petrogenetic links between 
the Alcurra Dolerite and voluminous extrusive units of 
the Bentley Supergroup and to explain any petrogenetic 
differences using new geochronological and geochemical 
data. 

Geochemistry of the Alcurra Dolerite
The Alcurra Dolerite is an evolved, strongly Fe-enriched 
and incompatible trace element-rich suite of tholeiitic to 
mildly alkalic intrusions that extends across all lithotectonic 
zones of the west Musgrave Province (Fig. 1). These rocks 
are geochemically distinct from other mafic intrusive rocks 
of the Giles Event and from rocks of other dyke suites in 
the region (e.g. the Kullal Dyke Suite; Fig. 2). Major- and 
trace-element trends suggest that the evolution of the suite is 
mainly controlled by fractionation of olivine and plagioclase, 
with later magnetite fractionation. Bulk compositions 
(SiO2 ~47.5 wt% and MgO ~6 wt%) are consistent with 
crystallization at high T, and low P, fH2O and fO2. Minimum 
La/Nb (~1.5) and La/Sm (~2.6) ratios (Fig. 3) are regionally 

constant and reflect incorporation of an enriched (ultimately 
crustal) component into the melt that was compositionally 
homogeneous. Neodymium isotopic data indicate that 
this enriched component was ancient (>1600 Ma) and 
likely either reflects a compositionally homogeneous lower 
crustal contaminant or a previously enriched mantle source. 
Divergences from these minimum La/Nb and La/Sm ratios 
likely reflect upper crustal contamination (see arrows in 
Fig. 3) and, interestingly, are most pronounced in areas 
where the Alcurra Dolerite is known to be mineralized.

Comparisons with the Bentley 
Supergroup
The Bentley Supergroup is composed mainly of voluminous 
bimodal mafic and felsic volcanic rocks. The oldest 
component — found in the Blackstone region — is 
the c. 1078 Ma Kunmarnara Group, and includes the 
amygdaloidal basaltic lavas of the Mummawarrawarra Basalt. 
This basalt is a very distinct geochemical group (Fig. 3) that 
can be correlated, over several 100 km, with the Mount 
Harris Basalt in the Northern Territory (Close et al., 2003). 
Evidence for significant contamination by a discrete crustal 
component clearly distinguishes it from the younger Alcurra 
Dolerite.

The Tollu Group is composed of the felsic lavas of the 
c. 1072 Ma Smoke Hill Volcanics and these are overlain by 
the basic to intermediate lavas of the Hogarth Formation. 
Deposition of the Hogarth Formation possibly overlapped 
with emplacement of the Alcurra Dolerite, and the two 
groups show strong compositional similarities.

The Bentley Supergroup is best exposed in the Mount 
Eveline – Warburton Range area where its oldest outcrop 
component is the Pussy Cat Group. This group includes 
the amygdaloidal basaltic lavas of the Glyde Formation, 
some of which might be as young as c. 1065 Ma, although 
the rhyolitic 1071 ± 5 Ma Kathleen Ignimbrite (GSWA 
sample 195723) also forms a component of the group. 
Although basalts of the Glyde Formation show evidence of 
significant upper crustal contamination (Fig. 3), their least-
contaminated rocks are compositionally very similar to the 
Alcurra Dolerite.



 GSWA 2011 extended abstracts

28 Johnson et al.

 GSWA 2011 extended abstracts 

28 Howard et al.

26
°0

0'

TJ
U

N
I P

U
R

LK
A

TE
C

TO
N

IC
   

ZO
N

E

W
A

L
PA

 P
U

L
K

A
   

Z
O

N
E

M
A

M
U

T
JA

R
R

A
   

Z
O

N
E

12
8°

30
'

127°30'

12
8°

00
'

26
°3

0'

25
°3

0'

129°00'

H
M

H
23

30
 k

m

To
llu

pl
ut

on

S
at

ur
n

pl
ut

on

B
LA

C
K

S
TO

N
E

   
  R

A
N

G
E

BELL
 R

OCK   
  R

ANGE

H
IN

C
K

LE
Y

   
  R

A
N

G
E

S
ou

th
 H

ill
pl

ut
on

S
ki

rm
is

h 
H

ill

MURRAY

RANGE

M
t F

an
ny

B
la

ck
st

on
e

M
t A

lo
ys

iu
s

C
ha

rn
oc

ki
te

F
la

ts

M
t D

ai
sy

 B
at

es

A
m

y 
G

ile
s 

H
ill

M
O

R
G

A
N

R
A

N
G

E

C
A

V
E

N
A

G
H

R
A

N
G

E

N
eb

o
–B

ab
el

19
.0

1.
11

M
t F

in
la

ys
on

Ja
m

es
on

JA
MESON    

 R
ANGE

To
llu

 P
ro

sp
ec

t

C
u-

m
in

er
al

iz
ed

dy
ke

C
u-

N
i-P

G
E

H
al

le
y’

s 
P

ro
sp

ec
t



Promoting the prospectivity of Western Australia

The role of the 1280–1250 Ma Mutherbukin Tectonic Event 29

Promoting the prospectivity of Western Australia

Geochemical characteristics of the Alcurra Dolerite 29

Figure 1. Solid geology interpretation of the eastern portion of the west Musgrave Province showing the distribution 
of major Alcurra Dolerite intrusions, extending through the Jameson, Blackstone and Bell Rock Ranges
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Figure 3. La vs Nb showing regionally constant minimum La/Nb and the effect 
of upper crustal contamination on all magma batches

Figure 2. La/Nb vs La/Sm showing the Alcurra Dolerite, massive gabbro 
(Warakurna Supersuite), Kullal Dyke Suite, Mummawarrawarra Basalt, 
Glyde and Hogarth Formations, and Warubuyu Basalt
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The c. 1064 Ma Palgrave Group consists of a generally 
south-striking sequence that dips and youngs to the west. 
The succession is folded on a large scale and consists of felsic 
volcanic and pyroclastic rocks with minor lenses of mafic 
volcanic rocks. Regionally extensive, formerly vitric, units 
show remarkable geochemical homogeneity. Geochemically 
similar rhyolite forms a major component of the Scamp 
Volcanics and a new age of 1064 ± 5 Ma from the Scamp 
Volcanics (GSWA sample 195678) potentially links them 
with the Palgrave Group. Mafic lenses within the lower 
Palgrave Group and dolerite intrusions within the Scamp 
Volcanics are both geochemically very similar to the Alcurra 
Dolerite. 

The Cassidy Group consists of a sequence of alternating and 
variably amygdaloidal mafic lavas and flow-banded rhyolitic 
lavas, such as the 1065 ± 5 Ma Wururu Rhyolite (GSWA 
sample 174690) and the 1057 ± 6 Ma Thomas Rhyolite 
(GSWA sample 174691). Several microgranite intrusions 
in the Mount Eveline area are geochemically similar to 
the Wururu Rhyolite and are most likely their synvolcanic 
equivalents. Basalts such as the Warubuyu Basalt show strong 
compositional similarities with the Alcurra Dolerite. The 
Thomas Rhyolite shows geochemical similarities with evolved 
rocks of the Hogarth Formation and with 1055 ± 10 Ma 
quartz diorite intrusions (GSWA sample 187054), which 
were emplaced into the Palgrave Group, and all of these show 
trace-element similarities with the Alcurra Dolerite.

The geochemical composition of the Alcurra Dolerite differs 
from most other mafic intrusive units of the Warakurna 
Supersuite (Figs 2, 3). However, several volcanic units of 
the Bentley Supergroup show remarkable compositional 
similarities and were most likely derived from the same 
source. Although the uncertainties on geochronological 
constraints allow the possibility that dolerite intrusions 
in the Scamp area, the Warubuyu Basalt, and quartz 
diorite intrusions into the Palgrave Group, are the same 
age as the Alcurra Dolerite, they are more likely to be 
younger intrusions derived from the same mantle source. 
Furthermore, the geochemical trends discussed show that 
basalts of the Glyde Formation and mafic lenses in the lower 
Palgrave Group could be genetically linked to the Alcurra 
Dolerite (suite). 
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