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The age of the diamond-bearing pipes and associated leucite lamproites of the
West Kimberley region, Western Australia

A.L. Jaques, AW. Webb?, C.M. Fanning?, L.P. Black} RT. Pidgeon’, John Ferguson, C.B. Smith*, &

G.P. Gregory®

New K-Ar and Rb-Sr ages obtained for 14 separate lamproite intru-
sions in the Fitzroy area of the West Kimberley region of Western
Australia confirm the early Miocene ages previously obtained for the
Fitzroy lamproites. Similar (early Miocene) ages were obtained for the
leucite lamproite intrusions and one of the newly discovered diamon-
diferous pipes of olivine lamproite resembling kimberlite. This is

consistent with their close spatial association in the field and their
petrologic and geochemical similarities. There is a small difference in
age between the northernmost intrusions of the Ellendale area
(20-22 Ma) and those further south in the Noonkanbah area
(18-20 Ma). The early Miocene ages of the West Kimberley diamond
pipes make these the youngest primary source of diamond yet found.

Introduction

The recent discovery of diamond (Atkinson & others, 1982,
1984) in kimberlitic rocks intimately associated with the
leucite lamproites of the Fitzroy area of the West Kimberley
region of Western Australia (Wade & Prider, 1940; Prider,
1960) has renewed interest in the province and, in particular,
in these unusual rocks. Petrological and geochemical studies
of these newly discovered kimberlitic intrusions indicate that,
although resembling micaceous kimberlite, they are olivine-
rich lamproites directly related to the leucite lamproites
(Fitzroy lamproites), with which they form a consanguineous
ultrapotassic (lamproite) suite (Jaques & others, 1982, 1984).
Accurate dating of the age of intrusion of the Fitzroy lam-
proites therefore constrains the age of intrusion of the
diamond-bearing pipes.

Controversy has surrounded the age of intrusion of the
Fitzroy lamproites. Prider (1960) and Kaplan & others (1967)
considered them to be Jurassic on the basis of limited Rb-Sr
dating. Wellman (1973) disputed the Jurassic ages and
presented concordant K-Ar ages on a number of different
minerals, which gave consistent early Miocene ages
(17-20 Ma). A number of subsequent publications and recent
regional geological maps (e.g. GSWA, 1979), however, have
preferred the older (Jurassic) ages for the Fitzroy lamproites,
possibly because this age is in better accord with known
tectonic activity in the region.

In this paper we present new K-Ar ages for mineral separates
from 13 separate intrusions, mostly of leucite lamproite com-
position, together with new Rb-Sr dates on both the leucite
lamproites and one of the newly discovered olivine-rich lam-
proites, which contains diamond at grades greater than
5 cts/100 tonnes. The new data confirm Wellman’s (1973)
early Miocene ages for intrusion of the suite and indicate
small but systematic differences in age within the province.
The Tertiary ages obtained for the diamond-bearing
lamproites make these the youngest pipes yet found.

Geology

Recent company exploration has greatly increased the
number of recorded intrusions in the Fitzroy area of the West
Kimberley region, and over 100 separate intrusions are now
known (Atkinson & others, 1984; Jaques & others,1984). The
majority of the intrusions occur as vents, pipes, plugs, sills,
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and rare dykes in a broad belt that extends south from the
King Leopold Mobile Belt, at the southern margin of the
Kimberley Block, across the Lennard Shelf to the southern
margin of the Fitzroy Trough, at the northern edge of the
Canning Basin (Fig. 1). Within this belt are three main fields
(Fig. 2), located in the north on the Lennard Shelf (Ellendale
field), on the shelf margin (Calwynyardah field), and in the
south in the Fitzroy Trough (Noonkanbah field). A smaller
cluster of pipes intrudes the King Leopold Mobile Zone some
100 km further east, to the north of Fitzroy Crossing. Olivine-
rich (kimberlitic) rocks are mostly confined to the Ellendale
field, whereas intrusions in the Noonkanbah field are mostly
leucite-rich lamproite. Diamondiferous pipes occur in all four
areas, however.

Petrological and geochemical studies indicate a continuum
from olivine-rich lamproite, resembling micaceous kimberlite,
through lamproite containing both olivine and leucite, to the
leucite-rich lamproites described by Wade & Prider (1940) and
Prider (1960), which contain phlogopite, diopside, or potassic
richterite as the main mafic phases. The olivine lamproites
consist of coarse olivine macrocrysts in a fine-grained to
glassy groundmass, containing olivine, phlogopite, diopside,
apatite, perovskite, spinel, and glass, and, in coarser-grained
types, potassic richterite and wadeite. The leucite lamproites
are strongly porphyritic with the major phenocryst minerals
including one or more of: olivine, phlogopite, diopside,
potassic richterite, and leucite. Details are given in Wade &
Prider (1940), Prider (1960), and Jaques & others (1984).

Analytical methods

The dating was carried out on whole rock samples and
mineral separates obtained by standard heavy-liquid separa-
tion techniques, followed by hand picking. Sample locations
and descriptions are given in an Appendix.

K-Ar dating was carried out at the Australian Mineral
Development Laboratories (AMDEL) using techniques based
on McDougall (1966) and Cooper (1963). A more complete
description is given in Webb (1976). The bulk of the Rb-Sr
dating was carried out at the ANU and BMR laboratories, us-
ing a mixed 8Rb, 8Sr spike, following Williams & others
(1975) and Page & others (1976). Additional analyses were
made at AMDEL following similar techniques based on
Compston & others (1965). All 87Sr/8Sr values are normalis-
ed to the average value obtained on the MSZ mass spec-
trometer at ANU for NBS 987 of 0.71027 (McCulloch &
others, 1983).

K-Ar results

The K-Ar ages obtained in this study together with the
analytical data are presented in Table 1. The ages range from
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Figure 1. Distribution of kimberlitic intrusions, olivine and leucite lamproites, and diamond occurrences in relation to major tectonic features

of the Kimberley region, Western Australia.

E = Ellendale field, C = Calwynyardah field, N = Noonkanbah field.

22 Ma in the northernmost diatremes at Winjana and Mount
Percy to about 18-20 Ma for the southernmost lamproite
plugs in the Noonkanbah field.

The ages determined on different phlogopite fractions from
five different samples, ranging from olivine-phlogopite-
leucite lamproite to tuffaceous phlogopite-rich crater sedi-
ments for the Camarotoechia Bore pipe, range from 21.3 to
22.6 Ma. This is only slightly greater than that expected from
analytical uncertainty (10 = +1%). The oldest and youngest
ages were obtained from detrital phlogopites in crater
sediments, whereas phlogopites from the magmatic and tuf-
faceous lamproite samples gave ages in good agreement (22.1,
22.5, and 22.0 Ma). Whether this spread in ages reflects com-
plex igneous activity within the pipe or the fact that detrital
phlogopites are more susceptible to Ar diffusion is not clear.
However, primary and detrital phlogopites have similar K and
4Ar contents, which with the concordant ages (within in-
strumental uncertainty) suggest that “Ar and K gain or loss
in detrital phlogopites is negligible. The fact that the
anomalously young age (sample 79211067) has a significantly
lower “Ar*/4%Ar total than the other samples suggests a
greater uncertainty for this date. A reproducible age was ob-
tained from two different samples from the Water Reserve Sill
(Table 1).

In general, the ages obtained from diopside and phlogopite
separates are in good agreement (Table 1). For example, diop-
side and phlogopite from Machell’s Pyramid (sample
81210157) gave ages of 18.5 and 18.2 Ma, respectively.
However, in two samples from ‘P’ Hill, while diopside from
81210147 and phlogopite from 81210145 are in fair agreement
(20.5 + 1.0and 19.7 + 0.2 Ma), diopside from 81210145 gave
a significantly younger age (18.4 + 0.9 Ma). This difference is
marginally greater than would be “expected solely from
experimental error (i.e. 6.6% compared to + 5% for the diop-
side). The small amount of sample available prohibited
duplication of the K analysis of the diopside, and it is possible
that there is a higher uncertainty in the K analysis for this
sample. The age difference may, therefore, be due to
analytical error.

The youngest age (17.0 + 0.9 Ma ) was obtained on diopside
from a diopside-leucite lamproite from Mount Gytha
(Table 1). The high uncertainty associated with this age
overlaps, at the 95 per cent confidence level, the lower age
limit given by phlogopite (and diopside) from the adjacent
Machell’s Pyramid (i.e. 17.9 cf. 18.2 + 0.28 Ma). Since, on
geological grounds, it seems likely that the two intrusions are
closely related, the upper age limit (17.9 Ma) is preferred for
Mount Gytha.
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Figure 2. Distribution of the ultrapotassic rocks in the West Kimberley region,showing Ellendale, Calwynyardah, and Noonkanbah fields, and

a summary of K-Ar isotopic ages.

Main lamproite bodies from north to south are: W= Winjana, MN = Mt North, MR = Mt Rose, 4 = Ellendale 4. 7 = Ellendale 7,9 = Ellendale 9, 11 = Ellendale
1, MP = Mt Percy, 81-M = 81-Mile Vent, WRS = Water Reserve Sill, CB = Camarotoechia Bore, McH = McKinrick Hill, BS = Big Spring, OLH = Old
Leopold Hill, PHE = Prairie Hill East, HW = Hooper Wesi, BR = Brooking Creek, RH = Rice Hill, HB = Hason’s Bore, OP = Oscar Plug, WR = White
Rocks, WH = Walgidee Hills, MC = Mt Cedric, HH = Howes Hill, MH = Mamilu Hill, MA = Mt Abbott, MG = Mt Gytha, MPy = Machell’s Pyramid,
FH = Fishery Hill, NH = Noonkanbah Hill, Ml = Mt Ibis, PH = ‘P’ Hill, DH = Djada (Dadja) Hill, K = Kalyeeda Hills.

Note: A number of smaller lamproite intrusions not shown. Locations taken from published 1:250 000 geological maps and unpublished data provided by CRA
Exploration Pty Lid. Data from Wellman (1973) (using revised decay constants), this study, and Nixon & others (1982) (for Howes Hill, west, lamproite).

The new ages compare with the Miocene K-Ar ages obtained
by Wellman (1973) on a variety of minerals from three
separate intrusions of the Fitzroy lamproites. Wellman’s
(1973) concordant mineral ages, regarded as ‘best estimates’,
have been recalculated using the revised decay constants of
Steiger & Jager (1977). Agreement between these recalculated
ages (Table 2) and the new ones (Table 1) is excellent. For
example, the revised age for the Mount North lamproite
(22.3 Ma) compares with the 21-22 Ma obtained for other in-
trusions of the Ellendale field. Similarly, the miean of the
revised ages for the Walgidee Hills intrusion (17.8 Ma) is in ex-
cellent agreement with the 17.5 + 0.2 Ma obtained in this
study. The K-Ar ages obtained in both Wellman’s and this
study are further supported by the 19 Ma reported by Nixon
& others (1982) for the Howes Hill (west) lamproite. This
agrees closely with the K-Ar ages obtained for the other
Noonkanbah field lamproites and provides further support
for the slight difference in age observed between the northern-
most and southernmost lamproites.

Rb-Sr dating

Studies by Powell & Bell (1970) and, more recently,
McCulloch & others (1983) have shown that the lamproites of
the West Kimberley region have high contents of Rb and Sr

(250-3000 ppm Rb, 1000-2000 ppm Sr), and high Rb/Sr and
87Sr/%6Sr (0.3-0.4 and 0.711-0.720, respectively). These Rb/Sr
and initial 87St/%6Sr values are amongst the highest reported
for mantle-derived ultrabasic and basic igneous rocks.
McCulloch & others (1983) observed large variations in initial
87S1/86Sr both throughout the West Kimberley province and
within individual fields, precluding any assumptions regar-
ding common initial ratios.

Leucite lamproites

Rb and Sr analyses were made on phlogopite separates and
total-rock samples from Mount Percy, 81-Mile Vent, and
Walgidee Hills (Table 3), and on potassic richterite, perov-
skite, and apatite separates from an additional sample from
the Walgidee Hills intrusion (Table 3). Although the
phlogopites are insufficiently enriched in 87Rb relative to $6Sr
to allow age estimates independent of initial-ratio assump-
tions, reasonably reliable estimates were obtained from
regression lines through the phlogopite-whole-rock data from
Mount Percy and 81-Mile Vent. These gave ages of 20.8 and
21.6 Ma, respectively, which are in reasonable agreement with
the K-Ar ages obtained for these intrusions (Table 1).
Phlogopite from Walgidee Hills (sample 81210184) is much
less enriched in $Rb and the age obtained from the
phlogopite-whole-rock pair for this sample, 9.3 Ma, is much
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Table 1. Summary of K-Ar results for Fitzroy lamproites

Locality and Minerals K 04 % 404 Age

sample nos analysed (%) x 10%moles/g) 0Ar total (Ma)

Mt Percy

81210047 Phlog 8.64,8.66 3.325 0.740 220 + 03

Camarotoechia Bore

79211068 Phlog 8.67,8.67 3.419 0.693 226 + 0.2

79211064 Phlog 8.69,8.72 3.417 0.597 225 £ 02

80210059 Phlog 8.58,8.60 3317 0.628 221 £ 03

79211063 Phlog 8.69,8.69 3.335 0.633 220 + 02

79211067 Phlog 8.65,8.69 3.224 0.192 21.3 £ 03

Hooper West

81210083 Phlog 8.71,8.70 3.321 0.811 219 + 0.2

Winjana

80210109 Phlog 7.66,7.68 2.935 0.725 219 + 0.2

81-Mile Vent

79211054 Phlog 8.96,8.95 3.364 0.786 215 + 0.2

Water Reserve Sill

79211079 Phlog 8.47,8.49 3.165 0.580 214 + 0.2

79211080 Phlog 8.39.8.41 3132 0.569 214 + 0.2

Noonkanbah Hill

81210122 Phlog 8.59 3.005 0.663 20.1 £ 0.2

‘P’ Hili

81210147 Diop 0.136,0.137 0.049 0.173 205 + 1.0

81210145 Phlog 7.90 2.714 0.779 19.7 £ 0.2
Diop 0.115 0.037 0.145 184 + 0.9

Djada (Dadja) Hill

79211057 Phlog 8.53 2918 0.768 19.6 £ 0.2

Fishery Hill

81210151 Phlog 8.66 2954 0.737 19.6 + 0.2

Machell's Pyramid

81210157 Diop 0.123,0.122 0.039 0.127 185 £ 09
Phlog 8.45,8.44 2.676 0.721 182 + 0.2

Walgidee Hills

81210184 Phlog 7.86,7.86 2.390 0.760 175 £ 0.2

Mt Gytha

81210154 Diop 0.282,0.283 0.084. 0.262 170 = 0.9

Phlog = phlogopite, Diop = diopside. * denotes radiogenic Ar.
40K /K = 0.01167 atom ¥, A= 4.962 x 10-10yr!, A== 05811 x 1010yr-L.
B

Errors refer to standard deviation.

Table 2. Previous K-Ar ages* (Wellman, 1973) recalculated using the
revised decay constants

Locality and Minerals Age (Ma)
sample nos. analysed
Mount North
69-1331 Phlog 223
70-1321 Phlog 222
Mean 222 + 0.)
Old 1eopold Hill
69-1330 Phlog 209
Leuc. P 19.9
WR 20.4
70-1320 Phlog 20.7
Leuc. P 214
Mean 20.7 + 0.6
Walgidee Hills
69-1329 Prid 17.6
K-Richt 17.6
69-1332 K-Richt 179
Phlog 18.0

Mean 17.8 £ 0.2

* Only the concordant mineral ages suggested as ‘best estimates’ by
Wellman are presented.

Phlog = phlogopite, Leuc. P = leucite pseudomorphs, WR = whole
rock, Prid = priderite, K-Richt = potassium richterite.

younger than the K-Ar age obtained for this sample (Table 1)
and others from the Walgidee Hills intrusion (Table 2). In
view of the large uncertainties associated with this estimate
and the possibility of resetting of the isotopic systems by
either slow cooling of the intrusion or late deuteric alteration
(extensive in most Walgidee Hills rocks), no significance can

be attached to this apparent age. The mineral phases in sam-
ple 81210167 are extremely enriched in common Sr (up to 3%
SrO in perovskite) and, consequently, their small 87Rb/36Sr
values preclude any estimate of age. Rb-Sr data available for
three whole-rock samples from the Walgidee Hills intrusion
(sample 81210184, Table 3; WAK 25 and 30, McCulloch &
others, 1983) are plotted together with the data for the
mineral separates from samples 81210167 and 81210184 (Table
3) in Figure 3. The data are not colinear. An isochron (model
3) obtained on the three whole-rock samples and the

0.714 +
5 hlogopite
2 L WR
3 J
071121
A A Minerals, 81210167
| O 81210184 Whole rock and phlogopite
@ WAK 25, 30
07‘0 1 1 IS 3 0 i 5 4 1 1
0 2 4 6 8
87y 8sy 16/WA/22

Figure 3. Rb-Sr isotopic systems of whole rocks and minerals for
Walgidee Hills.

Whole-rock data for WAK 25 and 30 from McCulloch & others (1983).



Table 3. Rb-Sr data for the West Kimberley lamproites
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Locality and Mineral Rb Sr 8TRb/86ST 87S,/86Sy Rb/Sr age
Sample Nos. Analysed {ppm) (ppm) (Ma)
Mount Percy
80210047 Phiog 628.3 16.82 108.3 0.74828
208
WR 658.2 1840 1.034 0.71654
81 Mile Vent
79211054 Phlog 629 749 2428 0.72297
216
WR 652 2077 0.9077 0.71581
Walgidee Hills
81210167 Diop 1.823 2204 0.0024 0.7116 = 1(29)
K-Richt 37.07 2684 0.0399 0.7116 + 1(2¢)
Perov 3.7 24770 0.0004 0.7116 + (24a)
Apatite 7.397 30586 00007 0717 £ 2 )
81210184 Phlog 496 237 6.056 0.7135
93
WR 427 1153 1.0698 0.71287
Ellendale No. 9
WR(A) 660 1150 1.654 0.7118 } 13.0
Phlog(A) 752 442 4.903 0.7124
WR(B) 624 1222 1.474 07114 '
25.2
Phlog(B) 737 327 6.495 0.7132 ‘
WR(O) 610 1460 1.206 0.7115
233
Phlog(C) 826 376 6.343 0.7132
Phlog(D)
(xenolith) 820 237 9.966 0.7144

Phlog =
SSRb/STRb = 2.600, $8Sr/86Sr = 142 x |
Rb/Sr ages calculated from phlogopite - whole-rock pairs (see text).

0.715 -

0.714

Phlogopite; WR = Whole-rock; Diop =_ diopside; Perov = perovskite. '
8.3752, )\ “7Rb = 142 x 101 yr-l. Al 87S/36Sr values normalized 1o NBS 987 value of 0.71027.

0.713
L
>
2
0.712
® CRAE Whole rock, ELLENDALE 9
QO McCulloch et al, Whole rock, ELLENDALE 9
—_— 4 270 115 A CRAE Phlogopite, ELLENDALE 9
e
o O McCulloch et al, Whole rock, other
olivine lamproites
1 L 1 1 1 1 1 - ] 1
o.nnn 5 2 5 8 10

87Rb/%6Ss

16/WA/23

Figure 4. Rb-Sr isotopic systems of whole rocks and phlogopites in olivine lamproites from the Ellendale field.
Data from Table 3 and McCulloch & others (1983) tor Ellendaie pipes 4, 7, and 11.

phlogopite separate gave an age of 11.5 = 10.4 Ma with an
initial ratio of 0.71252 + 0.00046. This initial ratio differs
from that implied by the mineral separates in sample 81210167
(0.7116), suggesting isotopic heterogeneity within this
intrusion.

Olivine lamproites

Rb-Sr analytical results on whole rocks and phlogopites from
drill-core samples from Ellendale No. 9 olivine lamproite pipe

are reported in Table 3 and plotted, together with Rb-Sr
whole-rock data obtained by McCulloch & others (1983) on
other olivine lamproites from the Ellendale field, in Figure 4.
The Rb-Sr whole-rock points from the four separate olivine
lamproite pipes do not define a single isochron, but form a
cluster of points within an area defined as 0.7117 + 0.0011
(87Sr/%6Sr) and 1.2 £ 0.6 (37Rb/%6Sr). In addition to isotopic
variation shown by the four olivine lamproite pipes of the
Ellendale field, isotopic heterogeneity within a single pipe is
also evident. For example, the four Rb-Sr whole-rock data
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points from Ellendale No. 9 olivine lamproite pipe (three
reported in Table 3, and one from McCulloch & others, 1983)
are not colinear, and, therefore, cannot be used to determine
the age of the pipe. Consequently, Rb-Sr ages of the pipe have
been derived from phlogopite-whole-rock pairs (Table 3).
Ages calculated from the slopes of whole-rock-phlogopite tie
lines (Fig. 4) are: Group A, 13.0 Ma (initial 87Sr/86Sr =
0.7115); Group B, 25.2 Ma (initial 8’Sr/8Sr = 0.7109); and
Group C, 23.3 Ma (initial 8’St/86Sr = 0.7111). The near coin-
cidence of tie lines through phlogopite-whole-rock pairs of
samples B and C and the extension of these lines to include
the data point phlogopite D, as shown in Figure 4, suggests an
age for Ellendale pipe 9 of 24 + 1 Ma. This is in reasonable
agreement with, although slightly older than, the Rb-Sr ages
obtained for leucite lamproite intrusions from the Ellendale
field, and confirms the close spatial and temporal relation-
ship between the olivine lamproites and leucite lamproites in-
ferred from field relations.

The present results confirm the unusually high initial
87Sr/86Sr values of the olivine lamproites of the Ellendale
field reported by McCulloch & others (1983), and support the
observation that, in general, the leucite lamproites are much
more radiogenic and exhibit a much wider range in initial
87Sr/86Sr than the olivine lamproites. Only the lamproites
from Walgidee Hills (McCulloch & others, 1983; Table 3) fall
within the olivine lamproite field in Figure 4. McCulloch &
others (1983) interpret the isotopic systems of the West
Kimberley lamproites in terms of interaction of enriched and
depleted mantle components, and suggest that ancient
enrichment events (>1000 Ma) are required to explain the
observed Sr (and Nd) isotopic compositions.

The Rb-Sr data presented here support the K-Ar ages obtain-
ed by Wellman (1973) and in this study. The Tertiary ages con-
trast with the Jurassic ages obtained previously by Rb-Sr
dating (Compston, in Prider, 1960; Kaplan & others, 1967).
Possible reasons for the difference were discussed by Wellman
(1973). They include the small enrichments in radiogenic
strontium of the minerals analysed, the poor precision of
many of the earlier measurements, and the fact that many of
the earlier determinations either assumed initial 87Sr/86Sr
values or pooled results from separate intrusions or different
phases of the same intrusion. Powell & Bell (1970),
McCulloch & others (1983), and this work (see previous
discussion) have shown that large differences in 87Sr/86Sr
exist between the lamproites, precluding any assumptions
regarding common initial 87Sr/86Sr. There is also a large
range in initial 143Nd/¥4Nd ( € \; = — 15.2 to —7.4), which
is generally consistent with the range in initial Sr ratios, but
essentially independent of age correction.

Conclusions

The new K-Ar and Rb-Sr ages obtained for 14 separate intru-
sions confirm the early Miocene ages obtained previously for
the Fitzroy lamproites by Wellman (1973). The new data,
coupled with Wellman’s (1973) recalculated using revised
decay constants, show a range in age from slightly more than
20 Ma (21-22 Ma) for the northern lamproites in the Ellen-
dale field to slightly less than 20 Ma (18-20 Ma) in the Noonkan-
bah area (Fig. 2). These young isotopic ages are consistent
with the palynological evidence obtained from a pipe in the
Calwynyardah field (Atkinson & others, 1984) and the preser-
vation of crater facies rocks in the West Kimberley pipes.
Erosion of not more than a few hundred metres of the pipes
since their emplacement is also evidenced by the presence of
crater sediments in some of the diatremes.

The similarity in ages between the newly discovered,
diamond-bearing, olivine-rich (i.e. kimberlitic) lamproites

and the better known leucite lamproites is consistent with the
geological, petrological, and geochemical data, which in-
dicate that the kimberlitic intrusives are olivine-rich members
of the lamproite suite, constituting with the latter a con-
sanguineous ultrapotassic (lamproite) suite (Jaques & others,
1982, 1984). The young Tertiary ages obtained on the West
Kimberley rocks make these intrusives the youngest primary
diamond-bearing rocks yet found.

The apparent southward younging of the intrusions of the
West Kimberley region suggests a crude linear migration
(north to south) of magmatic activity with time, analogous to
volcanism associated with ‘hot spots’. However, at least
locally, the major factor controlling the distribution of intru-
sions appears to have been structural: west-northwesterly
trending faults at the margin of the Fitzroy Trough, northerly
trending fractures in the Kimberley Block, Lennard Shelf, and
Fitzroy Trough, and east-west en-echelon faults and folds
within the Fitzroy Trough (Atkinson & others, 1982, 1984;
Jaques & others, 1982). Unlike other ultrapotassic provinces
(e.g. East Africa), the lamproitic rocks of the West Kimberley
do not appear to be related in time of intrusion to a major
rifting episode. The Miocene magmatism clearly post-dates
both formation of the Fitzroy Trough, where the major
sedimentation took place in the Devonian to Carboniferous
(Forman & Wales, 1981), and rifting associated with the break
up of Gondwanaland in the late Jurassic. It also predates the
collision between the Australian continent and Timor, which
took place in the laté Cainozoic (<15 Ma; Berry & Grady,
1981).
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Appendix
Location of specimens

Mt Percy
Sample 81210047. Phlogopite-leucite lamproite with coarse (up to
1 cm) phlogopite phenocrysts. SE side of hill. Ellendale 044513*

Camarotoechia Bore

Sample 79211068. Tuffaceous quartz-rich sandstone with detrital
phlogopite. NE side of pipe.

Sample 79211064. Lapilli tuff of olivine-phlogopite-leucite lamproite
with phlogopite phenocrysts up to 3 mm. SE side of pipe.

Sample 80210059. Lapilli tuff of olivine-phlogopite-leucite lamproite.
Costean on NE side of pipe.

Sample 79211063. Olivine-phlogopite-leucite lamproite with
phlogopite (and olivine) phenocrysts up to 3 mm. Costean on SE side.
Sample 79211067. Tuffaceous quartz sandstone with detrital
phlogopite. Costean on outer margin of NE side of pipe. Leopold
Downs 201251.

* 1:100 000 map sheet name and grid reference of locality.
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Winjana
Sample 80210109. Carbonated tuff-breccia of phlogopite lamproite.
Costean in Ellendale No. 17 pipe. Lennard 101701.

Hooper West

Sample 81210083. Olivine-phlogopite-leucite lamproite with
phenocrysts of phlogopite up to 0.75 cm. Cenire of outcrop. Hooper
865138.

81-Mile Vent

Sample 79211054. Phlogopite-leucite lamproite with coarse
phenocrysts of phlogopite up to 1 cm. Fitzroyite zone on E side (cf
Derrick & Gellatly, 1973, Fig. 2). Ellendale 994504.

Water Reserve Sill

Samples 79211079, 79211080. Phlogopite-olivine-leucite lamproite
with phlogopite and olivine phenocrysts. Costean No. 3 in sill. Ellen-
dale 930496.

Noonkanbah Hill

Sample 81210122, Lapilli wff of phlogopite-leucite lamproite with
phlogopite phenocrysts. Fitzroyite breccia zone on SE side (cf. Prider,
1960, Fig. 10). Hardman 893614.

‘P’ Hill

Sample 812i0147. Olivine-diopside-leucite lamproite with
phenocrysts of olivine, diopside and leucite. Fitzroyite zone on E side
of hill. Hardman 022548.

Sample 81210145. Phlogopite-potassic richterite-diopside-leucite lam-
proite with phenocrysts of diopside, leucite, olivine and phlogopite.
Wolgidite zone on SW side of hill (cf. Prider, 1960, Fig. 8). Hardman
021548.

Djada (Dadja) Hill

Sample 79211057. Phlogopite-diopside-leucite lamproite with
phenocrysts of phlogopite, diopside and leucite. Wyomingite zone (cf.
Prider, 1960, Fig. 9). Kalyeeda 961499.

Fishery Hill

Sample 81210151, Lapilli tuff of phlogopite-leucite lamproite with
phlogopite and leucite phenocrysts. Fitzroyite breccia zone on W side
of hill (cf Prider, 1960, Fig. 6). Hardman 833632.

Machell’s Pyramid

Sample 81210157. Phlogopite-diopside-leucite lamproite with
phenocrysts of phlogopite, diopside and leucite. Fitzroyite zone on SE
flank of Machell’s Pyramid (cf. Prider, 1960, Fig. 5). Hardman
779678.

Walgidee Hills

Sample 81210184. Phlogopite-diopside-olivine-potassic richterite-
leucite lamproite with phenocrysts of phlogopite. NE margin of intru-
sion. Hardman 982752.

Sample 81210167. Olivine-diopside-potassic richterite lamproite. Cen-
tral outcrop of intrusion. Hardman 974745.

Mt Gytha

Sample 81210154. Diopside-leucite lamproite with phenocrysis of
diopside and leucite. Outcrop in central saddle of intrusion. Hardman
773677.

Ellendate 9
Sample B. Phlogopite-olivine lamproite with phenocrysts of

phlogopite and olivine. From centre of western lobe of crater,
borehole 9AC 86 at 53 - 60 m depth. Ellendale 9667257077.
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Late Proterozoic peralkaline intrusives of the Alligator Rivers region, Northern

Territory
PG. Stuart-Smith & R.S. Needham

The Mudginberri and Maningkorrirr Phonolites in the Alligator
Rivers region consist of swarms of discordant peralkaline dykes that
intrude Archaean to late Early Proterozoic rocks. Samples have given
a Rb-Sr isotopic age of 1316 Ma. The dykes are phonolitic in
composition and typically porphyritic, containing alkali feldspar,
nepheline, sodic pyroxene, and minor biotite and apatite. In some,

small globules of mostly alkali feldspar may be products of liquid
immiscibility. The dykes intrude part of the stable North Australian
Craton and may represent late differentiates of concealed alkaline
magma, as there are no other alkaline intrusive rocks known in the
region. Alternatively, they may have formed by incipient melting in
the upper mantle and deep crust.

Introduction

The peralkaline Mudginberri and Maningkorrirr Phonolites
were first defined by Needham & Smart (1972) and Needham
& others (1975), and have been briefly described by Smart &
others (1976) and Needham & others (1979). They are among
the oldest peralkaline rocks in Australia. Most other occur-
rences are Mesozoic or Cainozoic in age and are in
southeastern Australia, although Early Proterozoic
peralkaline rocks occur in the Yilgarn Block, Western
Australia (Libby & others, 1978). The nearest known rocks of
similar composition are the potassic ultramafic to feldspar-
rich plutonic rocks of the Mordor Complex in central
Australia, which have given a Rb-Sr age of 1210+90 Ma
(Langworthy & Black, 1978).

The phonolites consist of swarms of dykes that intrude Ar-
chaean (2500 Ma) to late Early Proterozoic rocks (about 1800
Ma) of the Pine Creek Geosyncline in the Alligator Rivers
region of the Northern Territory (Needham & others, 1980;
Fig. 1). The Mudginberri Phonolite has given an age of
1316+40 Ma*, and is the youngest dated Precambrian unit in
the region. Although Middle Proterozoic (1645 Ma, age deter-
mined from interbedded basalt) sandstone of the Kombolgie
Formation crops out extensively in the area, contact relation-
ships are not clear. Dyke-like bodies of massive chlorite rock
within this sandstone above the Jabiluka orebody may be
highly altered Mudginberri Phonolite (Gustafson & Curtis,
1983).

Field relations

The Mudginberri Phonolite intrudes granitoid rocks of the
Archaean Nanambu Complex (Needham, 1982). It comprises
typically dark greenish grey, fine-grained, generally por-
phyritic rocks, forming dykes less than 10 m wide and rarely
exceeding 400 m in outcrop length. The dykes are straight,
parallel-sided, and apparently steeply dipping, but bifurcate
in places. Most are oriented northwest; a few trend northeast.
Their most concentrated development is 6-17 km southwest
of Mudginberri Homestead, where at least five northwest-
trending dykes intrude a garnetiferous leucogneiss. In this
area, owing to poor exposure of the country rock, contacts
are not exposed, but have been intersected by two drill holes
(Needham, 1976). Elsewhere, exposed contacts are limited to
Granite Hill, an outcrop 4 km south of Jabiluka, near the
eastern margin of the Nanambu Complex, where several
dykes up to 1 m wide intrude foliated granitoid rocks. At this
locality they are clearly discordant and have narrow unaltered
chilled margins. Neither contact aureoles, flow structures, nor
xenoliths are apparent.

*All age determinations for the Alligator Rivers Region mentioned in
this paper are from Page & others (1980).
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Figure 1. Locality map. Hatched area indicates location of dyke
swarms

The Maningkorrirr Phonolite is exposed in an area of about
6 km?, 3 km east of the headwaters of Jungle Creek and 34
km northeast of Nabarlek, where numerous straight, parallel-
sided, steeply dipping dykes intrude granitoid migmatite of
the Nimbuwah Complex. They are mostly 30-50 cm wide,
although some are as wide as 1 m, and up to 1 km long, and
are oriented northeast or northwest. The dykes are typically
dark grey-green, fine to medium-grained, and commonly por-
phyritic. Many fine-grained and less porphyritic varieties are
deeply weathered to pink ferruginised rocks in places. In the
centre of the widest and longest dyke a wedge-shaped ‘raft’
composed of up to 50 per cent sanidine phenocrysts, possibly
indicates a near-horizontal direction of flow. A similar direc-
tion is indicated elsewhere in the same dyke by arc-like ac-
cumulations of phenocrysts across the dyke (Fig. 2).

In places the dykes contain partly assimilated xenoliths of
granitoid migmatite, which indicate hybridisation of incor-
porated material at depth during or before intrusion
(Needham & others, 1975). The margins of the dykes are
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Figure 2. Accumulations of sanidine phenocrysts indicating flow
direction (shown by arrow), Maningkorrirr Phonolite

sharp, and show no evidence of assimilation or contact effects
on a macroscopic scale.

Petrography

The dykes show a wide range in composition. Mafic varieties
predominate in the Mudginberri Phonolite, whereas more
felsic varieties are dominant in the Maningkorrirr Phonolite.

The more felsic dykes range from fine, even-grained, dark
green rocks to coarse porphyritic varieties. Phenocrysts con-
stitute up to 50 per cent of the rock and are mainly euhedral
alkali feldspar (albite or anorthoclase) with minor sodic
pyroxene, nepheline, kaersutite and apatite. The groundmass
is subtrachytic, and consists of sanidine laths, dark green
titanium-rich aegirine-augite microlites and minor nepheline.
Secondary carbonate and chlorite are present in places.

The more mafic dykes are typically dark green to grey, fine to
medium-grained, and porphyritic. Phenocrysts of nepheline,
sodic pyroxene, biotite,and apatite are abundant, but feldspar
does not form phenocrysts.

n 16/D53/2

Figure 3. Feldspar compositions determined by electron microprobe
1. Phenocryst, Maningkorrirr Phonolite, BMR Sample No. 75080343

2. Phenocryst, Maningkorrirr Phonolite, BMR Sample No. 75080315

3. Groundmass, Maningkorrirr Phonolite, BMR Sample No. 75080343

4. Groundmass, Maningkorrirr Phonolite, BMR Sample No. 75980315

5,6. Groundmass, Maningkorrirr Phonolite, BMR Sample No. 72121302
7,8,9. Globule, Mudginberri Phonolite, BMR Sample No. 75080284

The groundmass is similar in composition to the felsic
varieties, but the feldspar is orthoclase and subordinate to
nepheline (Fig. 3). It is finer-grained than the felsic varieties,
and probably crystallised after rather than during emplace-
ment, as it lacks the flow textures characteristic of the more
felsic dykes. Pyroxene phenocrysts are typically euhedral zon-
ed crystals with pale coloured cores of augite or sodian augite
(Fe;0; =0, Na,0 = 0.64%) and outer rims of dark green
aegirine augite (Fe,0;=9.37%, Na,0=4.60%) (Table 1).
Their composition is relatively constant and appears to be in-
dependent of the host rock composition. The outermost rims
probably have a similar composition to the dark green
titaniferous aegirine-augite microlites, which grew outward
from the margins of phenocrysts, radially into the ground-
mass. The proportion and composition of pyroxene in the
groundmass remains fairly constant in all varieties (Table 1).

Table 1. Pyroxene compositions determined by electron microprobe

1 2 3 4 5 6
SiO, 51.23 50.28 51.29 5161 51.60 52.87
TiO, 5.42 3.36 0.76 0.88 0.74 0.92
Al,O4 1.23 1.92 2.38 243 1.78 0.78
*Fe;04 16.88 9.37 9.62 9.12 5.13 0.00
FeO 6.89 6.50 6.91 7.82 7.85 6.15
MnO 0.33 0.27 0.34 0.23 0.35 0.12
MgO 238 8.08 7.69 7.28 10.15 14.70
CaO 531 16.11 16.80 16.15 20.20 23.81
K,O 0.00 0.00 0.00 0.00 0.00 0.00
N;120 10.33 4.60 4.21 4.48 2.20 0.64
Total 100.00 100.49 100.00 100.00 100.00 100.00

*Fe,Ojcalculated by stoichiometry on the basis of 4 cations per 6 oxygen
cations

. Titanian aegirine-augite microlite, BMR Sample No. 72121302

. Aegirine-augite phenocryst rim, BMR Sample No. 72121302

. Aegirine-augite phenocryst, BMR Sample No. 75080284

. Aegirine-augite phenocryst, BMR Sample No. 75080284

. Sodian augite phenocryst core, BMR Sample No. 75080284

. Augite phenocryst, BMR Sample No. 72121302
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Nepheline commonly forms tabular zoned phenocrysts or
glomeroporphyritic aggregates, which in places are altered to
natrolite, and may be up to 50 per cent of the rock. Subhedral
groundmass nepheline is extensively altered to natrolite and
rarely preserved.

Apatite is a common accessory mineral in all varieties, par-
ticularly in the mafic varieties, where it forms slightly
rounded euhedral phenocrysts, which mostly contain small
rounded inclusions of carbonate.

An unusual feature is the presence of small rounded or dumb-
bell-shaped globules up to 2 mm across, in a dyke of the
Mudginberri Phonolite, at Granite Hill (Needham & others,
1979). The globules constitute about 10 per cent of the rock
and consist of subhedral orthoclase, and minor natrolite, car-
bonate and aegirine-augite. The natrolite is probably altered
nepheline, as natrolite forms pseudomorphs after nepheline
phenocrysts in the same rock. The phases in the globules are
identical in composition to those in the groundmass; however,
orthoclase constitutes about 70 per cent of the globules com-
pared to less than 35 per cent of the groundmass.

Similar globules occur in a dyke of the Maningkorrirr
Phonolite. They are rounded to irregular and consist of car-
bonate, subhedral sanidine, and aegirine-augite microlites.
Euhedral aegirine-augite crystals protrude into the globules in
places. Secondary amphibole alteration of the pyroxene in the
globules and the adjacent groundmass is common. The term
‘ocelli’ was used by Needham & others (1979) to describe the
globules and has been used by Philpotts & Hodgson (1968),
Ferguson & Currie (1971), and Philpotts (1971, 1976) to
describe similar textures in alkaline rocks.



Table 2. Chemical analyses of some rocks from the Mudginberri and
Maningkorrirr Phonolites

PERALKALINE INTRUSIVES, NT 11
Chemistry

All samples of the Mudginberri and Maningkorrirr

1 2 3 4 5 . . .
Phonolites show some degree of weathering, as evidenced by
Si0, 50.77 49.80 49.18 58.37 5415  high Fe,O;/FeO values and high H,O content (Table 2). All
Tio, 1.67 1.28 136 0.44 086  but one sample of Mudginberri Phonolite are peralkaline
;};283 lg'z’; ';‘(s’?* '(3)'12 '2'('; li‘?; (Fig. 4) and show a wide range in composition in the fields of
FeO* 3.57 0.46 124 Dphonolitic tephrite, .teph'rmc phonoh.te,. nephehqe
MnO 0.20 0.21 0.24 0.17 018 trachybasalt and phonolite (Fig. 5). Most variation occurs in
MgO 219 1.22 2.33 0.25 027  the Mudginberri Phonolite samples, which are more mafic
f,goo :'3: ;'?S ;'ég gf? lg'gg than the Maningkorrirr Phonolite, containing higher MgO
5 ; i : 22 ; . . :
K,0 453 323 3.60 3.88 385 and CaO, and lower SiO,. Normative nepheline ranges bet-
P,0; 0.55 0.19 1.52 0.11 0.1 ween 6 per cent and 27 per cent; normative plagioclase is only
:zg*I’ 4.56 5.00 411 1.23 218 present in the Mudginberri Phonolite.
50-
cO, 0.00 0.20 0.80
99.09 99.18 99.24 99.31 100.60 ?‘:o
CIPW Norms
Ns - 0.86 - 0.43 2.73
Or 26.77 19.09 21.27 22.93 2275 X
Ab 30.10 2233 25.07 48.55 35.40 phonalite trachyte
An 7.6 s 0.58 - = de
Ne 6.20 27.37 13.14 12.62 22.01 5,
Ac - 4.34 - 379 437
Di 8.54 13.55 21.81 1.75 - \ 5
Ol 7.09 2.96 345 5.82 7.10 2
Mt 2.80 - 3.02 - - e tephritic phonolite trachyandesite
1 317 2.43 2.58 0.84 1.63 65
Ap 1.30 0.45 3.60 0.26 0.26 ®1
Ce 3 = 2 0.45 1.82 3
£
93.58 93.38 94.52 97.44 98.07 phonolitic tephrite trachybasalt
*Total iron as Fe,03.
CIPW Norm calculations: Fe calculated on the basis that Fe’* = 20% to1al Fe
(Hughes & Hussey, 1976)
1. Mudginberri Phonolite, BMR Sample No. 74121329, Needham, 1976
2. Mudginberri Phonolite, BMR Sample No. 74121335, Needham, 1976
3. Mudginberri Phonolite, BMR Sample No. 75080284, Ferguson & Winer, 35
1980 ] alkali
4. Maningkorrirr Phonolite, BMR Sample No. 75080313, Ferguson & Winer, basalt
1980
5. Maningkorrirr Phonolite, BMR Sample No. 75080315, Ferguson & Winer,
1980
15
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Figure 4. Molecular proportion of Na,0, K,0, and Al,O; of analys-
ed samples (Table 2)
1-3, Mudginberri Phonolite; 4,5, Maningkorrirr Phonolite

Figure 5. Classification of volcanic rocks based on Differentiation In-
dex (DI) and degree of silica saturation (Normative ne) after Johnson
& others (1978)

1-3, Mudginberri Phonolite; 4,5, Maningkorrirr Phonolite.

Discussion

Alkaline magmas have a strong tendency to immiscibility
(Freestone, 1978), a process thought to be responsible for the
development of globular textures (Philpotts & Hodgson,
1968; Ferguson & Currie, 1971; Philpotts, 1971, 1976).
Immiscibility has also been invoked to account for globular
structures and compositional variation in basic igneous
bodies in southeastern Australia (Mackenzie & White, 1970;
Barron, 1981).

The globules in the Mudginberri and Maningkorrirr
Phonolites were possibly formed by a sudden drop in
pressure, related to tapping of the magma chamber, which
would have triggered volatile release, initiated an immiscible
magma relationship (Barron, 1981), and terminated
crystallisation of phenocrysts of sodic pyroxene, nepheline,
biotite, apatite and alkali feldspar. This suggests that the
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magma consisted of a mush containing these phenocrysts and
small immiscible droplets of volatile-enriched liquid.

The surface tension of the globules appears generally to have
prevented phenocrysts from penetrating them, except for rare
aegirine-augite crystals, which show dark green titanium-rich
rims where they protrude into the droplets. After emplace-
ment of the dykes both liquid phases crystallised rapidly.

The peralkaline rocks probably evolved as low temperature
melts, possibly as the end products of fractional crystallisa-
tion from a more mafic alkaline magma. However, there is no
other alkaline magmatism of about the same age known in
the Alligator Rivers region. Alternatively, their genesis may be
related to incipient melting in the upper mantle and deep
crust. The lack of xenoliths, however, and small amount of
volatiles suggest that ascent of the peralkaline magma was not
rapid, and that fractionation took place. Some degree of
crustal contamination is indicated by a high initial 87Sr/86Sr
ratio of 0.7063 = 0.0004 (Page & others, 1980). The dykes in-
truded the stable North Australian Craton probably along
deep fracture zones. There was possibly some reactivation of
faults, mostly initiated between 1800 and 1600 Ma ago
(Needham & Stuart-Smith, 1980) at the time of dyke intru-
sion. Emplacement was also aided by the low density, and
volatile content of the magma.
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The Mud Tank Carbonatite, Strangways Range, central Australia

PW. Crohn'& D.H. Moore?

The Mud Tank Carbonatite at the eastern end of the Strangways
Range, about 100 km northeast of Alice Springs, was the first to be
recognised in Australia. Crystalline carbonate rocks containing
apatite, magnetite and zircon occur in a northeast-trending zone
about 2 km long and up to 700 m wide, and in a second, much
smaller, lens about 2 km to the southwest. The rocks show banding,
owing to differences in texture aud composition, and can be broadly
divided into crystalline carbonate rocks with subordinate apatite,
magnetite, phlogopite, chlorite, and soda-amphibole; foliated
micaceous carbonate rocks rich in pale brown phlogopite; and
feldspathic carbonate rocks with various amounts of

sodic plagioclase, clinopyroxene, green-brown amphibole, and brown
biotite. This last group is considered to be largely of hybrid origin.
Calcite and dolomite occur in various proportions in all the rock
types. Country rocks are schists and gneisses of the Early Proterozoic
Arunta Block. Trace element concentrations, particularly of niobium
and rare earths, are within established ranges for carbonatites, but
well below economic values. On the other hand, zircon crystals of
gem quality are present in the soil and colluvium overlying the car-
bonatite, and vermiculitic mica has developed in the weathered zone
within about 40 m of the surface.

Introduction

The Mud Tank Carbonatite is located at latitude 23°00'S
longitude 134°16’E, about 100 km north-northeast of Alice
Springs, (Fig. 1). Attention was first drawn to this locality
through the presence of detrital magnetite, apatite, and zir-
con, which are widely scattered over the area underlain by the
carbonatite. The occurrence was first described by H.B. Owen
(1944), who examined it as a possible source of phosphate in
1944 and considered the carbonate rocks to be metamorphos-
ed limestones. In 1966, the area was investigated by BT.
Williams of Geopeko Ltd, who mapped four areas of out-
cropping carbonate rocks and carried out a programme of
four diamond-drill holes, totalling 350 m. In his account of
the area, Williams (1967) briefly considered that some of the
rocks could be carbonatites, but rejected the idea, mainly
because of the prominent banding, which he regarded as relict
bedding. PW. Crohn first became interested in the area in
1967 after seeing a number of Canadian carbonatite
complexes.

Following a preliminary account by Crohn & Gellatly (1969),
a petrological study was undertaken by Gellatly (1969), and
four more diamond-drill holes, totalling about 550 m, were
drilled by the Mines and Water Resources Branch, Northern
Territory Administration, in the same year (Crohn, 1971).
Other recent investigations have included a regional gravity
survey (Flavelle, 1965), and a low-level aecromagnetic survey
(Tipper, 1966), both undertaken by the Bureau of Mineral
Resources, age determinations by Black & Gulson (1978), and
isotopic studies of the carbonate rocks by Moore & Grey
(1973) and Wilson (1979). More recently, the area has again
been under investigation by the Northern Territory Depart-
ment of Mines and Energy to assess its economic potential as
a source of vermiculite (D.H. Moore, in prep.).

Field occurrence

The main occurrence consists of an irregylar northeast-
trending lens of crystalline carbonate rocks, some 2 km long
and from 200 to 700 m wide, which crops out intermittently in
three low, gently sloping hills. A second, considerably smaller
lens lies about 2 km to the west-southwest, (Fig. 2).

The carbonate rocks are highly altered and in part ferruginis-
ed at the surface. In places they show banding, owing to dif-
ferences in texture and the content of non-carbonate minerals,
mainly mica, magnetite, and apatite. The trend of the ban-

'1 Durham Road, Surrey Hills, Vic. 3127.
Formerly Department of Mines and Energy, Darwin, NT.

* The Broken Hill Pty Co. Ltd, PO. Box 559, Camberwell, Vic. 3124.
Formerly Department of Mines and Energy, Alice Springs, NT.

ding is generally northeasterly, parallel to the long axis of the
occurrence and to the trend of the surrounding schists and
gneisses. Individual bands range from a few centimetres to
more than a metre in width.

Apatite generally occurs as massive aggregates, some of
which are up to 60 cm across, and individual grains of more
than 2 ¢m are not uncommon. Magnetite forms twinned oc-
tahedra up to 10 cm across and occasional larger aggregates.
Mica generally occurs as plates up to about 2 cm across, and
zircon as relatively squat prismatic crystals up to 5 cm long
and 2 cm across.

Small lenses and irregular masses of amphibolite (soda-
amphibole, biotite, minor plagioclase, diopside, calcite and
dolomite) and sodic pegmatite (sodic plagioclase, biotite,
soda-amphibole and/or aegirine-augite, minor calcite and/or
dolomite), generally less than 3 m across, also occur within
the carbonatite, but their contacts are not exposed.

The host rocks are schists and gneisses, calc-silicate rocks and
basic igneous rocks of the Early Proterozoic Arunta Block. In
places, these can be traced to within about 20 m of the car-
bonatite, but the actual contacts are not exposed, although
they have been located approximately by auger drilling and
intersected in two places by diamond drilling (Mines and
Water Resources Branch diamond-drill holes A and B). In
these drill holes, relationships at the major contacts are
obscured by extensive shearing and associated weathering,
but in DDH A there is a suggestion of minor occurrences (?
veins) of carbonate rocks within the host rocks up to 25 m
from the main contact. Very minor alteration of the gneiss has
been recorded by Moore (1973), who noted the replacement
of (?) aegirine by soda-amphibole for distances of up to 50 cm
from the carbonate contact.

Magnetite-rich zones within the complex give rise to a
number of distinctive magnetic anomalies of up to 1800 gam-
mas, which indicate a steep north-westerly dip for the bodies
responsible for them, in good agreement with observed dips
on the layering of the outcropping carbonate rocks (Tipper,
1969).

Structural setting

The carbonatite lies on the axis of a major regional gravity
high, which extends in a general east-west direction for at least
600 km, and includes the Papunya Gravity Ridge to the west
and the Illogwa Gravity High to the east (Flavelle, 1965).

A major structural feature, the northwest-trending Woolonga
Lineament, passes about 8 km southwest of the carbonatite.
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Figure 1. Regional geological setting, Mud Tank Carbonatite (based on BMR 1:2 500 000 geological map of the Northern Territory, 1976).

This also has been traced for several hundred kilometres, in
part by its effect on the gravitational pattern, and may repre-
sent a deep-seated structural feature (Fig. 1) (Anfiloff &
Shaw, 1973).

In the immediate vicinity of the carbonatite, the host rocks,
mainly quartz-muscovite schists with minor garnet granulites
and amphibolites, show some evidence of shearing and
recrystallisation, suggestive of another shear zone with a nor-
theasterly trend, parallel to the long axis of the carbonatite
and complementary to the Woolonga Lineament. This may
be a pre-carbonatite structure, which has partly controlled the
emplacement of the carbonatite, with subsequent movement
giving rise to shearing and faulting within the carbonatite and
along its contacts with the host rocks. The largest fault cut-
ting the carbonatite has an apparent displacement of about
300 m, east block north.

The Woolonga Lineament also passes close to another
alkaline intrusion. The Mordor Complex (Langworthy &
Black, 1978) is an alkaline ultramafic intrusion some 50 km

southeast of the Mud Tank Carbonatite. This complex is cut
by veins and small irregular masses of carbonates, suggesting
possible carbonatitic affinities, but it has been dated at 1210
+ 90 Ma (Langworthy & Black, 1978) compared to 730 Ma
for the Mud Tank Carbonatite (Black & Gulson, 1978).

Petrology

The rocks of the Mud Tank Carbonatite complex can be
divided into a number of groups. Those most closely resembl-
ing typical carbonatites as recorded from other occurrences
are crystalline carbonate rocks with subordinate apatite,
magnetite, phlogopite, chlorite, and soda-amphibole, which
are relatively abundant throughout the complex. Either
calcite ur dolomite may predominate, with the latter tending
to form the larger grains (Gellatly, 1969). Ilmenite is com-
monly associated with the magnetite, and biotite takes the
place of phlogopite in some specimens. Zircon is a minor con-
stituent, and pyrite is occasionally present. According to
Gellatly, the proportion of major constituents in the thin sec-
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tions examined by him included calcite 5-90%, dolomite
5-65%, biotite 0-50%, apatite 1-65%, magnetite and ilmenite
trace -2%, and the rock types included dolomitic sovite,
dolomitic magnetite sovite, biotite sovite, calcitic beforsite
and calcite-apatite beforsite. Gellatly and Black & Gulson
(1978) recorded reverse pleochroism in the phlogopite, but this
was not seen by Moore & Grey (1973) or by us.

The most abundant group of rocks, however, consists of
foliated micaceous carbonate rocks, in which pale brown
phlogopite, in places somewhat chloritised, is a major consti-
tuent, and is responsible for the strongly foliated appearance
of these rocks. Subordinate soda-amphibole and minor
apatite and magnetite are again typically present. These rocks
are under-represented in outcrop, because they are not par-
ticularly resistant to erosion, but they make up just on two-
thirds of all core recovered from diamond-drill holes in the
carbonatite, and, by extrapolation from recent auger drilling
results, they are believed to underlie most of the non-
outcropping portions of the complex.

A third group of rocks contains feldspar (typically sodic
plagioclase) as well as carbonates, and possibly represents.a
series intermediate between carbonatites and ‘normal’ ig-
neous rocks. The feldspar in one specimen from Geopeko
DDH Enterprise 2 was identified by Gellatly (1969) as
andesine (Ab,,); other specimens show sericitised cores in-
dicative of zoning (Crohn, 1971). The rocks also contain
various amounts of green-brown amphibole, brown biotite,
and subordinate clinopyroxene. Apatite, iron oxides and
pyrite may again be present in minor amounts. Although
widely distributed, this is a relatively minor phase and in-
dividual occurrences appear to be generally small. They bear
some resemblance to fenites as recorded from other car-
bonatite complexes, but differ in occurring within the car-
bonatite complex rather than in the contact zone of the coun-
try rock (Fig. 2), and also in their contents of calcite and/or
dolomite, which are not found in typical fenites (Le Bas,
1981).

There are also minor occurrences of rocks composed almost
entirely of amphibole and biotite in various proportions, and
often in close association with the feldspathic carbonate
rocks, and one Geopeko drill hole intersected a 30-cm band
composed almost entirely of large serpentinised olivine
crystals.

Pegmatites are another minor but fairly widely distributed
phase, and typically consist of sodic plagioclase, subordinate
carbonates, biotite, minor soda-amphibole and/or aegirine-
augite, and accessory apatite.

Where some of these different rock types are seen in jux- .

taposition in diamond-drill cores, contacts are generally
gradational over distances of a few centimetres or tens of cen-
timetres. An exception is provided by the feldspathic car-
bonate rocks, which in places show sharp contacts against the
crystalline carbonate rocks, but their age relationships have
not been established. The pegmatites also generally show
sharp contacts against all other rock types and probably
represent a late phase. Gellatly (1969) suggested that these
may represent rheomorphic fenites. However, in that case, it is
difficult to see why they should apparently occur only within
the carbonatite complex rather than in the country rock, and
they would be expected to form one of the earliest, rather
than one of the last, phases of the complex. The olivine-rich
band, on the other hand, is associated with a zone of strongly
sheared carbonate rocks and may represent a narrow in-
faulted wedge or an inclusion carried up during the emplace-
ment of the complex from an originally remote, possibly
much deeper location.

From their wide distribution, crystalline texture, and relative-
ly simple mineralogy, it is considered that both the crystalline
carbonate rocks and the foliated micaceous carbonate rocks
are the products of crystallisation from a carbonatite magma.
The foliated micaceous carbonate rocks show considerable
variation, particularly in mica content, and their crystallisa-
tion may have occurred concurrently with some movement
and segregation of constituents during the last stages of
consolidation.

The feldspathic carbonate rocks and the amphibole-rich
rocks, on the other hand, appear to represent the products of
crystallisation from a magma that was undergoing con-
siderable modification, either by differentiation or by
assimilation of pre-existing rocks, either country rocks or
earlier phases of the carbonatite. In particular, a
characteristic even-grained granular or slightly por-
phyroblastic texture of some of the feldspathic carbonate
rocks is suggestive of a hybrid origin. They may represent
xenoliths of gneisses or granulites in an advanced stage of
assimilation, and some of the amphibole-rich rocks may
similarly represent remnants of amphibolite xenoliths. Their
origin, as previously indicated, has some of the characteristics
of fenitisation, although their spatial distribution and
mineralogy differ from those of typical fenites. The results of
age determination studies also support the view that these
rocks are not part of the main sequence of crystalline car-
bonate rocks and foliated micaceous carbonate rocks.

Geochemistry

Trace element determinations have been carried out on 13
samples of diamond-drill core from the deepest Geopeko drill
hole (Crohn & Gellatly, 1968; Gellatly, 1969), and on 88
scrape samples at 6-m intervals from all Mines and Water
Resources Branch cores (Crohn, 1971) (Table 1).

The highest value for niobium was obtained from a specimen
containing suspected pseudomorphs after pyrochlore. Cop-
per, zing, cobalt, nickel, vanadium, chromium, and titanium
are higher than average in magnetite-bearing and pyrite-
bearing specimens, while at least some of the high values for
rare earths (La, Pr, Nd and Y) tend to be associated with
apatite-rich samples. Most elements did not show any regular
distribution patterns, but barium and strontium tended to
show generally higher values in the lower portion of DDH E,
i.e. towards the base of the complex.

In general, the trace element concentrations fall within the
range exhibited by carbonatites. Gellatly (1969) made a
number of specific comparisons, in which he found, among
others: Niobium comparable to values recorded from Spit-
zkop (South Africa), Darkainle (Somali Republic), and Sangu
(Tanzania); barium and strontium comparable to Tundulu
(Malawi), Dorowa (Zimbabwe), and Shawa (Zimbabwe); lan-
thanum and yttrium comparable to Mbeya (Tanzania) and
Darkainle; and neodymium and praseodymium comparable
to Sangu.

Table 1. Trace element values, Mud Tank Carbonatite

Nb < 20-450 ppm Cu 10-300ppm
Ba 175-3000 Zn < 100-100
Sr 40-1500 Pb 2-6
La +< 100-1000 Co 8-125
(one sample>> 1000) Ni 10-530
Pr < 100-100 v 10-900
Nd <300-300 (one sample=> 1000)
Y 16-200 Cr 10-60
Rb < 3-500

Ba, La, Cu, Co, Ni — direct reading optical spectrography.
Other elements — optical emission spectrography.



Isotopic and age determination studies

A study of strontium isotopes by Moore & Grey (1973)
generally supported a carbonatite origin for the Mud Tank
Carbonatite, as did studies of oxygen and carbon isotopes by
Wilson (1979).

Age determinations by Black & Gulson (1978) indicated ages
of 732 + 5 Ma from U-Pb in zircon, and 735 + 75 Ma from
whole rock Rb-Sr analyses of the carbonate rocks. These do
not coincide with any other known igneous or metamorphic
event in this general area, and are substantially younger than
the surrounding Early Proterozoic rocks.

Resuits from two feldspathic carbonate rocks and one
amphibole-rich rock did not fall on the isochron for the re-
maining samples, supporting the suggestion that they are con-
taminated or temporally distinct phases. Determinations bas-
ed on Rb-Sr in three biotite samples gave ages of 319, 349, and
329 Ma, indicating that these have been affected by younger
earth movements or metamorphism, possibly related to the
Alice Springs Orogeny.

Economic potential

Interest was originally directed to this occurrence as a possible
source of phosphate (Owen, 1944; Williams, 1967), but, on
the available evidence, the apatite content of the unaltered
rocks is too low for development, and the near-surface enrich-
ed material, probably resulting from selective leaching of the
carbonate fraction of the rocks, is insufficient to support a
mining operation. Rare-earth, niobium, and base-metal con-
centrations also appear to be below economic levels.

With regard to zircon, most of the larger crystals are flawed
and discoloured, but smaller specimens of gem-quality
material are not uncommon, and the area now regularly at-
tracts fossickers searching for this type of material in the soil
and colluvium overlying the carbonatite.

The mica of the carbonatite within the weathered zone
(generally within about 40 m of the surface) and in the overly-
ing soil and colluvium, shows bloating properties, i.e. it ex-
pands on heating to several times its original volume, and may
therefore have commercial value for thermal insulation or as
a soil conditioner or light-weight aggregate. The bloating
material was originally called vermiculite (Crohn, 1971), but
has recently been identified by X-ray crystallography as a
member of the hydrobiotite/hydrophlogopite series (Moore,
in prep.). Current investigations by the Northern Territory
Department of Mines and Energy are largely designed to test
the possibility of economically developing this material.

Comparison with other carbonatites

Most recorded carbonatites, including such well-documented
occurrences as Palabora (South Africa), Oka (Canada) and
Alno (Sweden) occur in ring structures, are closely associated
with alkaline intrusive rocks, and have given rise to extensive
fenitisation (alkali metasomatism) of their host rocks. They
generally also occur close to major structural lineaments and
show distinctive trace element values and stable isotope ratios
(Le Bas, 1981). The Mud Tank Carbonatite conforms in oc-
curring close to a major lineament (the Woolonga Linea-
ment) and in its geochemical and isotopic characteristics, but
lacks the ring structure, the associated alkalic rocks (except
for very minor pegmatites), and the fenitisation (except for
the development of soda-amphibole in the host gneisses
within about 50 cm of the carbonatite contact).
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A limited number of carbonatites comparable to the Mud
Tank Carbonatite in shape and in the absence of associated
alkalic rocks have, however, been recorded. They include
Sangu and Songwe Scarp in Tanzania (Tuttle & Gittins, 1966),
Newania in India (Viladkar, 1980) and an occurrence in the
Ukrainian Shield (Kapustin & others, 1978). These may repre-
sent deeper levels of erosion than the typical ring complexes.
In addition, the Indian and Ukrainian examples are
associated with sodic rather than potassic fenitisation, which
Le Bas (1981) also considered to be characteristic of deeper
levels of erosion. Comparable sodic fenitisation is not typical
of ring complexes. However, one recorded example from Sokli
in Finland is of interest in that this complex is thought to con-
sist of a core of magmatic carbonatite surrounded by a zone
of meta-carbonatite — carbonate and carbonate-silicate
rocks resulting from the replacement of pre-existing, possibly
mafic rocks by CO,-rich fluids from the carbonatite magma
(Vartianen & Paarma, 1979).

The Mud Tank Carbonatite, has only given rise to very minor
fenitisation of the surrounding gneisses, but the mineralogy
of the feldspathic carbonate rocks, the amphibolite-rich
rocks, and the pegmatites is, in each case, indicative of enrich-
ment in sodium rather than potassium. Moreover, the sug-
gested hybrid origin of the feldspathic carbonate rocks and
the amphibole-rich rocks appears to bear some resemblance
to that of the Sokli metacarbonatites, and the pegmatites may
be the products of crystallisation from an alkali-rich residual
fluid containing those components that in other carbonatite
complexes have penetrated the host rocks to give rise to
typical fenitic aureoles.
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Petrology and geochemistry of Proterozoic dolerites from the Mount Isa Inlier

D.J. Ellis* & L.A.L. Wyborn

The Precambrian Mount Isa Inlier in northwest Queensland is exten-
sively cut by numerous dolerite intrusions. At least two distinct
episodes of dolerite intrusion have been recognised in each of the
three major tectonic units: the western succession, basement se-
quence, and eastern succession. Olivine and quartz tholeiites
predominate. The rocks in the western succession and basement

sequence display little chemical variation with time. Those of the
eastern succession display greater chemical variations. The most like-
ly present-day tectonic analogue is that of an intracontinental rift.
There is no evidence in the composition of the mafic igneous rocks to
suggest that they were formed in a subduction-related environment
such as an island arc or continental margin.

Introduction

The Proterozoic Mount Isa Inlier (Geological Survey of
Queensland, 1975) of northwestern Queensland was sub-
divided into three major tectonic units by Carter & others
(1961): two depositional basins — the western and eastern
successions — separated by an older basement sequence of
felsic and mafic volcanics and granitic rocks. Mafic igneous
rocks occur throughout these three major tectonic units (Fig.
1), with the mafic volcanic rocks being concentrated in the
lower half of the stratigraphic column (Fig. 2).

In the western succession, metabasalts occur near the base
and top of the Bottletree Formation (Blake & others, 1981),
but the main mafic volcanic unit is the Eastern Creek
Volcanics (Carter & others, 1961), which are part of the Hasl-
ingden Group and overlie the Bottletree Formation. The
Eastern Creek Volcanics crop out over 4000 km? in a north-
trending belt some 300 km long. Other western succession
mafic volcanics include the Jayah Creek Metabasalt and the
Oroopo Metabasalt, which crop out well south of Mount Isa,
near Ardmore; Blake & others, (1981) considered them to be
the probable metamorphosed equivalents of the Eastern
Creek Volcanics.

The Magna Lynn Metabasalt of the Tewinga Group (Derrick
& others, 1976a), is the major mafic volcanic unit of the base-
ment sequence.

In the eastern succession, the main mafic volcanic units are
the Soldiers Cap Group (Carter & others, 1961), a succession
of schist and amphibolite that crops out southeast of Clon-
curry in a north-northwest-trending belt about 100 km long
by 35 km wide and up to 1600 m thick, and the Marraba
Volcanics (Carter & others, 1961), which cover about 600 km?
and are exposed in a complexly folded and faulted arcuate
belt (the Duck Creek and Bulonga Anticlines). Some basalt
flows occur locally in other parts of the eastern succession
and include the Wakeful Metabasalt Member of the
Mitakoodi Quartzite (Derrick & others, 1976b) and the Lime
Creek Metabasalt Member of the Corella Formation (Derrick
& others, 1977). Minor metabasalts also occur in the Double
Crossing Metamorphics, Kuridala Formation, Doherty Forma-
tion, and Staveley Formation (Blake & others, 1981).

The first comprehensive study of the Precambrian geology of
the Mount Isa Inlier was that of Carter & others (1961). More
recently, the Bureau of Mineral Resources and the Geological
Survey of Queensland carried out geological mapping at
1:100 000 scale in the inlier, and mych of this work is sum-
marised by Plumb & others (1980) and Blake (1980). Papers
dealing specifically with mafic igneous rocks include Walker
(1958), Walker & others (1960), Robinson (1968), Smith &
Walker (1971), Wilson (1978), and Scott & Taylor (1982). Of
special interest to this paper is the work of Glikson & others
(1976) and Glikson & Derrick (1978), who studied the
geochemistry of the mafic volcanic rocks in the northern part

* Department of Geology, University of Tasmania, PO Box 252C,
Hobart, Tasmania 7001.
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of the Mount Isa Inlier and found a marked east-west change
in their composition. They concluded that the geochemistry
of the Eastern Creek Volcanics correlated with that of con-
tinental flood basalts, whereas that of the Soldiers Cap
Group in the eastern succession showed certain affinities with
ocean floor tholeiites. In contrast, Bultitude & Wyborn (1982)
did not find an east-west change in the composition of the
mafic volcanic rocks in the southern third of the Mount Isa
Inlier (i.e. south of latitude 21°).

In this study, detailed sampling of the dolerite dykes was car-
ried out to complement that done on the extrusive rocks.
Most of the samples were collected in a west-east belt through
the centre of the Mount Isa Inlier, essentially between the
towns of Mount Isa, Mary Kathleen, and Cloncurry. The
dolerite intrusions have been divided spatially into three
broad groups — those of the western succession, basement
sequence, and eastern succession, and each of these has been
further subdivided into groups corresponding to periods of
magmatic activity. Time differences between the various
groups of dolerites have been defined from their field rela-
tions to sedimentary units, folding, metamorphism, and
episodes of granite intrusion. The field relationships,
petrography, and chemistry of 88 dolerite samples are
presented and characteristics of these dolerites and volcanics
are discussed in the context of present-day analogues.

Classification

Of the dolerites analysed, eight are metasomatised and eighty

are believed 1o have essentially retained their original
geochemical characteristics. All chemical analyses 1n Tables
2-4 are adjusted to a volatile free basis. Weight percentages of
the various oxides (volatile-free) are plotted in Figures 6, 8,
and 10 as a function of differentiation index (D.I. of Thorn-
ton & Tuttle, 1960) with Fe,O;=2.0 per cent. The full
analyses are listed in Wyborn (in prep.). The development of
metamorphic mineral assemblages in many of these rocks
renders classification based on petrographic criteria impossi-
ble, and a chemical classification is used here, following the
terminology proposed by MacDonald & Katsura (1964),
Green & Ringwood (1967), and Irvine & Baragar (1971).

Plots of the conventional total alkalis-silica diagram (Fig. 3)
show that most of the rocks can be classified as subalkaline.
Only two of the samples that plot in the alkaline field are
nepheline-normative (74205557%, 74205684; 0.1 and 0.69 Ne,
respectively); the remainder are hypersthene-normative and
considered to be tholeiitic in chemistry. Of the latter, rocks
that contain normative olivine are classified as olivine
tholeiite, and those with normative quartz are classified as
quartz tholeiite. On an FMA Diagram (Fig. 4), all analysed
groups of dolerites show trends of iron enrichment and
belong to the tholeiite suite.

Alteration

In places, the basic igneous rocks have been metasomatised,
and samples of massive dolerites and the very altered parts of
the same intrusions have been analysed (Table 1) to study the

*Total iron as FeO
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Table 1. Chemical analyses of metasomatised mafic rocks.

' 2 k] 4 s 6 7 3 9 10
Sampic No. TASSY4 TA205595 T420859R 74205596 TI20S3T1 TI20S1TS TI20S608 TA20S609 74205539 73208681
Typen mBl BI mBi Bl mB) bB1 mB1 bBI SE2 E2
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Cin 008 008 008 008 008 008 008 005 [0 130
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Ti 901 % 332 A U9 TE 2688 2103 3565 474
7 6102 4332 MRR WSO MR 3TI0 I087 w4 043 2

¥ 997 2\ DM 0B M R/ 20 M6 BN 26
A7Rb 280 152 ns & 158 138 179 147 133 199
*m = Mawive

¢ = chlorite bearing

b = biotite bearing

\ = scapofite bearing

effect of this. and chemical analyses of these samples are
given in Table 1. Three main mineralogical changes have been
observed: the production of chlorite, biotite, and scapolite.

Chlorite is common in sheared samples and, from a com-
parison of the chlorite-rich samples and massive rocks (Table
1, Nos. 1 vs 2 and 3 vs 4), it appears that Si, Ca, Na, and Cu
are removed from the system, whereas Ti, Mg, and H,O in-
crease, K/Rb decreases, and the Ti-Zr-Y ratio is altered. Cop-
per, in particular, is affected, and many shear zones are sites
of copper sulphide mineralisation in a caleite-quartz gangue.
These results may be compared with the work of Smith &
Walker (1971), who found that deformation of greenstone ad-
jacent to the Mount Isa orebody and its conversion to pale
green chlorite schist resulted in depletion in Ba, Ca, Cu, K,
Na, and Si, and, to a lesser extent, Co, Fe, Mn, Ni, and Ti.

Biotite is commonly formed by metasomatism during shear-
ing. This alteration is virtually absent from the western suc-
cession, but common in the basement and eastern succession.
Examples of massive rock-schistose biotite rock pairs are
shown in Table 1, Nos. 5 vs 6 and 7 vs 8, and the most obvious
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effect is the large increase in K,O, with smaller increases in
Ba and Rb. The other elements are more erratic in their
behaviour. In contrast to the development of chlorite schists
(Table 1, Nos 1-4), Ca is not removed from the system, K/Rb
and the Ti-Zr-Y ratios are not altered, and Na/K decreases.
This indicates that those basic rocks that show even slight
petrographic evidence of alteration have had their K, Ba, and
Rb contents altered, whereas certain elemental ratios are not
affected.

Scapolite has developed in some of the metamorphosed
dolerites, particularly in the eastern succession. From a com-
parison with some average analyses, it can be seen that the
development of scapolite during metasomatism involves an
increase in S, Cl, Na, Cu, and Na/K (Table 1, Nos. 9, 10). The
introduced fluid phase must have been rich in Na and Cl, and
was probably derived from the Corella Formation. The high
Cu content in these samples indicates that Cu has also been
concentrated, but other element ratios are generally unaf-
fected by the formation of scapolite.

Western succession dolerites

Three groups of dolerite intrusions are recognised in the
western succession: (W1) and (W2), which were intruded
before the regional metamorphic event(s), and a younger
group (W3), which appears to be unmetamorphosed.

The WI dykes and sills intrude the Mount Guide Quartzite,
Eastern Creek Volcanics, and the Myally Subgroup. Intru-
sions within the Myally Subgroup are mostly sills, whereas
those in the Eastern Creek Volcanics occur as dykes. The
dykes are from several metres to 30 metres wide, and locally
sheared. Because of extensive faulting, they can rarely be trac-
ed for more than a few kilometres. They predate the earliest
metamorphic event, which has been dated in this area at
1610+3 Ma (Page in Blake & others, 1984).

East of the Mount Isa Fault, the W1 dolerites contain mineral
assemblages typical of lower greenschist grade, and igneous
textures are well preserved. Tremolite/actinolite is the domi-
nant ferromagnesian mineral occurring with chlorite, epidote,
sphene, and magnetite. The opaque oxides are typically
mantled by sphene. In the more siliceous dolerites,
granophyric intergrowths of quartz and feldspar are preserved
in the groundmass. Remnant pyroxene has been seen in one
thin section (73205349%).

*Registered BMR sample number

B 16/F54/79 M
Figure 4. FMA plot of all mafic igneous rocks. -
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Table 2. Chemical analyses of western succession dolerite dykes and related rocks.

'»

3

s

1 P 3 £ 9 10 Jag 3 1 15 16 17 18 19
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Table 3. Chemical analyses of basement dolerite dykes.
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Table 4. Chemical analyses of eastern succession

dolerite dykes.
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Figure 5. FMA plot for western succession dolerites.

W1 dolerites from west of the Mount Isa Fault have been
regionally metamorphosed to amphibolite facies (Wilson,
1972)," and commonly contain hornblende (green-yellow to
green-brown pleochroism). Recrystallisation has destroyed ig-
neous textures and produced medium-grained equigranular
rocks with typical granoblastic textures.

Chemical analyses of ten samples of W1 dolerite dykes are
shown in Table 2, Nos. 1-10. They are mostly olivine tholeiites
and quartz tholeiites with SiO, ranging from 48.05 to 51.34
per cent. They show a trend of iron enrichment when plotted
on the FMA diagram (Fig. 5). There is a slight increase in
SiO, (48-51%) with differentiation, which is accompanied by
an increase in Na,O, K,O, TiO,, Ba, Sr, and Zr, and a
decrease in CaO, MgO, Cr, and Ni (Fig. 6). Such features are
consistent with crystal fractionation involving removal of Mg-
silicates (olivine, pyroxene) and plagioclase from a.common
parental magma, and indicate, with the possible exception of
sample 73205326, which has probably been altered, that these
rocks may be considered as representing variants of a single
magmatic group (Fig. 6). Sample 73205349 could be con-
sidered close to the parental magma composition.

The W2 dolerites occur as numerous plugs intruding the
Sybella Granite west of Mount Isa. They crop out as low hills
on alluvial plains, eg. Kitty Plain east of May Downs
Homestead. Net-vein complexes are commonly found at the
edges of these plugs, (Joplin, 1955; Blake, 1981) and it is
highly probable that these dolerites and granites were emplac-
ed at the same time (Walker & Skelhorn, 1966). A U-Pb zircon
date of 1671 +8 Ma has been obtained by Page (in Blake &
others, 1984) on the Sybella Granite.

The dolerite in these plugs is medium to coarse-grained, and
has ophitic to subophitic textures. Plagioclase (Ans-An ),
orthopyroxene, clinopyroxene, biotite, and minor actinolite,
magnetite, pyrite, ilmenite, and chalcopyrite constitute a
typical assemblage. The biotite and amphibole are both of
magmatic origin, with the biotite often forming rims around
the opaque oxides. The amphibole rims pyroxenes, and in
places the biotite, and in some cases it is interstitial to all these
minerals. Quartz, when present, is restricted to the ground-
mass. Accessory apatite is also found.

Contacts between granitic veins and the enclosing dolerite
mass are transitional in texture and composition; there is
usually a gradation from biotite and amphibole-poor

dolerite, through biotite-rich and amphibole-rich zones, to
granodiorite and then granite. The granodiorites consist of
coarse-grained (up to 1 cm) laths of plagioclase feldspar
(labradorite with rims of albite), biotite, amphibole, and in
some cases orthoclase, together with interstitial quartz and
alkali feldspar. The amphibole is yellow-green hornblende.
Accessory zircon, magnetite, ilmenite, pyrite, and chalcopyrite
are also present.

Analyses of the dolerites from these plugs are shown in Table
2, Nos. 11-17. Samples 74205634, 74205635A, 74205637, and
74205641 (Table 2, Nos. 11, 12, 16, & 17) are either olivine or
quartz tholeiites and of similar composition, with the excep-
tion of 74205641, which is slightly more differentiated. Sam-
ple 74205636B (Table 2, No. 13) extends the trend defined by
the dolerites and was probably formed by differentiation. It
has modal magnetite, and is depleted in MgO and Cr; these
differences can be explained by removal of pyroxene from the
host dolerite. In contrast, samples 74205635C and 74205636C
(Table 2, Nos. 14 & 15) do not lie on this differentiation trend
and are distinct in compositions. They are enriched in SiO,,
K,0, Rb, and Zr, depleted in TiO,, total iron, MgO, Ca0, Sr,
Zn, Cu, and V, and have high K/Na compared to the adjacent
dolerite. They are probably samples of Sybella Granite con-
taminated by dolerite as a result of net-veining.

The W3 dykes are discordant to the regional structures and
cut the earlier W1 dykes. They are 10-1000 m wide, and in-
dividual dykes are up to 50 km long, though discontinuous
because of faulting. These dykes must be younger than 1480
Ma, the approximate age of the youngest metamorphic event
in the region (Page, 1981). They have a massive bouldery out-
crop and a coarse-grained ophitic texture with fresh
clinopyroxene clearly visible in hand specimen. Other
minerals present include plagioclase, minor orthopyroxene,
and magnetite, with traces of biotite, hornblende, and in-
terstitial quartz and albite.

Chemical analyses of these dykes are given in Table 2, Nos.
18-26. There is a wide systematic variation in the composition
of individual dykes, which can be explained in terms of
crystal differentiation from a common parent magma. The
variations shown in Figure 6 are consistent with the removal
of olivine, pyroxene, and calcic plagioclase from the basic
members of this group to produce the more differentiated
samples. Plots on the FMA diagram (Fig. 5) show a trend of
iron enrichment: 73205361 is the most differentiated sample
(Table 2, No. 24) and trends towards alkali enrichment and
depletion in iron. Concomitant with the iron enrichment
shown on this diagram, TiO,, SiO,, Na,O, K,O, P,0Os, Ba,
Rb, and Zr also increase, whereas CaO, Al,O;, MgO, Sr, and
Ni decrease.

The least differentiated samples of the W3 dolerite dykes
(73205350, 73205353, Table 2, Nos. 18 & 19) are very similar
in composition to the W2 dolerite plugs, except for slight
depletions in TiO,, P,Os, and Sr. They are almost identical
in composition to the least differentiated examples of the
metamorphosed W1 dolerite dykes that they intrude
(73205347, 73205349; Table 2, Nos. 5 & 6).

Basement dolerites

The older basement sequence occurs in four major blocks:
the Kalkadoon-Leichhardt, Blockade, Ewen, and Malbon
blocks (Plumb & others, 1980), and they are intruded exten-
sively by dolerite. Two distinct groups can be distinguished in
the Kalkadoon-Leichhardt and Blockade blocks: older,
metamorphosed (B1) dykes and younger, unmetamorphosed
(B2) dykes.
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Figure 6. W1 and W2 dolerite compositions vs D.1.

The BI dykes form a conjugate set oriented mainly north-
northwest and north-northeast, and, in several areas, roughly
east-trending dykes cut these. The rocks are only weakly
magnetic, compared with most other mafic igneous rocks of
the Mount Isa Inlier, which are strongly magnetic (Blake &
others, in press).

The Bl dolerite dykes have been metamorphosed to am-
phibolite facies, with local retrogression along shear zones to
biotite and chlorite schists. The amphibolite facies dolerites
have either partly or wholly retained their igneous texture.
Euhedral laths of calcic plagioclase are zoned from cores of
Ang, to rims of albite; they are very pale brown, owing to the
presence of traces of iron, and are generally devoid of inclu-
sions. In several specimens, the plagioclase has rims of albite,
in part optically continuous with that of the quartz-albite
micropegmatite of the groundmass, which is also of igneous
origin. The hornblende varies from large ragged crystals to
subidiomorphic prismatic blades, with blue-green-yellow
pleochroism, and is usually optically homogeneous.
Magnetite is commonly rimmed with sphene, and in some
cases is entirely replaced by it. Garnet has only rarely been
found in thin section (e.g. 74205591). Some metamorphic
quartz is also present, especially in shear zones, where it oc-
curs with albite and chlorite. Some Bl dykes are mineralised
along the shear zones, and copper sulphide-quartz-calcite
assemblages are common. Copper mines such as ‘Referee’,
‘Queen Elizabeth’, and ‘Azurite’ are located in sheared Bl
dykes.

The fifteen analysed ‘Bl dolerites (Table 3, Nos. 1-15) can be
classified as subalkaline on the total alkalies silica diagram
(Fig.3) with one exception (74205557, Table 3, No. 4), which
contains 0.10 per cent normative Ne. All other samples are
olivine tholeiites or quartz tholeiites, with 48.23 to 54.55 per
cent’ SiO,. The Bl dolerites, like the western succession
dolerites, show a wide but systematic variation in composi-
tion. They display a marked trend of iron enrichment (Fig. 7)
and Cr depletion, with the least differentiated sample,
74205600 (Table 3, No. 8), containing 970 ppm Cr, whereas
the most differentiated sample, 74205645 (Table 3, No. 14),
has only 5 ppm Cr. There is an increase in SiO,, TiO,, Na,O,
P,Os, and Zr and a decrease in MgO, CaO, Sr, Ni, and Cr
with differentiation (Fig. 8), suggesting that Bl basement
dykes represent a consanguineous group of rocks related to
one another through low-pressure crystal fractionation.

Although the abovementioned elements show systematic
variations in concentration with differentiation, K,O, Ba,
and Rb are irregular (Fig. 8), possibly indicating that several
samples have been altered. It has already been shown that the
development of biotite schist from the basic rocks involved an
increase in K,O, Rb, and Ba without significantly affecting
the other elements present.
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Figure 7. FMA plot of basement dolerites.

Field relations indicate that the metamorphosed east-trending
Bl dykes were cut by north-trending Bl dykes. However, there
is no obvious difference in composition between samples
74205606 and 74205608 (Table 3, Nos. 11 & 12) from an east-
trending dyke and samples 74205600 and 74205601 (Table 3,
Nos. 8 & 9) from a north-trending dyke.

The B2 dykes are fresh and unmetamorphosed and may be
consanguineous with the E4 and W3 dykes from the eastern
and western successions, respectively. B2 dykes consist of zon-
ed plagioclase (Ang-An,,), clinopyroxene, minor or-
thopyroxene, magnetite, rare biotite, and brown-green horn-
blende, and some interstitial micrographic quartz and albite.
Locally, plagioclase shows some alteration to sericite and the
pyroxene to chlorite.

Only four B2 dolerite dykes have been analysed (Table 3, Nos.
16-19). Sample 71201414 is from a dyke that cuts that
represented by sample 71201416. Samples 73205372 and
73205373 are from one dyke that cuts across the basement/
eastern succession contact northwest of Mary Kathleen. The
dyke rocks are olivine tholeiite or quartz tholeiite, and show
little variation in composition, with SiO, ranging from 50.02
to 51.24 per cent. They are very similar in both major and
trace-element abundances to the Bl dolerite dyke samples of
comparable differentiation index (Fig. 8).

Eastern succession dolerites

Four groups of dolerite intrusions have been recognised in the
eastern succession; three older groups El, E2, and E3, which
predate the regional metamorphism of 1550+15 Ma (Page,
1983a), and a younger, post-metamorphic E4 group. The E2
group is the most widespread; E1, E3, and E4 groups are less
abundant.

The earliest E] intrusions occur as concordant, folded sills
within the Soldiers Cap Group on CLONCURRY*. One ex-
ample occurs between Weatherly Creek, near the top of the
Llewellyn Creek Formation, and is conformable with the
Snake Creek Crossfold (Glikson & Derrick, 1970). A second
metadolerite sill, 250 m thick, intrudes schists of the Mount
Norna Quartzite, southeast of Mount Avarice near Clon-
curry. It has been strongly folded and dislocated by faulting.

* 1:100 000 Sheet areas are shown in capital letters.

El dolerites are metamorphosed to amphibolite grade and
typically consist of hornblende, plagioclase, opaques, and
quartz, with minor sphene, epidote, talc, sericite, biotite, and
scapolite. The one chemical analysis of an El dolerite sill
(Table 4, No. 22) has been affected by metasomatism.

The E2 dolerite dyke swarms on CLONCURRY cut the Snake
Creek Crossfold and the El dolerite sills. The largest of these
dykes is 12 km long and up to 15 m wide, and forms narrow
elevated ridges where it transgresses pelitic and arenaceous
sediments. On MARY KATHLEEN and MARRABA, the E2
dolerites occur as metamorphosed sills and dykes intruding
all units older than the Deighton Quartzite (Fig. 2) and form
discontinuous bodies within fault blocks.

The E2 dolerites are petrographically variable because of the
spatial variations in metamorphic grade, and the possibility
of there being more than one generation of intrusion within
the E2 group cannot be dismissed. Amphibolite grade rocks
are abundant in a north-south belt that runs through the
Mary Kathleen area, and here the dolerites contain
plagioclase, hornblende, clinopyroxene, sphene, quartz,
biotite, epidote, and scapolite.

Less metamorphosed dolerites occur to the east, in the area
between Mary Kathleen and Cloncurry. These show some
relict ophitic textures, with zoned laths of plagioclase, ophitic
hornblende, and interstitial quartz-albite micropegmatite.
The feldspar is a pale brown colour, zoned from cores of
Ang, to rims of albite. The amphiboles commonly have
distinct rims of hornblende surrounding cores of actinolite,
and in some cases, include quartz in a poikiloblastic texture.
The opaque oxides often display a regular change in form
with prograde metamorphism. Where original
titanomagnetite has exsolved ilmenite along rational (111)
planes (or vice versa), then, at the lowest grades of metamor-
phism, the ilmenite is preferentially replaced by sphene. At
higher grades, the sphene often disappears and is replaced by
green or blue-green hornblende. The effect is the development
of a reticulate network of aligned magnetite blades with in-
terspersed amphibole.

Although the E2 dolerites all show trends towards iron enrich-
ment on a FMA diagram (Fig. 9), in detail they have a wide
range in composition, which can be explained in terms of low-
pressure crystal fractionation from a range of parent magmas
(Fig. 10). The distribution of the different chemical types of
dykes is not random, as there is an easterly zonation in com-
position, and several groupings will be discussed.

Chemical analyses of the first group of E2 dolerites, which in-
trude the Argylla and Corella Formations, northwest of Mary
Kathleen, are given in Table 4, Nos. 1-7. Except for sample
74205531 (Table 4, No. 5), the range of composition of these
dykes can be explained by crystal fractionation from a com-
mon parent magma. With differentiation, MgO ranges from
7.09 to 4.79 per cent, and there is a systematic increase in
TiO,, Na,O, total iron, and SiO,, and a decrease in MgO,
CaO, Ba, Sr, and Ni (Fig.10). Sample 74205531 appears to be
unrelated to the other samples, and has higher TiO, and
lower SiO,.

Five samples of another group of E2 dolerites, which intrude
the Wonga Granite were analysed (Table 4, Nos. 8-12). SiO,
ranges from 50.25 to 53.96 per cent. Samples 74205522,
74205523, 74205524, and 74205567 (Table 4, Nos. 8, 9, 10, 12,
respectively) have similar K,O, Al,O,, MgO, Rb, Sr, and Cr.
However, the variations in abundance of other elements can-
not be explained adequately in terms of crystal fractionation
from a common parental magma (Fig. 10), and their original
compositions have probably been altered, e.g. sample
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Figure 8. Bl & B2 dolerite compositions vs D.I.

74205527 (Table 4, No. 11) contains 2.14 per cent K,0O, and is -
also richer in SiO,, MgO, Rb, and Cr, and poorer in TiO,.

Most of the E2 dolerites intruding the Marraba Volcanics
have been metasomatised and contain scapolite and biotite.
Two chemical analyses of the least altered dykes are presented
in Table 4 (Nos. 13 & 14). they are olivine tholeiites,
characterised by low K,O (0.50 and 0.33%), and differ in
composition from the preceding E2 dykes in having Al,O,
and lower K,O.

The group of E2 dolerites from near Kuridala crops out as
metamorphosed, folded sills, cut by east-trending E4 dolerite
dykes. The six analysed E2 dolerite samples (Table 4, Nos.
15-20), can be classified as olivine or quartz tholeiites, with
49.06 to 54.25 per cent SiO,. Except for sample 74205671
(Table 4, No. 17) they appear to be a comagmatic group of
sills with related chemical features. They show a linear trend
of iron enrichment on the FMA diagram (Fig. 9) and there is
an increase in SiO,, TiO,, total iron. Na,O, and P,0s, and a
decrease in Al,O;, MgO, CaO, Ni, and Cr with differentia-
tion. Sample 74205671 does not fall along the trend defined
by the other samples. It is richer in Al,O,, K,O, Rb, and Sr,
and apparently unrelated by low-pressure fractionation pro-
cesses to the other rocks.

An E2 dolerite southeast of Cloncurry, 74205684, (Table 4,
No. 21) is poor in ALO; and K,O, has moderate to high
K/Rb and high Na,0/K,0, and is similar to the El dolerite
(Table 4, No. 21).

E3 dolerite intrusions are only slightly metamorphosed and
occur as irregular dykes, sills, and plugs in the Corella Forma-
tion and Marimo Slate. The largest E3 intrusion is the Lunch
Creek Gabbro (Derrick & others, 1978), a layered lopolithic or
sill-like mass northeast of Mary Kathleen. The age of the
Lunch Creek Gabbro was determined at 1738 +4 Ma (Page,
1983a) and it is essentially coeval with the Burstall Granite.
Possible E3 correlatives of the Lunch Creek Gabbro have
been noted to the south on DUCHESS, where dykes contain-
ing hypersthene, olivine, and rare scapolite occur (‘do,’
dolerites of Carter & others, 1961); examples are the Mount
Earle and Myubee Igneous Complexes (Blake & others, 1981).
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Figure 9. FMA plot for eastern succession dolerites.

Other E3 intrusions include dolerite plugs marked as ‘do,’
on southwestern CLONCURRY (Glikson & Derrick, 1970),
intruding the Corella Formation and Marimo Slate. These in-
trusions are generally circular and show sharp contacts with
the country rock.

Petrographically, the E3 intrusions differ from the E2 intru-
sions in that they typically have relict igneous clinopyroxene
and plagioclase. Although the E3 dolerites have only been
weakly affected by the regional metamorphism, they may, in
fact, be the same age as some E2 dolerites.

The Lunch Creek Gabbro consists of zoned phenocrysts of
plagioclase, hypersthene, clinopyroxene, ilmenite, magnetite,
biotite, actinolite-hornblende, and quartz. Opaque oxides are
typically rimmed by biotite, which in turn is rimmed by am-
phibole, both of which are of igneous origin. Amphibole may
form a thin sheaf around the pyroxenes and also occurs in-
terstitially to these other minerals. Derrick (1980) recorded
rare olivine.

The plugs on CLONCURRY are ophitic dolerites, consisting
of zoned phenocrysts of plagioclase (Any to Ang), relict
clinopyroxene, quartz, opaque oxides, sphene, actinolite,
cummingtonite, and hornblende. Plagioclase laths are up to 3
mm long, have a pale brown-pink colour, and are commonly
clouded with sericite. Relict colourless augite is partly replac-
ed by actinolite and commonly rimmed with blue-green horn-
blende. Quartz occurs both interstitially and as a graphic in-
tergrowth with plagioclase. Opaque oxides are commonly
rimmed with sphene.

Chemical analyses of the E3 dolerites are given in Table 4,
Nos. 23-25. Sample 74205615 (Table 4 No. 25) of the Lunch
Creek Gabbro is notably potassic, with Na,0/K,0 = LI7.
Of the two samples of E3 dolerites near Cloncurry, sample
74205652 (No. 23) is very iron rich and plots in the alkaline
field of the total alkalis-silica diagram of MacDonald & Kat-
sura (1964). It is low in silica (46.43% SiO,), quite potassic
(Na,0/K,0 = 1.39), and may be altered. Sample 74205650
(Table 4, No. 24), from another E3 dolerite, is an olivine
tholeiite, and appears to be unrelated chemically to 74205652.
It has a similar MgO content, but higher SiO, and lower K,O
and total iron. It is somewhat akin to a metamorphosed E2
dyke farther east (74205657; Table 4, No. 21).

The E4 dolerites cut all regional structures and rock types,
and are up to 30 km long. They are not metamorphosed and
are possibly lateral equivalents of the W3 and B2 dykes of the
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Figure 10. Eastern succession dolerite compositions vs D.1.

western succession and basement sequence. E4 dolerites from
the Mary Kathleen, Kuridala, and McKinlay River areas have
been sampled in this study, including the Lakeview Dolerite
(Derrick & others, 1978), whose age has been determined by
Rb-Sr at 1116 +12 Ma (Page 1983a).

The Lakeview Dolerite, which cuts the Burstall Granite, the
Corella Formation, and earlier E3 and E2 dykes, has a fine-
grained, dense, chilled margin and a coarse-grained core. The
chilled margin consists of sparse phenocrysts of euhedral
plagioclase, clinopyroxene, and orthopyroxene in a very fine-



grained groundmass of plagioclase, pyroxene, and magnetite;
possibly representing devitrified glass. Two generations of
plagioclase phenocrysts are present (about 3 x 2 and 1 x 0.5
mm, respectively, in size). Twinned, euhedral to rounded
augite phenocrysts (av. | mm) are more abundant than pale
pink hypersthene phenocrysts of similar habit. The coarser-
grained dolerite has a subophitic texture, with an average
grain size of 1-2 mm. Zoned euhedral phenocrysts of
plagioclase (Ang, cores), clinopyroxene, orthopyroxene, and
magnetite are the main minerals present. Interstitial green-
brown hornblende, minor biotite, accessory pyrite, apatite,
and secondary chlorite, serpentine, and sericite complete the
assemblage. The hornblende and biotite are of igneous origin.

The east-trending E4 dolerites near Kuridala are up to 25 m
wide and 16 km long, and cut the Williams Batholith, the
Kuridala and Staveley Formations, and folded and metamor-
phosed E2 dolerites. They have a subophitic texture and con-
sist of euhedral to subhedral phenocrysts of plagioclase
(Ang-Anys), augite, hypersthene, anhedral magnetite, ac-
cessory pyrite, and rare chalcopyrite. Interstitial quartz,
biotite, and green-brown hornblende may also be present.
Patches of secondary chlorite and serpentine are often found,
and the plagioclase is extensively sericitized. Carter & others
(1961) reported rare pigeonite from these rocks.

To the southeast, east-west-trending E4 dolerite dykes near
the McKinlay River cut the Williams Batholith, Soldiers Cap
Group, and Doherty Formation. They have a subophitic tex-
ture and contain clinopyroxene, orthopyroxene, zoned calcic
plagioclase, magnetite, minor interstitial brown-green horn-
blende, biotite, and quartz-albite micrographic intergrowths
in the groundmass. With an increase in the amount of quartz
present, there is a concomitant increase in biotite and horn-
blende. Where these dykes have intruded calc-silicate rocks of
the Doherty Formation, marginal assimilation has resulted in
assemblages containing diopside, wollastonite, siderite,
hydrogarnet, and up to 80 percent plagioclase (An;;—Anys).

Rocks from three E4 dykes from the Mary Kathleen area were
analysed (Table 4, Nos. 26-29). Samples from the Lakeview
Dolerite, 73205369 and 74205622 (Table S, Nos. 28 & 29), and
another dyke north of Mary Kathleen (74200097; Table 3, No.
26) are quartz tholeiites with similar compositions. A sample
from a third dyke (74205525; Table 4, No. 27) is an olivine
tholeiite.

Ti/100
——— Western Succession
eeese Eastern Succession
Basement

16/F54/87

Figure 11. Ti-ZrY plots of the range in compositions of all mafic
igneous rocks.
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Chemical analyses of the E4 dolerite dykes*from Kuridala
(Table 4, Nos. 30-33) are either olivine-normative or quartz-
normative and distinct from the E4 dykes of the Mary
Kathleen area in their high K,O and Sr. They can be termed
‘potassic tholeiites’, with Na,O/ K,O as low as 0.92.

Chemical analyses of three E4 dykes from the KcKinlay River
area are presented in Table 4 (Nos. 34, 35, 36). Two of the
analysed dykes, 74205693 and 74205699 (Table 4, Nos. 34 &
35), are very similar in composition to the potassic tholeiites
from Kuridala. However, the McKinlay samples are slightly
richer in TiO,. The other analysed dyke from this area, (sam-
ple 74205701; Table 4, No. 36), is slightly more differentiated,
and can be related to the other dykes by low-pressure crystal
fractionation, involving the removal of calcic plagioclase and
pyroxene. It is richer in TiO,, total iron, Na,O, and P,Os,
and poorer in MgO, CaO, Ni, and Cr than the other dykes in
the McKinlay area.

Discussion

General chemical variations

The dolerites of the western succession and the basement se-
quence are fairly uniform in composition (Figs. 6, 8), whereas
the dolerites of the eastern succession tend to be more
heterogeneous and show some spatial and temporal varia-
tions in composition (Fig. 10). The variations in composition
within any one group of dolerites can largely be explained in
terms of crystal differentiation from a common parent. In
contrast, variations in composition between the groups of
dolerite must be explained by other processes, such as dif-
ferent conditions of melting within the likely source regions.
There are some chemical differences between the dolerites
from the three tectonic units, e.g. there is a consistent decrease
in Y relative to Ti and Zr in an easterly direction (Fig. 11).

Relationships to mafic volcanic units

As the variation in composition between the various dolerite
groups and the mafic volcanics is subtle, it is not possible,
with the limited trace element data available, to chemically
relate specific dolerite groups to any mafic volcanic unit. On
field evidence alone, the W2, W3, B2, E3, and E4 groups
post-date any volcanic formation. Compositionally, the W1
group could be feeders only to the Pickwick Metabasalt, and
those W1 dolerites intruding the Myally Group obviously
post-date these mafic volcanics. The Bl group dolerites have
always been regarded as feeders to the Magna Lynn
Metabasalt (Derrick & others, 1977a). However, these dolerite
dykes are weakly magnetic compared to the Magna Lynn
Metabasalt, which is strongly magnetic (Blake & others, in
press), and the two units may in fact be of different ages.
Some of the E2 group may be feeders to any of the numerous
metabasalt units within the eastern succession.

Chemical variation in the dolerites, both between and within
the three tectonic units, is not marked as the west-east varia-
tion in composition of metabasalts noted by Glikson & others
(1976) and Glikson & Derrick (1978). These authors found
that their samples of the Eastern Creek Volcanics from the
western succession contained higher levels of incompatible
elements, such as TiO,, K,0, P,Os, and Rb, and could be
mainly classified as continental tholeiites, whereas the
metabasalts from the eastern succession, such as the Soldiers
Cap Group and the Marraba Volcanics, contained low levels
of these elements and would be mainly classified as ocean-
floor tholeiites. They further suggested this showed evidence
of an eastwards transition into a continental margin environ-
ment. However, as pointed out by Bultitude & Wyborn (1982),
the change in composition actually occurs within the Eastern
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Creek Volcanics, with the lowermost Cromwell Metabasalt
Member being more enriched in incompatible elements than
the uppermost Pickwick Metabasalt Member, which in fact is
not significantly different, compositionally, from metabasalt
units within the basement sequence and the eastern
succession.

It is relevant that few of the dolerite dykes are significantly
enriched in incompatible elements. All the W1 or Bl dykes,
which predate the metamorphism and some of which could
be regarded as possible feeders to the Eastern Creek
Volcanics, are compositionally similar to the Pickwick
Metabasalt Member, and in turn, to most metabasalts of the
Mount Isa Inlier. On the other hand, some dolerites in the
eastern succession, notably in the E2 and E4 groups are
enriched in incompatible elements. Therefore, there is no

systematic spatial variation in composition of the mafic ig--

neous rocks that could be attributed to crustal thickness, and
it is more likely that factors such as source composition or
degree of partial melting or both have controlled the degree of
enrichment in incompatible elements.

Comparison with mafic igneous rocks from different
tectonic environments

In the western succession, most W1 dykes have low TiO,,
somewhat similar to the average Karroo chilled basalt (Table
5, No. 6). Specimen 74205685 (Table 2, No. 10) is very similar
in major-element composition to the chilled margin of the
Palisades sill (Table 5, No. 5). The most differentiated dyke,
73205326 (Table 2, No. 4), has 2.56 per cent TiO, and is
similar to basalts from other continental basaltic provinces.

The W3 dykes are similar in major and trace-element abun-
dances and K/Rb to continental tholeiites, although they con-
tain less Ba and Sr. The least differentiated rocks are very
similar in major-element contents to the average Karroo chill-
ed basalt (Table 5, No. 6); the more fractionated W3 dykes
contain more TiO,, Na,O, and less MgO. Correlatives of
these dykes are found in other continental flood basalts,
especially examples of the Columbia River basalt (e.g. Table S,
Nos. 2-4).

In the basement sequence, the least differentiated examples of
the BI dykes, generally contain less K,O, TiO,, Ba, Rb, and
Sr than most continental tholeiitic rocks (Table 5, No. 7), but
not as little as most oceanic tholeiites (Table 5, No. 1). The
dolerites are also similar in major-element composition to the
chilled zones of the Stillwater and Skaergaard intrusions, hav-
ing slightly higher CaO and lower Al,O; (Carmichael &
others; 1974, table 9-15).

In the eastern succession, most of the E2 dolerites (Table 4)
are similar in most elements to examples of continental
tholeiites, but, although they have distinctly lower Ba, Rb, Sr,
and K,O, the value for these elements is not as low as ocean
floor tholeiites (Table 5, No. 1). Furthermore, the low values
for these elements are still comparable to values listed by Car-
michael & others (1974, table 9-5) for continental basaltic
magmas of the Karoo Province of South Africa.

The analysed sample of the E3 Lunch Creek Gabbro has high
potassium and low titanium, and is probably from a frac-
tionated part of the intrusion. According to Derrick (1980),
the gabbro represents a ‘subalkaline, hydrous tholeiitic or
calc-alkaline magma type fractionated from picrite to coarse
pegmatoidal leucogabbros’.

Most E4 dykes from the Mary Kathleen area (Table 4, Nos.
26, 28, 29) are comparable in major and trace-element con-

tent to continental tholeiitic lavas, and differ from ocean-
floor tholeiites in having higher TiO,, K,O, Ba, and Rb, and
lower Sr. One TiO,-poor dyke (Table 4, No. 27) is quite
potassic (Na,0/K,0 ° 1.1) and has much lower TiO,, Ba, and
Na,0/K,O than continental tholeiite.

The tholeiites of the E4 dykes from the Kuridala area, (Table
4, Nos. 30-33) have high Rb contents and low K/Rb, like con-
tinental tholeiites, but have lower Ba, which is characteristic
of many of the Mount Isa mafic rocks. The E3 and E4
dolerites are much more potassic than other continental
tholeiites, (0.72-2.31% K,O), though the average nonpor-
phyritic Central Basalt from Mull (Bailey & others, 1924) and
the average Victorian ‘labradorite basalt’ (Edwards, 1938)
contain 1.3 and 1.23 per cent K,O, respectively.

Present day tectonic analogue

The Mount Isa region is dominated by a bimodal range in ig-
neous rock compositions — basalt and dolerite vs rhyolite,
dacite, and granite (Bultitude & Wyborn, 1982). These com-
positions indicate a rifting rather than a subduction- related
environment such as an island arc or continental margin (e.g.
Christiansen & Lipman, 1972; Martin & Piwinski, 1972).
Continental margins usually have an abundance of andesitic
volcanism, which is absent at Mount Isa. There, a
predominance of shallow-water sediments and felsic igneous
rocks of crustal origin argues against an oceanic environment
such as an island arc or ocean floor, which usually includes
ophiolites and can also include blueschist metamorphic
rocks, both of which are absent from Mount Isa, where the
facies of metamorphism is greenschist-amphibolite.

Another reason for rejecting a subduction related environ-
ment for the Mount Isa Inlier lies in the time scale we are con-
sidering. The basic volcanism and dolerite dyke emplacement
in the Mount Isa region extended over a period of at least 700
Ma, the difference between 1800 Ma, the date of the Magna
Lynn Metabasalt (Page, 1983b) to 1116 +12 Ma, the date of
the Lakeview Dolerite (Page, 1983a). At present, it takes the
oceanic crust of the order of 100 Ma from the time of genera-
tion at a spreading ridge until it descends a subduction zone.
Since the Mesozoic era, nearly 10 000 km of oceanic plate
seems to have descended beneath Japan (Uyeda, 1978). If
subduction did operate at Mount Isa, with the same sea-floor
spreading rate as now, then, over a 700 Ma period, at least
70 000 km of oceanic crust would have been subducted. This
would have resulted in an enormous volume of andesitic lava
at Mount Isa, evidence for which is lacking.

Conclusions

Mafic rocks of the western succession and basement sequence
are very uniform in composition and similar to other con-
tinental tholeiite suites, although elements such as K0,
TiO,, Ba, Rb, and Sr tend to be low, and K/Rb exceptionally
so. The eastern succession mafic rocks are the most
heterogeneous, but are still dominated by rocks of continental
tholeiitic composition. Olivine-tholeiites and quartz-
tholeiites are the dominant rock types, and the variations in
composition of rocks in any one group can largely be explain-
ed by crystal differentiation from a common parent.

The most likely present-day analogue is that of an intracon-
tinental rift. There is no evidence for a subduction-related
tectonic environment such as an island arc or continental
margin.
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Appendix. Sample localities

Table 1. Metasomatised basic rocks

Table 3. Basement sequence dolerites

Analysis No. Sample No. Type Rock type Grid ref. 1:100 000 Analysis No. Sample No. Type Formation dolerite  Grid ref. 1:100 000
Sheet area intrudes Sheet area
1 74205594 Bi  metadolerite 781530  Prospector 1 73205374 Bi Leichhardt Metamor-
2 74205595 Bl chlorite schist 781530 " phics 849218  Mary Kathleen
3 74205598 Bl dolerite 778530 g 2 73205376 Bl Corella Formation 900282 " "
4 74205596 Bl chlorite schist 778530 " 3 74205 Bl Argylla Formation 909459  Prospector
5 73205374 Bl dolerite 849218  Mary Kathleen 4 74205557 BI " e 943329 "
6 73205375 Bl biotite schist 849218 " " 5 74205590 Bl Kalkadoon Grano-
7 74205608 Bi  dolerite 753501  Prospector diorite 793532 "
8 74205609  BI biotite schist 753501 % 6 74205598 Bl " " 778530 "
9 74205539  E2 scapolite dolerite 910420  Prospector 7 74205599 BI " " 772528 ’
10 74205651 E2 scapolite dolerite 545060? Cloncurry 8 74205600 Bl Leichhardt Meta-
morphics 762523 "
9 74205601 Bl " " 762523 "
Table 2. Western succession dolerites 10 7405003 B " i 755526 .
| 74205606 B1 " " 754502 t
Analysis No. Sample No. Type Formation dolerite  Grid ref. 1:100 000 12 74205608  BI ! ! 751502 !
intrudes Sheet area 13 74205614 Bl f " 731469 “
14 74205645 Bl Kalkadoon Grano-
| 71201436 W1 Cromwell Metabasalt diorite 505956 Dajarra
Member 478981  Mary Kathleen 15 74205646 Bl Tewinga Group
2 71201446 Wi ” " 487987 " ¥ undivided 5179327 "
3 73205326 W1 Whitworth Quartzite 586726  Prospector 16 71201414 B2 Leichhardt Meta-
4 73205346 Wi " 2 494604 ¥ morphics 846237 Mary Kathleen
§ 73205347 W1 Cromwell Metabasalt 17 71201416 B2 " “ 846237 " "
Member 477683 " 18 73205372 B2 Corella Formation 792119 & i
6 73205349 W1 Alsace Quartzite 484563 " 19 73205373 B2 “ % 795131 # &
7 73205352 Wi Lena Quartzite
Member 476527 #
8 74205643 W1 Mt Guide Quartzite 321958 Mount Isa Table 4. Eastern succession dolerites
9 74205644 W1 " " v 321958  Mount Isa
10 74205685 W1 Cromwell Metabasalt Analysis No. Sample No. Type Formation dolerite  Grid ref. 1:100 000
Member 481078  Mary Kathleen intrudes Sheet area
11 74205634 W2 Sybella Granite 300225  Mount Isa
2 74205635A W2 " " 300225 & 4 1 74205475 E2 Corella Formation 877658  Prospector
13 74205635B W2 ' 4 300225 " " 2 74205476 E2 " " 874637 "
14 74205635C W2 i " 300225 i " 3 74205514 E2 " “ 997561  Quamby
15 74205636C W2 “ N 300225 " " 4 74205520 E2 Argylla Formation 890640 Prospector
16 74205637 W2 " " 311227 " " 5 74205531 E2 " ® 917456  Prospector
17 74205641 W2 " " 311977 ” * 6 74205532 E2 " " 915457 "
18 73205350 W3 Cromwell Metabasalt 7 74205536 E2 " " 906426 i
Member 468497  Prospector 8 74205522 E2 Wonga Granite 933448 "
19 73205353 W3 Bortala Formation 514587 " 9 74205523 E2 " " 937449 #
20 73205354 W3 Cromwell Metabasalt 10 74205524 E2 # e 925453 "
Member 561548 L 11 74205527 E2 " " 939448 "
21 73205358 W3 Pickwick Metabasalt 12 74205567 E2 " " 913507 v
Member 561548 " 13 74205658 .E2 Cone Creck Meta-
22 73205359 W3 Bortala Formation 586580 " basalt Member 246721  Malbon
23 73205360 W3 Lochness Formation 649513 " 14 74205666 E2 ¥ ¢ 257729 "
24 73205361 W3 Quilalar Formation 655527 " 15 74205667 E2 Kuridala Formation 464467 "
25 73205364 W3 " 4 685650 i 16 74205670 E2 " " 470462 "
26 74205649 W3 Tewinga Group 17 74205671 E2 " " 478472 "
undivided 557090 Dajarra 18 74205672 E2 " " 471480
19 74205675 E2 " " 509455 Mt Angelay
20 74205683 E2 ¥ < 510430 " "
2] 74205657 E2 Llewellyn Creek
Formation 640870  Cloncurry
22 74205684 El Toole Creek
Volcanics 663007 #
23 74205652 E3 Corella Formation 548922 "
24 74205650 E3 £ . 482078 "
25 74205615 E3 " " 027047 Marraba
26 74200097 E4 Prospector
27 74205525 E4 Wonga Granite 938448
28 73205369 E4 Corella Formation 997967 Marraba
29 74205622 E4 A . 035047 i
30 74205673 E4 Kuridala Formation 502453 Mt Angelay
3 74205674 E4 " “ 508458 "
o 74205676 E4 Williams Batholith 532402 " "
33 74205678 E4 Doherty Formation 540462 ” ”
34 74205693 E4 i & 894117  Selwyn
35 74205699 E4 % ’ 894117 "
36 74205701 E4 ” " 858089 "
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A mica, pyroxene, ilmenite megacryst-bearing lamprophyre from Mt Woolooma,

northeastern New South Wales
A.L. Jaques & D.J. Perkin

A narrow lamprophyre dyke, dated at 85 Ma, intrudes Early Car-
boniferous sediments at Mount Woolooma in northeast New South
Wales. The lamprophyre contains megacrysts of titanbiotite
(Mg,g_3), 7-8% TiO,) and rare Ti-Al salite (Mgg;_72, 6-9% Al,03),
itmenite (5% MgO), titanphlogopite (Mgg,, 9% TiO,) and apatite.
The host rock consists of lamprophyric-textured titanphlogopite
(Mgga_70. 7-8% TiO,), diopside-salite, olivine, kaersutite, and Ti-
magnetite in a K-feldspar-rich base. The rock resembles a minette

(mica-lamprophyre), but its bulk composition is richer in SiO, and
Al,O5 (53-54% SiO, anhydrous,~16% Al,03), and poorer
in MgO (3%), Ni and Cr (30 ppm) than many minettes elsewhere. The
Mount Woolooma minette forms part of a diverse assemblage of
alkaline igneous rocks from the Scone-Gloucester area. These in-
clude alkali olivine basalt, teschenite, biotite alnoite, kimberlite, and
leucite monchiquite, many of which carry mantle xenoliths/
xenocrysts and/or megacrysts.

Introduction

Mica lamprophyres (minettes) are now recognised as an im-
portant rock association: many carry xenoliths of garnet lher-
zolite and share chemical similarities with micaceous
kimberlites (e.g. Bachinski & Scott, 1979; Roden & Smith,
1979; Roden, 1981; Rogers & others, 1982). The significance
of the lamprophyre suite is reinforced by the occurrence of
diamond in recently discovered olivine-rich lamproites
(potash- and magnesia-rich lamprophyres) of the West
Kimberley region of Western Australia (Atkinson & others,
1984; Jaques & others, 1984). This paper describes a small
lamprophyre dyke from Mount Woolooma in the Rouchel
District of the Scone-Gloucester area of northeastern New
South Wales. The dyke was found by one of us (DJP) in 1980
during an attempt to relocate a leucite(?) monchiquite plug
found by students of Sydney University during mapping of
the Glenbawn Dam region in 1966. The lamprophyre is of
interest because it carries megacrysts of titanbiotite,
clinopyroxene, and ilmenite, and is compositionally unlike
other megacryst-bearing rocks described from this region.

Geology

The lamprophyre occurs as a poorly exposed dyke in dissected
country on the northern slopes of Mount Woolooma (Fig. 1).
The dyke is 1-3 m wide, subvertical, and extends for a little
over 100 m in an east-west direction (Fig. 2). It intrudes thinly
bedded, fossiliferous marl, mudstone, and shale of the Early
Carboniferous Waverley Formation (Roberts & Oversby,
1974). Basaltic lavas of the Eocene Barrington Tops volcanic
field cap ridges immediately east and south (Wilkinson, 1969;
Wellman & McDougall, 1974; Mason, 1982), and a small
plug-like body of alkali olivine basalt, containing peridotite
nodules and megacrysts, lies immediately to the north (Fig.
2). The Mount Woolooma lamprophyre has been dated by the
K-Ar method (mica separates) as late Cretaceous, 85.3 + 0.4
Ma (Table 1).

The lamprophyre contains sparse €5%) subhedral to euhedral
megacrysts of biotite up to 1 ¢cm long in a very fine-grained,
phlogopite-rich groundmass. Rare megacrysts of black
lustrous clinopyroxene up to 2.5 cm across, associated with
crystals of ilmenite up to 1 cm long, were found in one
sample.

Table 1. Summary of K-Ar data

Sample %K OAr* (x1010 moles g')  40Ar++0Ar Toial Age (Ma)
Mica 6.817 10.325 0.886 85304
(812105003) 6.814

H0K/K = 1.167x10™* mol./mol.; A 4.962x10710yr-1; A- 0.581x10°10yr-1
Analysi: AW, Webb (AMDEL Report GS 2679/83.

Contacts with the country rock marls are sharp and little
affected. The margins of the lamprophyre are commonly
veined by carbonate, and mica megacrysts show a weak flow
alignment near the contact.

Petrography

Thin sections show similar petrography. Sparse mica mega-
crysts up to 6 mm long lie in a lamprophyric-textured ground-
mass, in which euhedral microphenocrysts of phlogopite and
diopside up to 0.3 mm are seriate to smaller euhedra of
phlogopite, diopside, olivine, rare hornblende, and titano-
magnetite. A glassy base’ is crowded with microlites of
phlogopite, diopside, apatite, titanomagnetite, and rare il-
menite. Coarser-grained vein-like segregations contain laths
of alkali feldspar in a crystalline K-feldspar-rich base. Sparse
subhedral to euhedral phenocrysts of diopside up to 0.6 mm
across, commonly with highly sieved cores, were observed in
several thin sections. On megascopic and microscopic
evidence, the Mount Woolooma lamprophyre is a minette
(mica lamprophyre), using the nomenclature of Streckeisen
(1978).

The mica megacrysts have strongly pleochroic (& = yellowish
brown, g = v = dark brown) biotite cores with sharp narrow
rims (mostly 50um) of red-brown pleochroic phlogopite ( =
pale yellow, 8= 7= brownish red). The megacrysts are
strongly resorbed and embayed, and some have kink-bands,
indicating solid-state deformation. The inner rim is common-
ly marked by the presence of granules of magnetite and/or
amoeboid-shaped inclusions of glassy groundmass material.
Several of the megacrysts contain rounded inclusions of
highly altered silicate (formerly K-feldspar?) now mainly
zeolite, secondary K-feldspar, and magnetite. Tiny granules
of magnetite occur along cleavage traces of some mica
megacrysts.

The clinopyroxene megacrysts occur as large (up to 2 cm),
strongly embayed anhedra free of exsolution. A clear core is
surrounded by a reaction zone, commonly 0.2-0.6 mm wide,
composed of less aluminous clinopyroxene (commonly -in
quench form), phlogopite, amphibole, magnetite, and glass.
The outer part of the reaction zone generally consists of a
narrow rim of quench diopside, which is commonly strongly
zoned.

Ilmenite megacrysts accompany the clinopyroxene
megacrysts as rare strongly rounded and embayed anhedra
rimmed by phlogopite. One titanphlogopite megacryst
1.2 mm across was found with these megacrysts. This mica is
strongly pleochroic (a= pale straw yellow, 8= ¥= foxy
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Figure 1. Simptified geology of the Scone - Gloucester area.

brownish red) and partly encased in the reaction zone sur-
rounding the clinopyroxene megacryst.

Apatite was seen in one thin section as an elongate grain (ap-
proximately 1 mm x 0.25 mm) with strongly rounded margins;
also present is a rounded xenocryst of strained quartz approx-
imately 1 mm in diameter, which encloses a small oval-shaped
crystal of K-feldspar.

The diopside phenocrysts (particularly those in sample 5) and
many of the microphenocrysts have strongly sieved cores
replaced by very fine-grained aggregates of phlogopite,
magnetite and, in some cases, amphibole.

Megacrysts

Mica. The mica megacrysts are predominantly titanbiotites of

|2° 18/N/1
uniform composition with high Ti and Fe contents, very low
M¢gO contents, and low 100 Mg/(Mg + Fe) ratios (17.8-20.9;
Table 2). They have low to moderate Na,O contents
(0.3-0.5%) and very low Cr,0,, MnO, and NiO. Structural
formulae show low Si contents (Si = 5.3 atoms per 22 O
atoms) with the Al in tetrahedral coordination. There is a
deficiency of octahedral cations (0.5 cations) relative to ideal
mica stoichiometry, suggesting that Ti is accommodated
largely by the substitution 2 Mgt =Ti}+ + Dh(Forbes &
Flower, 1974).

A single phlogopite megacryst, Mgy, has a higher TiO,
content than the titanbiotite megacrysts and the groundmass
titanphlogopites (Table 2); it is less magnesian and poorer in
SiO, than the groundmass titanphlogopites.
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Figure 2. Geological map of the Mount Woolooma region.

(Based on mapping by students of Sydney University, University of New South
Wales, and Roberts & Oversby (1974)). Sample numbers in inset have the BMR
prefix 8121500.

Mica megacrysts with high TiO, contents are relatively com-
mon in alkali basalts (e.g. Irving, 1974; Wilkinson, 1975; Ellis,
1976), but most are titanphlogopite. Wilkinson (1962)
reported titanobiotites (Mggs, 6-8% TiO,) from analcite-
basalt from Spring Mountain. Irving (1974) described titan-
biotite megacrysts as Fe-rich as Mg;s ¢ (7.8% TiO,) from the
Anakies, Victoria. Ellis (1976) also reported similar or slightly
more Mg-rich micas in a nepheline mugearite and in pyrox-
enite xenoliths. Similar micas (Mgsy¢) also occur in
amphibolite-rich and apatite-rich xenoliths in dykes near
Kiama (Wass, 1979a). To our knowledge, mica megacrysts as
Fe-rich as those of the Mount Woolooma lamprophyre have
not previously been reported.

Clinopyroxene. The clinopyroxene megacrysts are sodian,
titanian, aluminous salites poor in Cr,0, (Table 2), and show
a limited range in Ca-Mg-Fe (Fig. 4). The cores are less calcic,
and more aluminous, and have the lowest Mg-values (Figs. 4,
5). Al is partitioned between the tetrahedral and octahedral
sites -in the ratio 1:1 (AlI'V/AIV! = 0.8-0.9). The cores are
replaced by less aluminous, more calcic, and less sodic pyrox-
ene together with phlogopite, magnetite, and amphibole in
the reaction zone. Narrow rims of less Al- and Na- rich pyrox-
ene, richer in Ca, and with a higher Mg-value (Table 2) over-
lap compositions of the more Al-rich phenocryst pyroxenes
(Fig. 5). In general, there is a negative correlation of TiO,,
Al O3, and Na,O contents, and a positive correlation of
AllV/AIV! ratio with Mg-value (Fig. 5). The pyroxenes show a
marked increase in AI'V/AIV! ratio from the megacryst cores
through the reaction zone to the narrow rim (Fig. 5).
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Table 2. Representative microprobe analyses of megacrysts

1 2 3 4 5 6
SiO, 34.08 36.02 4898  49.26 0.68 35.90
TiO, 6.96 7.29 1.54 1.63 44.47 9.31
ALO; 14.68 15.26 9.22 4.68 1.53 15.23
v,0, 0.15 - - - 0.27 -
Fé;05 16.37*
FeO 27.712 12.56 9.86 8.49 30.88 13.99
MnO 0.20 - - - 0.15 -
MgO 4.1 13.84- .14 13.17 5.32 12.09
CaO 0.27 = 1744 2202 0.23 0.17
Na,O 0.50 0.55 216 0.58 - 0.33
K,0 909 958 - - - 9.86
Total 91.76 95.10 100.35  99.82 99.90 96.87
100 Mg 209 66.3 66.8 734 235 60.6
(Mg +Fe2t)
Ca 429 46.9
Mg 381 390
Fe 18.9 14.1

* Fe,0; calculated from ABOj stoichiometry

Mineral analyses were made using the TPD energy-dispersive electron
microprobe at the Australian National University (Reed & Ware, 1975; Ware,
1981).

. Biotite megacryst core, sample 81215004.

. Phlogopite rim on biotite megacryst, sample 81215004.

. Clinopyroxene megacryst core, sample 81215006.

. Clinopyroxene megacryst rim, sample 81215006.

. llmenite megacryst, sample 81215006.

. Titanphlogopite megacryst, sample 81215006.
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The clinopyroxene megacrysts are broadly comparable with
the Al-augites and salites found as megacrysts in alkali basalts
and associated lavas elsewhere (e.g. Binns & others, 1970; Irv-
ing, 1974; Ellis, 1976; Wass, 1979a). However, the Mount
Woolooma megacrysts are more Fe-rich than usual and
resemble Fe-rich pyroxene megacrysts in basanitic dykes in
the Kiama area (Wass, 1979b), in a nephelinite sill in the
Nandewar Mountains (Wilkinson, 1975), and in basanites in
the Massif Central (Wass, 1979a).

Ilmenite. The ilmenite megacrysts are relatively uniform in
composition, with 100 Mg/(Mg + Fe?+) ratios~23-24, gei-
kelite contents of 15.7-19.8%, and hematite contents of
19.1-26.7%. They are comparable with, although somewhat
richer in hematite than, those reported from eastern Australia
(e.g. Binns, 1969; Ellis, 1976).

Microphenocrysts/groundmass

Phlogopite. Pale coloured titanphlogopite rims the biotite
megacrysts and forms microphenocryst and - groundmass
phases. It is much poorer in FeO and richer in MgO than the
biotite megacrysts, but has similar high TiO, and Al,O; con-
tents (Table 2; Fig. 3). Small differences exist in Na, Ca, and
Mn contents between the two mica generations. The titan-
phlogopite rims on the biotite megacrysts, the micro-
phenocrysts, and the groundmass phlogopites overlap in
TiO, and Al,O; contents and Mg/(Mg+Fe) ratios (Fig. 3).
These phlogopites show minor amounts of AlV! in their
structural formulae, indicating very limited solid solution
towards eastonite, but the dominant solid solution is annite -
phlogopite.

Clinopyroxene. Clinopyroxene is present as micro-
phenocrysts, groundmass prisms, and very rare phenocrysts.
They are of diopside - salite composition and show limited
Ca-Mg-Fe variation (Fig. 4). The microphenocrysts, the
groundmass grains, and the phenocrysts show similar Ca-Mg-
Fe contents except for lower Ca in the phenocrysts. Ti and Al
vary (1-2% TiO,, 2.4-6.2% Al,O;) with the most Ti-rich and
Al-rich grains occurring as fine-grained granules in the
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Figure 3. Compositional variation of micas in the Mount Woolooma minette. Note clear distinction of titanbiotite megacrysts (solid squares) from

groundmass and microphenocryst phlogopite.

groundmass. Na contents are low, but range up to 0.9%
Na,O. The microphenocryst and groundmass pyroxenes have
higher AI'V/AIY! ratios than the megacrysts and phenocrysts,
and there is a correlation of grainsize with lower AllV/AIV!
ratio (Fig. 5).

Olivine. Olivine is comparatively Fe-rich (Fo,.,;) and con-
tains appreciable amounts of Mn and Ca (0.3-0.45% MnO,
0.2-0.35% CaO). They are too Fe-rich to have crystallised
from basaltic melts with an Mg/(Mg+Fe2+) ratio of their
host rock (assuming Ky opyquia in the range 0.3-0.4, eg.
Roeder & Emslie, 1970; Nicholls, 1974). This suggests a lower
original Fe}+/Fe2+ than that of the rock analysis (Table 3).
Olivine (or its alteration products) is common in minettes (e.g.
Rock, 1977), but is usually more Mg-rich than those reported
here (e.g. Roden & Smith, 1979).

Amphibole. Rare red-brown pleochroic kaersutite occurs as
subhedral to euhedral grains in the groundmass of some
samples. It is rich in Ti and Al (Table 3) with high Na and K
contents. Ti contents and Mg/(Mg+Fe) ratios are com-
parable with those of co-existing phlogopite.

Feli oxides. Titaniferous magnetite forms as abundant
euhedra in the groundmass. It has high Ti contents (up to
20% TiO,) and moderate amounts of Al,O; and low MgO
contents (Table 3). An average composition is Ti, s Feg} Fe?
Aly, Mg, O,. Rare ilmenite grains found in one sample pro-
ved too small for analysis.

K-feldspar and groundmass. The groundmass is partially
recrystallised to K-feldspar ( Abyg.ss Ory37). One sample
contains narrow vein-like segregations of coarser-grained
groundmass containing abundant fine laths of alkali feldspar.
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Table 3. Representative microprobe analyses of microphenocryst and
groundmass phases.

1 2 37 4 5 6
Sio, 36.23 5170 51.67 3764 39.60 0.67
TiO, 7.59 0.15 1.00 - 6.07 19.98
AlLO; 15.18 226 257 0.25 11.63 3.94
V5,03 = - = = = =
Fe,04 2 - = = - 25.78*
FeO 11.48 11.67 840 2544 1144 - 4581
MnO - . 0.42 - 045 - 0.50
MgO 14.92 1417 1477 35.83 12.37 3.21
Ca0 0.09 1941 2101 0.34 11.60 0.10
Na,O 0.50 024 029 = 245 -
K,O 9.43 o = & 1.51 =
cl - Eoa - 5 0.06 =
Toual 95.41 10002 99.71 9996 9672  100.50
100 Mg 69.8 684 758 715 65.8 111
(Mg +Fe2t)
Ca 402 437 307
Mg 409 47 455
Fe 18.9 13.6 237

*Fe,0j3 caleulated from AB,Oy stoichiometry.

. Phlogopite, microphenocrysi/groundmass, sample 81215004.
. Diopside phenocryst, sample 81215005.

. Diopside, groundmass, sample 81215003.

. Olivine, groundmass, sample 81215003.

. Kaersutite, groundmass, sample 81215002.

. Titanomagnetite, groundmass, sample 81215003.
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Geochemistry

The three samples of the Mount Woolooma minette are very
similar in composition, with intermediate silica contents, high
AL O; and alkali contents (Na,O 4+ K,O= 8-9%), and low
MgO, FeO, CaO, and Mg/(Mg+Fe) ratios (Table 4). Their
CIPW norms contain minor nepheline (4-5%) and anorthite,
and abundant albite and orthoclase; differentiation indices
are high (58-60). K,0/Na,O ratios lie in the range 0.6 to 1,
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and the rocks compare with a ‘shoshonitic lamprophyre’
group of Rock (1977).

The Mount Woolooma minette differs markedly in chemical
composition from the mica lamprophyres of the Navajo
volcanic field (Roden & Smith, 1979; Roden, 1981; Rogers &
others, 1982) and Spanish Peaks, Colorado (Jahn & others,
1979), in having much higher Na,O and Al,O;, lower MgO,
and a low Mg/(Mg+Fe) ratio; a feature of these and many
other minettes are their high Mg/(Mg-+Fe) ratios (>0.6)
and dominance of K over Na. The Mount Woolooma minette
more closely resembles the ‘average’ minette composition
given by Velde (1971), apart from being richer in Al,O; and
Na,0, and poorer in MgO (Table 4). There are also dif-
ferences in trace-element contents: the Mount Woolooma
rocks lack the high abundances of Ni, Cr, and Sc, and extreme
enrichment in light rare-earth elements and other ‘incompati-
ble’ elements, such as Pb, Th, U, Zr, Nb, P etc., which appear
to be diagnostic of minettes (e.g. Bachinski & Scott, 1979;
Jahn & others, 1979; Roden, 1981; Rogers & others, 1982).

The Mount Woolooma lamprophyre differs from most of the
mildly alkaline rocks of intermediate composition previously
described from northern and central New South Wales, which
include hawaiite, mugearite, and benmoreite of distinctly
sodic suites (e.g. Abbott, 1969; Wilkinson, 1969; Ewart &
others, 1976, 1980; Middlemost, 1981). The Na,0/K,0 ratio
is similar to the shoshonites and latites of the Gerringong

Table 4. Chemical analyses of Mt Woolooma lamprophyre

1 2 3 4 5
SiOo, 49.94 49.90 49.95 5117 46.49
TiO, 2.00 1.98 2.00 1.36 2.26
Al O3 16.27 16.23 16.30 13.87 15.43
Fe,03 272 2.96 2.87 3.27 3.27
FeO 5.18 4.98 5.01 4.16 8.00
MnO 0.13 0.13 0.13 0.11
MeO 3.46 343 3.27 6.91 9.30
CaO 5.05 5.24 4.78 6.58 9.49
Na,O 5.10 4.30 4.80 212 3.9
K,O 3.25 4.18 3.85 5.49 1.30
P,0; 0.38 0.38 0.58 0.71
Loss 6.01 5.80 5.64 3.72 0.46
Total 99.48 99.52 98.99 98.65  100.08
Trace elements (ppm)
Sc. 9 8 7 24
A% 121 119 119 175
Cr 33 28 33 278
Ni 33 31 30 176
Cu 15 15 15 43
Zn 116 111 116 85
Ga 24 23 23 16
As 1 1 1 1
Rb 88 84 90 13
Sr 1432 1446 1146 825
Y 17 17 18 21
Zr 287 285 291 219
Nb 49 47 49 55
Sn <2 2 2 <2
Ba 1084 1201 912 296
La 26 26 29 35
Ce 54 56 59 59
Nd 39 34 37 30
Pb <2 <2 <2 2
Bi <2 <2 %2 <2
Th 3 3 4 4
u <1 <it <i <1
Mg/(Mg + Fe!) 0.447 0.444 0.434 0.634 0.602
K,0/Na,0 0.64 0.97 0.80 2.59 0.41
1. Mt Woolooma lamprophyre, 81215002.
2. Mt Woolooma lamprophyre, 81215003.
3. Mt Woolooma lamprophyre, 81215004.
4. Average of 64 mineties (Velde, 1971)

5. Alkali olivine basalt, 81215001, northern stope of Mi Woolooma.

Analyses by BMR, using XRF, AAS, and wet chemical methods (Sheraton &
Labonne, 1978).
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Figure 5. Compositional variation of ALO;, Al'Y, TiO, and Na,O with 100 Mg/(Mg -+ Fe) in pyroxenes from Mount Woolooma minette.
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as in Figure 4.

Volcanics of the south coast of New South Wales (cf. Joplin,
1971), but alkalis are higher and CaO lower. Wilshire & Binns
(1961) reported megacryst-bearing and xenolith-bearing lam-
prophyres, mostly monchiquite, but few analyses are
available; Joplin (1971) cited analyses of several nepheline-
monchiquites that are distinctly more undersaturated than
the Mount Woolooma lamprophyre.

Discussion

Origin and significance of the megacrysts

Similar megacrysts are widely recorded from alkali basalt
suites in eastern Australia and are generally held to have

crystallised at high pressure (e.g. Wilshire & Binns, 1961;
Binns & others, 1970; Irving, 1974; Wilkinson, 1975; Ellis,
1976; Wass & Irving, 1976; Wass, 1979a). In some evolved
rocks of intermediate composition, e.g. hawaiite, mugearite,
benmoreite etc., the megacrysts are thought to result from
crystal fractionation at high pressure (lower crust or upper
mantle) from more mafic parent magmas (basanite, alkali
olivine basalt etc.) derived from the mantle (e.g. Green &
others, 1974).

The megacrysts in the Mount Woolooma lamprophyre sug-
gest high-pressure crystallisation from the host rock or a more
mafic magma. The high Al,O; contents and low Al'V/AIM!
ratios of the megacryst pyroxene, particularly, are good



evidence for high-pressure crystallisation (cf. Wass, 1979a).
The biotite megacrysts are inferred to have crystallised at high
temperature under oxidising conditions, since high Ti in
micas is favoured by high temperature and fO, (Arima &
Edgar, 1981). The solid state deformation shown by some
biotites suggests a xenocrystal origin, at least for some of the
megacrysts. However, the marked similarity in Al and Ti con-
tents of the megacrysts and the groundmass phlogopite sug-
gests that the megacrysts may have crystallised from a magma
with similar TiO, and Al,O; content: Barton (1979) found
that mica compositions in potassic alkaline rocks were related
to bulk magma compositions. Because the Mount Woolooma
biotite megacrysts are much more Fe-rich than the
equilibrium (groundmass and rim) phlogopite in the rock, a
cognate origin requires marked changes in either the Fe-Mg
partitioning between mica and melt with temperature,
pressure, water pressure, and/or oxygen fugacity, or a change
in the Mg/(Mg+Fe2+) ratio of the melt at lower pressure
(near surface). The latter could arise either by oxidation of
Fe2+ to Fe3+ or a decrease in total Fe in the melt. Oxidation
by the reaction biotite + O, = phlogopite + Fe-oxide could
explain the abundance of magnetite in the groundmass and
the presence of magnetite granules at the phlogopite rims.
However, the estimated Fe3+ contents of the groundmass
phlogopites (Fe3+assumed- AT = 8-Al-Si) are generally
lower than the biotite cores. Thus, if a significant change in
oxidation state occurred, it was buffered by the magnetite.
The rimming of the titanbiotite megacrysts with coexisting
groundmass phlogopite matches Fe-rich brown biotite (Type I
mica) in kimberlite containing more Mg-rich groundmass
(Type 1I) mica (cf. Smith & others, 1978). Type 1 micas are
thought to be xenocrystal, perhaps derived from carbonatites
(e.g. Smith & others, 1978); the origin of the biotite mega-
crysts in the Mount Woolooma minette remains obscure.

Relationship of the Mount Woolooma lamprophyre to
other igneous rocks in the Scone - Gloucester region.

A wide range of igneous rocks occurs in the Scone -
Gloucester area. The lavas of the Eocene Barrington Tops
volcanic field (Wellman & McDougall, 1974) cover some
2400 km* and consist mainly of alkali olivine basalt, some
tholeiitic olivine basalts, olivine-pyroxene basalts, ankara-
mites containing megacrysts of clinopyroxene, and rare thera-
lites (Wilkinson, 1969; Mason, 1982). An analysis of an alkali
olivine basalt (Table 4) from a small outcrop on the northern
flank of Mount Woolooma (Fig. 2) is similar to previously
published compositions from the Barrington Tops volcanic
field.

Other alkaline basic volcanic and intrusive rocks, many carry-
ing megacrysts or xenoliths, have been reported in the region
(Fig. 1). They include: a small leucite(?) monchiquite body
(Locality 2; D. Perkin, unpubl. data); 2 monchiquite plugs
near Muswellbrook, which contain megacrysts of olivine, or-
thopyroxene, and possibly clinopyroxene (Localities 3 and 4;
Wilshire & Binns, 1961); 2 eclogite localities, one S km north
of Allyn Brook, 51 km east of Muswellbrook, and the other
at Moonan Flat immediately north of Mt Woolooma
(Localities 5 and 6; MacNevin, 1977); diamond-bearing
‘parakimberlite’ volcanic breccia and tuff in Prince Charlie
Creek (Locality 7; MacNevin, 1977); 2 kimberlite pipes at
Oaky Creek including AuKl (Locality 8; Wilkinson, 1974;
MacNevin, 1977, Stracke & others, 1979); biotite alnoite in the
Cobakh River (Locality 9; F.L. Sutherland & J.D. Hollis, pers.
comm., 1982); alkali basalt containing peridotite nodules
(Locality 10) or peridotite nodules and megacrysts of deform-
ed olivine, clinopyroxene orthopyroxene(?) and spinel
(Locality 11; Wilshire & Binns, 1961; Wass & Irving, 1976),
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and olivine analcimite at Glenbawn Dam containing mega-
crysts of titanphlogopite and clinopyroxene (Locality 12; Irv-
ing, 1974); a carbonate-rich intrusion encountered in drill
hole in the Scone area (Locality 13); teschenitic dykes and sills
of late Permian-early Triassic age intruding the Permian
Singleton Coal Measures in the area between Denman and
Muswellbrook (Locality 14; Gamble, in press).

Of this diverse suite those most closely resembling the Mount
Woolooma minette are the late Pérmian - early Triassic
syenoteschenites (Gamble, in press). Although poorer in mica
and containing abundant analcime, these differentiated
slightly ne-normative rocks compare in differentiation indices
and normative An/(An+Ab) contents. Differences exist in
MgO and TiO, contents and in the trace-element abun-
dances. Although no chemical data are available, the mega-
cryst-bearing monchiquite plugs reported by Wilshire & Binns
(1961) also show some similarities with the Mount Woolooma
minette.

The diverse. suite of alkaline igneous rocks in the Scone -
Gloucester area dates from at least the late Permian, and was
most voluminous in the Barrington Tops volcano in the
Eocene. The Mount Woolooma minette is only a minor phase
of this activity and its precise relationship to other magmatic
episodes and the magmatic evolution of the province are
unclear.
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Stratigraphic correlations in the Tennant Creek region, central Australia:
Warramunga Group, Tomkinson Creek beds, Hatches Creek Group, and

Rising Sun Conglomerate
D.H. Blake

The Proterozoic Warramunga Group, as previously mapped around
Tennant Creek, is shown to consist of two sequences separated by
a major angular unconformity. The older sequence, which is tight-
ly folded and cleaved, hosts the gold-copper-ironstone lodes near
Tennant Creek. The younger sequence, exposed north of Tennant
Creek, is correlated with the lower Hatches Creek Group south of

Tennant Creek. 1t is overlain conformably by the Tomkinson Creek
beds, which are correlated with the middle and upper Hatches Creek
Group. The Rising Sun Conglomerate, southeast of Tennant Creek,
is a composite unit, consisting of Hatches Creek Group equivalents
and unconformably overlying Cambrian rocks.

Introduction

Three long-standing problems concerning the geology of the
Tennant Creek region in central Australia (Fig. 1) have been
the nature of the contact between the Proterozoic Tomkin-
son Creek beds in the north and the underlying Warramunga
Group, the possible correlation of the Tomkinson Creek beds
with the Hatches Creek Group to the south, and the relative
age of the Rising Sun Conglomerate. These problems have
now been largely resolved, as reported in this paper, by ex-
amination and comparison of the sequences exposed near
Tennant Creek with those in the Davenport and Murchison
Ranges.

The Warramunga Group (Ivanac, 1954; Dodson & Gardener,
1978) hosts the economic gold-copper mineralisation around
Tennant Creek. It is probably at least 3000 m thick, con-
sists of mainly turbiditic greywacke, siltstone, and shale, with
interlayered felsic volcanics, and is tightly folded, generally
cleaved, and regionally metamorphosed to greenschist facies.

The Tomkinson Creek beds (Randal & Brown, 1969; Dod-
son & Gardener, 1978) are about 9000 m thick in the Ten-
nant Creek region (Mendum & Tonkin, 1978). They consist
largely of clean sandstones (quartz arenites and feldspathic
quartz arenites, according to the classification of Pettijohn,
& others, 1972), but also include siltstones, mudstones, car-
bonates, and a formation of basaltic lava, the Whittington
Range Volcanics.

The Hatches Creek Group (Smith & others, 1961; Blake &
others, 1983) overlies the Warramunga Group unconfor-
mably in the Davenport and Murchison Ranges, and has a
maximum thickness of at least 10,000 m. It is generally
similar in lithology to the Tomkinson Creek beds, but in-
cludes thick sequences of felsic volcanics and extensive basalt
flows.

Both the Tomkinson Creek beds and Hatches Creek Group
have been folded into a series of major anticlines and
synclines and show the effects of low-grade regional
metamorphism. The Warramunga and Hatches Creek
Groups, but not the Tomkinson Creek beds, are intruded
by granite, and all three units are intruded by dolerite.

The Rising Sun Conglomerate (Ivanac, 1954) overlies the
Warramunga Group near the Nobles Nob mine southeast
of Tennant Creek, and contains boulders of Hatches Creek
Group-type rocks.

Review of previous work

The first systematic geological survey of the Tennant Creek
region was by BMR in 1948-1950, and results were reported
by Ivanac (1954). Subsequent surveys were carried out in

1958-59 (Crohn & Oldershaw, 1965), 1964 (Dunnet & Har-
ding, 1967), and 1970-71 (Mendum & Tonkin, 1976; sum-
marised in Dodson & Gardener, 1978). A broad recon-
naissance survey of the Davenport and Murchison Ranges
in 1956 was reported by Smith & others (1961). Reviews of
the regional geology have been given by Crohn (1965, 1976)
and Le Messurier (1976). Results of isotopic dating of ig-
neous and metamorphic rocks from the Tennant Creek
region have been given by Black (1977, 1981, in press).

Warramunga Group relationships

According to Ivanac (1954), the Warramunga Group grades
northwards up into sandstone and conglomerate of the
Tomkinson Creek beds, an arbitrary conformable contact
between the two being taken at the first prominent sandstone
ridge. Crohn & Oldershaw (1965), on the other hand, con-
sidered that the shape of the contact as shown on Ivanac’s
map suggested an unconformity. This suggestion was sup-
ported by Dunnet & Harding (1967), who stated that north
of Tennant Creek the contact is either faulted or obscured
by soil, but to the northwest it was a pronounced angular
unconformity. Dunnet & Harding thought that there was
some evidence to suggest that the Warramunga Group was
gently folded, but not cleaved, before the Tomkinson Creek
beds were laid down, and that the deposition of the Tomkin-
son Creek beds predated the main folding, metamorphism,
and slaty cleavage development in the region. The contact
between the Warramunga Group and Tomkinson Creek beds
was also considered to be an unconformity by Crohn (1976),
Le Messurier (1976), and Mendum & Tonkin (1976). In their
account of the geology of the Tennant Creek region, Men-
dum & Tonkin did not remark on the pronounced angular
unconformity reported by Dunnet & Harding, but claimed
that the contact is a slight angular unconformity, best ex-
posed in the ranges 65 km northwest of Tennant Creek, and
that the Warramunga Group and Tomkinson Creek beds
have had the same structural history.

Smith & others (1961) reported that in the Murchison Range
the Warramunga Group is overlain unconformably by the
Hatches Creek Group. This relationship has since been con-
firmed by several workers, including Mendum & Tonkin
(1976), and Blake & others (1983). Mendum & Tonkin
regarded this unconformity as being at least partly a décolle-
ment surface between two sequences of markedly different
rock types that developed contrasting styles of folding dur-
ing the same deformation event.

Tomkinson Creek beds and Hatches Creek Group
correlations

Ivanac (1954) and, subsequently, Crohn & Oldershaw (1965)
and Mendum & Tonkin (1976) suggested that the Tomkin-
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Figure 1. Geological locality map

son Creek beds are correlatives of the Hatches Creek Group.
Mendum & Tonkin further suggested that a formation of
basaltic lavas within the Tomkinson Creek beds, the Whit-
tington Range Volcanics, correlated with basalt lavas in the
Hatches Creek Group near Kurundi.

Rising Sun Conglomerate

As described by Ivanac (1954), the Rising Sun Conglomerate
consists of about 15 m of conglomerate and a greater
thickness of overlying cross-bedded quartz-rich arenites. It
is unconformable on the Warramunga Group, is cut by
hematite and quartz veins, and is intruded at its base by
tongues of quartz-feldspar porphyry. In a more detailed
description, Crohn & Oldershaw (1968) reported the Rising
Sun Conglomerate to be about 60 m thick and to be uncon-

16/NT/128

formable on, rather than being intruded by, quartz-feldspar
porphyry, as well as being unconformable on the War-
ramunga Group.

Present investigations

Davenport and Murchison Ranges

Recent research in the Davenport and Murchison Ranges has
shown that the most extensively exposed sequence, that for-
ming the Hatches Creek Group, can be subdivided into a
number of readily mappable and laterally extensive sedimen-
tary and volcanic formations (Fig. 3, Table 1). These are
defined by Blake & others (in prep). Especially extensive are
three ridge-forming units of white to pale pink or grey cross-
bedded quartz arenites containing little or no matrix, the
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Name Max Dominant lithology Relationships
thickness
(m) .
Yaddanilla Sandsione 1000 Ridge-forming quartz arenite Conformable on Vaddingilla Formation
Vaddingilla Formation 800 Recessive siltstone, arenite Confdérmable on Canulgerra Sandstone
Canulgerra Sandsione 500 Ridge-forming quariz arenite; Conformable on Lennee Creek
interbedded recessive arenite, silistone Formation
Lennee Creek Formation 1500 Recessive arenite, silisione, shale Conformable on Alinjabon Sandsione
Alinjabon Sandstone 750 Ridge-forming quariz arenite, Conformable on Errolola Sandstone
interbedded recessive arenite,
silistone, shale
Errolola Sandstone 1200 + Ridge-forming quartz arenite Conformable on Kudinga Basalt
Kudinga Basali 600 Recessive altered basalt Conformable on Frew River Formation
Frew River Formation 500 Recessive arenite, silistone, mudstone, Conformable on Couliers Sandsione
calcareous beds
Coulters Sandstone 1000 + Ridge-forming quartz arenite Conformable on Yeeradgi Sandstone,
Arabulja Volcanics, Newlands Volcanics
Newlands Volcanics 2000 + Generally recessive feldspar and Conformable on Unimbra Sandstone
quariz-feldspar porphyry and Yeeradgi Sandstone
Arabulja Volcanics 300 Generally recessive feldspar porphyry Conformable on Yeeradgi Sandstone
Yeeradgi Sandstone 800 Low-ridge-forming arenite’ Conformable on Unimbra Sandstone
Unimbra Sandstone 10007 Ridge-forming quartz arenite Conformable on formations of lower
’ Haiches Creek Group; unconformable
on Warramunga Group
Epenarra Volcanics 1000 + Recessive felsic lava, pyroclastics rocks; Unconformable on Warramunga Group;
interlayered low-ridge-forming arenite interfingers with Kurinelli Sandstone,
Rooneys Formation
Treasure Volcanics 3500? Recessive felsic lava, interlayered Conformable on and interfingers with
’ ridge-forming quartz arenite Taragan Sandstone.
Mia Mia Volecanics 2000 + Recessive aliered felsic tuff Overlain by Unimbra Sandstone;
base not exposed
Edmirringee Volcanics 1000 + Recessive basaltic and felsic lava Conformable on and interfingers with
Kurinelli Sandstone
Taragan Sandsione 1000? Ridge-forming pebbly quartz arenite Conformable on and interfingers with
Kurinelli Sandsione; interfingers
with Treasure Volcanics
Kurinelli Sandstone 2000? Ridge-forming quartz arenite; Conformable on and interfingers with
recessive arenite, siltstone Epenarra Volcanics, Edmirringee
Volcanics, Rooneys Formation; inter-
fingers with Taragan Sandstone
Rooneys Formation 1200? Low-ridge-forming to recessive Conformable on and interfingers with

arenite, siltstone

Epenarra Volcanics; interfingers with
Kurinelli Sandstone

Unimbra, Coulters, and Errolola Sandstones, and a unit of
basalt lavas, the Kudinga Basalt, in the middle Hatches Creek
Group. The basalt lavas noted by Mendum & Tonkin (1976)
near Kurundi belong to the Edmirringee Volcanics of the
lower Hatches Creek Group. The Unimbra Sandstone and
younger formations form a largely layer-cake type of
stratigraphy. The formations of the lower Hatches Creek
Group, however, interfinger with one another (Blake &
others, 1983), and are intruded by granophyre, dolerite, and
gabbrossills, and granite plutons. Arenites in the lower Hat-
ches Creek Group are commonly cross-bedded, but are
generally less quartz-rich and contain more matrix material
than the younger ridge-forming arenites. Cross-cutting quartz
veins are common throughout. The sedimentary rocks of the
group represent shallow marine to fluvial deposits (Sweet,
in Blake & others, 1983), and the associated volcanics may
result from both subaerial and subaqueous eruptions.

The Hatches Creek Group has been folded into a series of
large, mainly tight, upright anticlines and synclines with an
overall southeasterly trend. They are tens of kilometres long
and have wavelengths of several kilometres. An axial plane
cleavage is developed locally, mainly in the finer grained
sedimentary and tuffaceous rocks. The deformation was ac-
companied by low-grade regional metamorphism and follow-
ed by granite intrusion at about 1640 Ma (L.P. Black, per-
sonal communication, 1983).

The base of the Hatches Creek Group has been seen only
in the north, mainly in the Murchison Range. Here, a marked
angular unconformity separates it from the underlying War-
ramunga Group — moderately to tightly folded greywacke,

micaceous siltstone, shale, cherty mudstone, and jaspilite.
The folds evident in the Warramunga Group typically have
wavelengths of between 100 m and 1 km, limbs intersecting
at 45°-90°, variable trends, and, commenly, an axial plane
slaty cleavage. They are markedly different in both size and
style to those affecting the Hatches Creek Group.

The unconformity between the Warramunga and Hatches
Creek Groups, where exposed, has a local relief of several
hundred metres. Dépressions in the unconformity surface
contain felsic lavas, tuffs, and volcaniclastic sediments of
the Epenarra Volcanics of the lower Hatches Creek Group,
and highs on the unconformity surface are overlain directly
by the Unimbra Sandstone of the middle Hatches Creek
Group, which elsewhere is conformable on the Epenarra
Volcanics. The field evidence is that the Warramunga Group
was tightly folded, cleaved, uplifted, and eroded before the
Hatches Creek Group was laid down, and was refolded dur-
ing the deformation of the Hatches Creek Group.

Both the Hatches Creek and Warramunga Groups are
overlain unconformably by flat-lying Middle Cambrian con-
glomerate, sandstone, siltstone, and chert, locally fossil-
iferous (trilobites, brachiopods, hyolithids), which have been
assigned to the Gum Ridge Formation and Sandover Beds
of the Georgina Basin succession (e.g., Smith & others,
1961). Conglomerate is present mainly at the base of the
Cambrian succession and consists mostly of boulders and
cobbles of quartz arenite and conglomeratic arenite, deriv-
ed from the Hatches Creek Group, in a sparse, poorly sorted,
sandy matrix. Interbeds and lenses of indurated fine to
coarse-grained sandstone show cross-bedding and ripple
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marks. Unlike the Hatches Creek and Warramunga Groups,
the Cambrian rocks are not cut by quartz veins or igneous
intrusions.

Whittington and Short Ranges

On the Tennant Creek 1:250 000 geological map (Dodson
& Gardener, 1978), the Whittington and Short Ranges north
of Tennant Creek (Fig. 1) are shown as being formed of
Tomkinson Creek beds overlying unit Bw, of the War-
ramunga Group. The Tomkinson Creek beds here have been
subdivided into five formations (Mendum & Tonkin, 1976),
details of which are given in Table 2. The basal part con-
sists of pale cross-bedded quartz arenites containing sparse
to abundant pebbles of mainly vein quartz and quartzite.
These and younger arenites of the Tomkinson Creek beds
are identical in lithology to arenites in the middle and upper
Hatches Creek Group. The basal beds overlie Warramunga
Group unit Pw,, a sequence of reddish-brown, lithic or
feldspathic arenites with interbedded, locally cleaved siltstone
and, in places, quartz arenite like that in the overlying basal
Tomkinson Creek beds; many of the arenites are cross-
bedded. Bedding in this sequence is parallel to that of the
overlying Tomkinson Creek beds, and nowhere has an
angular unconformity been found to separate the two se-
quences. Both sequences are intruded by what appear to be
sills of recessive, intensely weathered dolerite.

On the south side of the Short Range, the Tomkinson Creek
beds and underlying unit Pw, have very steep to vertical
dips and face consistently north, forming a series of long,
parallel, easterly trending, strike ridges up to 30 m high.
South of these are lower hills formed of tightly folded and
commonly cleaved greywacke, siltstone, and shale, mapped
as unit Pw, of the Warramunga Group by Mendum &
Tonkin (1976). Although contacts between Pw; and Bw, are
generally concealed, a major angular unconformity clearly
separates the two units, as the east-trending bedding in Pw,
cuts obliquely across bedding in adjacent Pw, rocks. An ex-

posure of this unconformity was found at grid reference
38518609 (Fig. 2; locality A in Fig. 1), where subvertical nor-
therly striking beds of greywacke (Bw,) are overlain by
arenites of Bw, dipping 85° north. A few hundred metres
north of this exposure, folded greywacke is again exposed:
here, it is faulted against north-dipping arenites of Bw, to
the south and is inferred to be overlain unconformably by
north-dipping Bw, to the north.

Lithological comparison of the sequences exposed in the
Whittington and Short Ranges with those in the Murchison
and Davenport Ranges indicates that unit Bw, of the War-
ramunga Group probably correlates with the lower Hatches
Creek Group, and the basal part of the Tomkinson Creek
beds probably correlates with the Unimbra Sandstone of the
middle Hatches Creek Group. Unit Pw; and other units of
the Warramunga Group, except Pw,, are equivalent to the
Warramunga Group exposed in the Murchison Range. Pro-
posed correlations are shown in Figure 3.

Rising Sun Conglomerate outcrop area

Rocks that have been mapped as Rising Sun Conglomerate
form a low east-trending strike ridge 15-20 km east-southeast
of Tennant Creek (Fig. 1). This ridge (Fig. 4) is separated
from irregular steep-sided hills and ridges to the north, form-
ed of folded and cleaved greywacke and siltstone of the War-
ramunga Group (unit Bw, of Mendum & Tonkin, 1976,
and Dodson & Gardener, 1978), by a depression, in which
there are scattered exposures of pinkish quartz-feldspar
porphyry.

The porphyry has fragmental and eutaxitic textures, and
represents an ignimbritic extrusion. Its northern edge cuts
across bedding in the Warramunga rocks, and is highly ir-
regular in detail, indicating that it overlies the Warramunga
Group with an erosional unconformity. To the south, it
grades up into highly altered purplish tuff, containing quartz

Table 2. Summary of stratigraphy, Tomkinson Creek beds (mainly after Mendum & Tonkin, 1976)

Relationships

Conformable on Short Range Sandstone

Conformable on Morphett Creek Formation
Conformable on Whittington
Range Volcanics

Conformable on Hayward Creek Formation

Name Max Dominant lithology

thickness
(m)

Attack Creek Formation 800+ Recessive calcareous and dolomitic siltstone,
mudstone and arenite in lower part;
low-ridge-forming quartz arenite and
recessive beds in upper part

Short Range Sandstone 800 Ridge-forming quartz arenite

Morphett Creek 30007 Ridge-forming quartz arenite in lower part;
recessive mudstone, siltstone, and
arenite in upper part

Whittington Range 450 Recessive weathered basalt lava

Hayward Creek Formation 3000? Ridge-forming quariz arenite, pebbly

near base

Conformable on rocks mapped as unit Bw,
of Warramunga Group

SOUTH

NORTH

no exposure

16/NT/130
~500 m
]

Voo
=1

Figure 2. Section from south to north across locality A on the south side of the Short Range (see Fig. 1), showing relationships

between units Bw; and Bw,.

A marked angular unconformity is exposed at A. (Folding in Pw3 is schematic)
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DAVENPORT and SHORT and
MURCHISON RANGES WHITTINGTON RANGES
CAMBRIAN

VANANANNNNANAAANNNNNNNNNANAANNNANNANNNS - Major unconformity

Yaddanilla Sandstone

Attack Creek Formation
Vaddingilla Formation

Canulgerra Sandstone Short Range Sandstone

upper

Lennee Creek Formation

Alinjabon Sandstone Morphett Creek Formation

Errolola Sandstone

Kudinga Basalt Whittington Range Volcanics

Frew River Formation

TOMKINSON CREEK BEDS

Coulters Sandstone
Haywards Creek Formation

Yeeradgi Sandstone and
Arabulja Volcanics

HATCHES CREEK GROUP
middle

Unimbra Sandstone

PROTEROZOIC

Epenarra Volcanics. Treasure Volcanics,

Mia Mia Volcanics, Edmirringee Volcanics,

lower

Unit Bwg of WARRAMUNGA GROUP
Taragan Sandstone, Kurinelli Sandstone,

and Rooneys Formation

AANANANANNAANANNNNNNNNNVNAAANNANNNNNNNN Major unconformity AANAANANNNNNAAAANNNNANNANNANANNNNNAANY
WARRAMUNGA GROUP Other units of WARRAMUNGA GROUP
_________ 16/NT/131

Figure 3. Correlations of the sequences exposed in the Davenport and Murchison Ranges south of Tennant Creek with those in the
Short and Whittington Ranges north of Tennant Creek
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Figure 4. Section from south to north across the Rising Sun Conglomerate ridge (see Fig. 1 for location).

Bw,. Warramunga Group; Bhr, correlative of the Epenarra Volcanics, Hatches Creek Group; Phs, correlative of the Unimbra Sandstone, Haiches
Creek Group;.€ . Cambrian conglomerate. (Folding in Pwyg is schematic)
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and altered feldspar phenocrysts. The tuff is overlain by
bedded conglomerate 0-6 m thick, dipping 20° south, and
consisting of well-rounded to subangular pebbles and cob-
bles, mostly of fine-grained quartzite, in a purplish volcanic-
lastic matrix similar in appearance to the underlying tuff.

The conglomerate and tuff are succeeded conformably
by cross-bedded quartz arenite, which forms the bulk of the
Rising Sun Conglomerate ridge. The quartz arenite is main-
ly whitish to pale pink and medium-grained, and some is
slightly feldspathic. Many bedding planes are strewn with
mudstone/siltstone pellets. There are also beds of maroon
fine-grained arenite and siltstone in the predominantly quartz
arenite sequence, which is probably about 60 m thick (Crohn
& Oldershaw, 1965), and some cross-cutting quartz veins.
Bedding steepens to the south, where the sequence is faulted
against Warramunga Group rocks.

On the crest of the ridge, the southerly dipping arenites are
overlain unconformably by coarse conglomerate containing
some flat-lying lenses of ripple-marked, medium to fine-
grained lithic arenite. The conglomerate is formed of well-
rounded to subrounded boulders and cobbles, mainly of
quartz arenite and pebbly to conglomeratic arenite of Hat-
ches Creek Group type, in a generally sparse sandy matrix.
Boulders derived from this conglomerate partly mantle the
sides of the ridge. The unconformity beneath the con-
glomerate is an irregular erosional surface, cutting across
bedding in the underlying sequence, and has a local relief
of several metres. Similar boulder conglomerate is exposed
on a low mound north of the ridge about 1.8 km southeast
of the Nobles Nob mine, where it may lie directly on War-
ramunga Group rocks.

By analogy with the sequences exposed in the Davenport and
Murchison Ranges, the following correlations can be made:
the ridge-forming arenites correlate with the Unimbra Sand-
stone of the middle Hatches Creek Group, the conformably
underlying conglomerate, tuff, and porphyry are correlatives
of the Epenarra Volcanics of the lower Hatches Creek
Group, and the unconformably overlying boulder con-
glomerate is equivalent to that commonly present at the base
of the middle Cambrian Gum Ridge Formation and San-
dover beds.

Implications for mineral exploration

With one possible exception, the lodes in the Tennant Creek
region are confined to those Warramunga Group rocks that
predate the Hat¢hes Creek Group. The exception is at the
Last Hope gold mine (Ivanac, 1954), situated 50 km nor-
thwest of Tennant Creek (Fig. 1), where the host rocks for
the mineralisation may belong to unit Pw,, equivalent to
the lower Hatches Creek Group. At this mine, the gold oc-
curs in quartz veins cutting sandstone, siltstone, shale, and
probably dolerite, an occurrence similar to that found near
Hatches Creek and Kurinelli (Ryan, 1961; Blake & Wyche,
1983) in the Davenport Range, but not elsewhere in the Ten-
nant Creek goldfield. At the other Tennant Creek mines,
the gold and copper lodes are associated with ironstones
(quartz-hematite- magnetite bodies). The Hatches Creek
Group and correlatives are not considered to be prospective
for gold and copper-bearing ironstone lodes of the Tennant
Creek type, although they are prospective for auriferous
quartz vein lodes, especially in the vicinity of altered dolerite.

Conclusions
The Warramunga Group north of Tennant Creek, as describ-

ed by Ivanac (1954), Mendum & Tonkin (1976), and Dod-
son & Gardener (1978), includes correlatives of the lower

Hatches Creek Group. These correlatives, which have been
mapped mainly as unit Bw, of the Warramunga Group, are
overlain conformably by the Tomkinson Creek beds, and
overlie, with a marked angular unconformity, rocks map-
ped as unit Pw; of the Warramunga Group. They need to
be defined as a separate stratigraphic unit, because they
belong to neither the Warramunga Group sensu stricto nor
the Tomkinson Creek beds of Randal & Brown (1969) and
Dodson & Gardener (1978).

Unit Pw; and other units of the Warramunga Group expos-
ed near Tennant Creek (except Bw,) belong to the War-
ramunga Group sensu stricto. They correspond in general
to the Warramunga Group rocks in the Murchison Range
to the south, and were tightly folded, cleaved, metamorphos-
ed, and eroded before the Tomkinson Creek beds and the
Hatches Creek Group and their correlatives were deposited.

The Tomkinson Creek beds in the Short and Whittington
Ranges, north of Tennant Creek, can be correlated with the
middle and upper parts of the Hatches Creek Group in the
Murchison and Davenport Ranges. The Whittington Range
Volcanics, a basaltic formation within the Tomkinson Creek
beds, probably correlate with the Kudinga Basalt in the mid-
dle Hatches Creek Group.

The Rising Sun Conglomerate of previous workers consists
partly of southerly dipping Hatches Creek Group equivalents
(correlatives of the Epenarra Volcanics of the lower Hat-
ches Creek Group and the conformably overlying Unimbra
Sandstone of the middle Hatches Group), which overlie fold-
ed Warramunga Group rocks unconformably, and partly of
flat-lying Cambrian conglomerate, which is unconformable
on the Hatches Creek Group equivalents.

Gold-copper-ironstone lodes of the Tennant Creek type are
probably confined to those Warramunga Group rocks that
predate the Hatches Creek Group.
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Structure and evolution of the southern Solomon Sea region

H.L Davies' P.A. Symonds'& [.D. Ripper?

The evolution of the southern Solomon Sea region is deduced from
a review of geological, geophysical, and bathymetric data, and
previously unpublished seismic reflection profiles. Although the
Solomon Sea i$ bounded to the north by a classical active arc-trench
subduction system, the situation to the south is less certain. There, the
Solomon Sea is bounded to the north by a classical active arc-trench
Woodlark Rise. On seismic profiles, the Trobriand Trough has the ap-
pearance of an active trench, and it is associated with active andesite
volcanoes. But it is virtually aseismic, indicating that it is inactive or
that subduction is proceeding only slowly. If the Trough is active, then
it forms the southwestern boundary of the Solomon Plate. If it is in-
active, the plate boundary may be transitional, coinciding with a dif-
fuse zone of shallow earthquakes on the Papuan peninsula. The
southeastern boundary may be a postulated transform fault on the
line of the Woodlark Rise. The lithosphere of the Solomon Sea Basin
probably formed by back-arc spreading in the Early Tertiary. As a
result of subduction to the northeast, northwest, and southwest, the

lithosphere has been anticlinally folded about east-west and north-
south axes, causing elevation of the Huon Peninsula and southern
New Ireland, and the development of small flanking extensional
basins. Miocene to Holocene volcanics of southeastern Papua mostly
have the character of an arc-trench suite, and are probably related to
Miocene-Quaternary subduction at the Trobriand Trough. The
Trobriand Basin, an east-west trending basin south of the Trobriand
Trough, contains up to 5000 m of Miocene and younger sediments,
and probably developed as a fore-arc basin related to subduction at
the Trobriand Trough. Seismic reflection profiles indicate that the
Trobriand Basin extends further east than was previously recognised
and is bounded southeastwards by rifting associated with the forma-
tion of the Woodlark Basin. The same rifting caused Plio-Quaternary
elevation of the D’Entrecasteaux Islands and Papuan peninsula, and
the development of small rift basins, such as the Goodenough Basin,
and is linked with rhyolite volcanism on Fergusson Island.

Introduction

The Solomon Sea is one of several marginal seas and small
ocean basins that characterise the Melanesian borderland
north and northeast of the Australian continent. Lying bet-
ween the Solomon Islands and New Guinea, it is bounded on
the north by the islands of New Britain and New Ireland and
on the south by those of southeast Papua (Figs. 1, 2).

The main morphologic features of the Solomon Sea (Fig. 2)
are a rhomb-shaped central basin (the Solomon Sea Basin),
700 km long and 350 km wide; the New Britain Trench, to the
northwest and northeast; and the Trobriand Trough and
Woodlark Rise, to the south and-southeast, respectively. The
floor of the central basin lies at water depths of 3-5 km; it is
broadly arched in the east and more tightly so in the west,
about an east-west axis; and is also broadly arched about a
north-south axis.

The New Britain Trench is 6-8.5 km deep, and remarkable for
a 70° change in strike between 152°30’ and 153°10’E. In the
west, it appears to bifurcate: a narrow trough extends
westward to a closed basin, which we have termed the Finsch
Deep (from the nearby Finsch coast of the Huon Peninsula),
and a broader trough extends southwestward to form what we
have termed the 149° Embayment (centred on 149°E).

The Trobriand Trough, 5-5.3 km deep and 300 km long, is
broader in profile and shallower than the New Britain Trench.
It is bounded southward by the Trobriand Platform, a broad
reef-strewn shallow shelf that extends from the Papuan penin-
sula eastward to the Woodlark Rise. The Woodlark Rise is a
broad elevated area less than 1 km deep, extending northeast
from Woodlark Island, and bounded southwards by the
Woodlark Basin.

A broad closed basin northwest of Bougainville Island is here
termed the Feni Deep (from nearby Feni Island), and there are
several small basins between the D’Entrecasteaux Islands and
the Papuan peninsula, and narrow troughs located centrally
in the Huon Gulf and St George’s Channel (Fig. 3).

Division of Marine Geosciences & Petroleum Geology, BMR
*Geophysical Observatory, Geological Survey of Papua New Guinea,
PO Box 323, Port Moresby, PNG.

Purpose of study and main conclusions

In this paper we address the question of the structure and
evolution of the southern Solomon Sea region. The structure
of the northern and northeastern Solomon Sea is relatively
simple, and we discuss this only briefly. We focus attention,
rather, on the Solomon Sea Basin itself, and on its complex
southern margin and adjacent platforms, basins, and land
areas. For this area, we present a review of regional geological
and geophysical data and, in particular, some previously un-
published seismic reflection profiles.

We conclude that the floor of the Solomon Sea Basin is a
doubly arched segment of oceanic lithosphere that is, or was
until recently, being subducted on three sides, leaving only its
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Figure 1. Locality map, showing the three major structural divisions
of Papual New Guinea.

(1) craton and epi-cratonic sediments (2) marginal seas and islands constructed
by Cainozoic volcanic activity, and (3) complex zone of interaction, including
elements of (1) and (2) and deep-seated metamorphic and ultramafic rocks.
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Figure 2. Solomon Sea region geology and bathymeiry.
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K-Cretaceous, T-Tertiary, Q-Quaternary, pe-Palaeocene, e-Eocene, o-Oligocene, m-Miocene, p-Pliocene, a-alluvium, v-volcanics, s-sediments, ¢-carbonate,
i-intrusive rocks. Shows locations of crustal structure section X-Y and seismic profiles: A - Gulf profile (Fig. 8); B - BMR profile (Fig. 9); C - BMR profile (Fig. 10).
Oil exploration well Nubiam-1 and Goodenough-I are shown. Bathymetric contours at | km intervals.

southeastern flank as a transform-type passive margin.
Southward subduction in the Neogene-Quaternary was
related to the development of the Trobriand Basin on the
Trobriand Platform and to Neogene-Quarternary andesitic
volcanism in southeastern Papua. Since the Pliocene, this tec-
tonic and volcanic regime has been disturbed by rifting
associated with the opening of the Woodlark Basin. The
physical character of the Solomon Sea Basin lithosphere is
compatible with an Early Tertiary age.

Regional setting

Papua New Guinea geology may be described in terms of
three provinces (Fig. 1): (1) a stable craton in the southwest,
(2) a region of marginal seas and islands constructed by
Cainozoic volcanic activity in the northeast, and, between the
two, (3) a structurally complex zone that includes elements of
both the other provinces and deep-seated metamorphic and
ultramafic rocks. The central complex zone forms most of the
higher ground along the axis of the island of New Guinea; it
has been termed the New Guinea mobile belt (Dow & others,
1972; Bain, 1973; Dow, 1977) or the (central) orogenic belt
(Jaques & Robinson, 1977; Davies, 1978; RW. Johnson,
1979). The Solomon Sea lies between provinces (2) and (3).

In plate tectonic terms, the Solomon Sea Basin coincides
with, or at least forms part of, the Solomon Plate, one of
several minor plates that occupy a zone between the Indo-
Australian and Pacific Plates in the Papua New Guinea region
(Fig. 3; Davies & Smith, 1971; Johnson & Molnar, 1972; Cur-
tis, 1973; Krause, 1973; Denham, 1973). The northern boun-

dary of the Solomon Plate is marked by the New Britain
Trench (Denham, 1969; Johnson & Molnar, 1972; RW.
Johnson, 1979). The southern boundary is more complex,
and is discussed more fully in a separate section of the paper.
It may coincide with the Woodlark Rise (this paper) and the
Trobriand Trough (Hamilton, 1979; Ripper, 1982b; this
paper), or with the Woodlark Basin spreading ridge-
transform system and a diffuse zone or variety of alignments
on or near the Papuan peninsula (Johnson & Molnar, 1972;
Curtis, 1973; Luyendyk & others, 1973; Krause, 1973; Taylor,
1975; and this paper).

Convergence of the Indo-Australian and Pacific plates is
estimated to be at a rate of 10-11 cm/yr on azimuth about
070° (Le Pichon, 1970), and convergence of the Solomon and
South Bismarck minor plates, 9.2-12.5 cm/yr (review of other
authors by RW. Johnson, 1979).

Geology

In this section we briefly review the geology of the land areas
surrounding the Solomon Sea and the offshore Trobriand
Basin as revealed in two exploratory wells. The land areas
have been mapped by the Bureau of Mineral Resources and
the Geological Survey of Papua New Guinea, and the results
reported in 1:250 000-scale maps and explanatory notes, and
in some wider-ranging papers (e.g., Blake & Miezietis, 1967;
Davies & Smith, 1971; Jaques & Robinson, 1977; Page &
Ryburn, 1977).
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The islands northwest and northeast of the Solomon Sea, and
the Huon Peninsula were constructed by Cainozoic island-arc
volcanism and associated sedimentation. On New Britain,
late Eocene volcanics are partly overlain by less widely
developed late Oligocene volcanics (Page & Ryburn, 1977).
On the Huon Peninsula, the Eocene rocks are predominantly
argillaceous and grade upwards into late Oligocene and early
Miocene volcanics (Jaques & Robinson, 1977). On New
Ireland, the oldest dated volcanics and intrusives are
Oligocene (Hohnen, 1978), and on Bougainville Island, pro-
bably Oligocene (Blake & Miezietis, 1967). On all the islands
and the Huon Peninsula, the older volcanics are overlain by
early to middle Miocene carbonate, which, on New Britain
and Bougainville, is in turn overlain by Plio-Quaternary
volcanics.

Basement geology of the southern Solomon Sea region

The geology of the southern Solomon Sea region is sum-
marised in Fig. 4. The basement rocks of .he Papuan penin-
sula and adjacent islands formed by continent-island arc col-

lision in the Eocene (Davies & Smith, 1971; Davies, 1980a).
Metamorphosed partly Cretaceous sediments and Late
Cretaceous metabasalt of the subducted plate now form the
main range of the Papuan penisula and the high ground of
the adjacent islands. These are overlain, with faulted contact,
by peridotite and ?Cretaceous gabbro and basalt of the
Papuan uitramafic belt ophiolite. (PUB ophiolite, Davies,
1968, "1971, 1980a, 1980b), which are, in turn, overlain by
Palaeocene and Eocene island arc-type volcanics (Tev and
Tpev in Fig. 2; Davies, 1980a; Walker & McDougall, 1982).
Late Cretaceous and middle Eocene submarine tholeiites of
the southeastern peninsula (KTv in Fig. 2; Kutu volcanics of
Smith & Davies, 1976) may be part of the same collision
system.

Lava, pillow lava, pyroclastics, and sediments that form the
basement of Woodlark Island are probably part of the
Pataeocene-Eocene island arc. They have not been dated, bui
are overlain unconformably by late Oligocene limestone that
contains a re-worked probable-Eocene large benthonic
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Figure 4. Summary of geology, southern Solomon Sea region.
PUB - Papuan ultramafic belt; OSM - Owen Stanlev Metamorphics.

foraminifer (Terpstra, 1964; Trail, 1967; McGee, 1978a, 1978b;
forams re-examined by D.J. Belford, personal communication
1983). On the other hand, Ashley & Flood (1981) suggested
that the volcanics are early and late Miocene, and thus part of
the younger cover volcanics, described below.

Cover sequence

The Eocene and older basement rocks of the Papuan penin-
sula and islands are unconformably overlain by late
Oligocene and younger sediments and volcanics (Fig. 4), col-
lectively referred to here as the cover sequence.

The greatest development of the cover sequence is in the Cape
Vogel Basin and its sub-basins (Fig. 3; Bickel, 1976), the best
known of which is the Trobriand Basin, an east-west basin
between the Trobriand and D’Entrecasteaux Islands, which
has been explored for petroleum. Seismic reflection surveys in
this sub-basin indicate a maximum sediment thickness of
5000 m, and two wells drilled on structural highs penetrated
2300-2500 m of middle Miocene and younger sediment above
volcanic ‘basement’ (Tjhin, 1976).

The well sections (Fig. 5) include up to 610 m of middle
Miocene marine shale and marl, overlain by up to 660 m of
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late Miocene shale, sandstone, and lignite, partly marine and
partly fluvio-deltaic. This is overlain, in turn, by up to 955 m
of Pliocene fluvial sandstone and conglomerate in
Goodenough-1 well, and 750 m of Pliocene mixed fluvio-
deltaic and marine sediments in Nubiam-1, with up to 500 m
of Quaternary shallow marine carbonate making up the re-
mainder of the section (Tjhin, 1976; Garside & Stoen, 1973;
Stoen & Garside, 1973; some revision of micropalaeon-
tological ages by DW. Haig and G. Francis, personal com-
munication, 1983).

Volcanic rocks of cover sequence

Volcanic rocks of the cover sequence are of special interest to
us because they may be related to subduction at the Trobriand
Trough. These rocks have been studied by Smith (1976a) and
the results presented in a number of papers (Jakes & Smith,
1970; Smith, 1972, 1973, 1976b; Smith & others, 1977;
Johnson & others, 1978a, 1978b; Smith & others, 1979;
Smith, 1982). Information from these papers and other
sources is summarised in Table 1, and potash and silica varia-
tion are illustrated in Figure 6.

Most of the volcanic rocks have the chemical and physical
characteristics of an arc-trench suite (Smith, 1982). Excep-
tions are the rhyolites of Fergusson Island, which are rift-
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related (Smith, 1976b). We envisage that the volcanics of arc—
trench affinity were erupted in successive volcanic arcs,
broadly coincident in location, starting in the Miocene, conti-
nuing through the Pliocene and into the Quaternary, and in-
cluding the currently active large central volcanoes
Lamington and Victory.

The Miocene volcanics are poorly studied, but are thought to
be generally basaltic; the only analyses are of pyroclastics
from Cape Ward Hunt, which are basaltic (our unpublished
data), and from the Calvados Chain, which are high-K
andesites (Smith, 1976a; nomenclature of Johnson & others,
1978a, and Gill, 1981).

The Plio-Quaternary volcanics are mostly medium to high-K
andesites, with minor development of trachybasalt and dacite,
and less common tholeiite and alkali basalt (Table 1). They
have chemical affinities with the Plio-Quaternary volcanics of
the Papua New Guinea highlands, Bougainville Island, and
the Rabaul area on northeastern New Britain (Johnson &
others, 1978a; Johnson, 1982), and are characterised by a
relatively high content of alkali and incompatible elements,
variable to high Ni and Cr, strongly fractionated LREE-
enriched rare earth patterns, and variable but generally low
strontium isotope initial ratios. Initial ratios for volcanic
rocks from the islands are tightly grouped with the range
0.7041+2, indicating derivation from a homogeneous mantle
source, with no evidence of crustal contamination (Smith &
Compston, 1982). Initial ratios for volcanic rocks from the
Papuan peninsula, on the other hand, are widely variable, in
the range 0.7036-0.7054 (Page & Johnson, 1974; Smith &
Compston, 1982). The wide variation in isotope ratios com-
pares with that found in the Papua New Guinea highlands,
where it has been attributed to contamination of mantle-
source magma by continental crust, through which the
magma rose (Hamilton & others, 1983).

Smith (1982) grouped the arc-trench volcanics into a southern
belt, characterised by K-rich more basaltic rocks, and a
northern belt of more andesitic rocks. We note the presence of
andesitic volcanics in the southern belt, the convergence of
the two belts in the Managalase area southeast of Mount
Lamington, and the reconnaissance nature of the mapping
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Table 1. Neogene-Quaternary volcanics of southern Solomon Sea
region

Miocene

Cape Ward Hunt

fauga Formation: Agglomerate of porphyritic basalt, deposited in littoral en-
vironment; early Tf (early to middle Miocene) age from benthonic foraminifera:
Paterson & Kicinski (1956) and authors’ unpublished data. More than 1000 m
thick.

Milne Bay area

Modéwa limestone and volcanogenic turbidites, composition not known but
probably high-K andesitic by correlation with nearby intrusives. Te to early Tf
age (late Oligocene to middle Miocene) from benthonic foraminifera (Smith &
Davies 1973a, 1973b). Debolina and Padowa tuffaceous sandstone, details as-for
Modewa volcanogenic turbidites. More than 1000 m thick.

Trobriand Basin

Marine tuff, agglomerate, lava?, associated with shate and marl at and near base
of section in Goodenough-1 and Nubiam-1 wells Fig 5; Tjhin, 1976) some tuff
is late Miocene, but most volcanics are middle Miocene, N9-12 (Tjhin, 1976;
palacontological ages reviewed by DW. Haig; G. Francis, pers. comm., 1983).

Western Calvados Chain
Pyroclastic deposits and lavas of high-K andesite composition (Smith, 1973,
1976a) on Pana Tinani Island.

Pliocene

North of Musa valley

Sesara volcanics: Agglomerate, tuff and lava of high-K basalt and high-K
andesite composition (Ruxton, 1966); K-Ar age 5.2--59 Ma (Ruxton &
McDougall, 1967). Musa volcanic member of Domara River Conglomerate is
high-K basaltic agglomerate (Smith & Davies, 1976) of late Pliocene K-Ar age.

South coast of Papuan peninsula

Fife Bay and Cloudy Bay volcanics are high-K alkali basalt, trachybasalt, minor
olivine tholeiite and medium-K andesite, previously described as shoshonites
(Kesson & Smith, 1972; Smith & Davies, 1976). Age from lack of volcanic land-
form, and because mapped as unconformable on middle Miocene volcanics and
sediments (Smith & Davies, 1973a, b). Smith (1976a, 1982) proposed middle
Miocene age because chemically similar to middle Miocene intrusives.

Amphlett Group, Uama & Tewara Islands

Medium to high-K andesitic pyroclastics, structurally tilted, are remnants of
probably major Pliocene volcanic complex north and northeast of Fergusson
Island; Pliocene K-Ar ages Amphlett Group (Smith, 1976a).

Egum Atoll
High-K andestic volcanics exposed on one island have Pliocene K-Ar age
(Smith, 1976a).

Normanby Island

Central western Normanby Island has extensive cover of high-K andesite with
some trachybasalt and dacite (compositions from Smith, 1976a; Rb-Sr age 3.2
Ma from Smith & Compston, 1982).

SE Goodenough Island
Pliocene? andesitic lava and agglomerate form low plateau (Davies & Ives,
1965).

Misima Island
Agglomerate and tuff (Kobel Volcanics, de Keyser, 1961; age revised by DW.
Haig, pers. comm. 1983).

SW Fergusson & SE Fergusson Island, Sanaroa Island
The late Miocene and Pliocene rhyolite suite of Fergusson Island is discussed
with Quaternary rhyolites below.

Quaternary

Mount Lamington and Hydrographers Range; Mounts Victory and Trafalgar
There are two large active volcanic complexes on the north-east coast of the Pa-
puan peninsula: the Lamington-Hydrographers complex in the northwest, and

the Viectory-Trafalgar complex on Cape Nelson. Both have horizontal dimen-
sions in the range 80-100 x 45 km, and maximum elevations of 1600-1850 m
above sea level, and both have been constructed by eruptions from a central vent
that has migrated progressively 27 km westward and 22 km southwestward,
respectively, with time. Both active cones are decorated with tholoids and minor
flows of viscous lava, and in both cases the oldest part of the complex has sub-
sided, relative to sea level, to form a sharply indented coastline.

Lamington lavas are high-K acid andesites and trachybasalts (Arculus & others,
1983); Hydrographers Range volcanics are similar, but may be generally less
silicic, judging from the four analyses presented by Ruxton (1966). Victory and
Trafalgar lavas include rock types almost identical with those from Lamington
volcano, but the analysed samples have a wider range of silica content (50-64
per cent); as with Lamington-Hydrographers, there is a suggestion that the older
lavas are less silicic (Jakes & Smith, 1972).

Lavas from the Hydrographers Range have K-Ar ages between 1.45 and 0.67 Ma
(Ruxton & McDougall, 1967); these ages probably do not encompass the onset
of volcanism.

Mangalase Plateau

A volcanic field southeast of Mount Lamington made up of many minor erup-
tive centres; compositions include high-K basalt, medium-K and high-K
andesite and some rhyolite (chemical data from Ruxton, 1966).

South of Mount Victory

Several minor eruptive centres including the small vent, Waiowa or Goropu,
which erupted in 1943 and is located on the trace of the main ophiolite thrust
fault (Davies & Smith, 1974); high-K andesite (Ruxton, 1966, and see Fig 6).

Goodenough Island and northwestern Fergusson Island
Minor eruptive centres are dotted around massifs of metamorphic rocks, some
are located on bounding (thrust) fault (Davies, 1973); high-K basic andesite and
some olivine tholeiite and nepheline and hypersthene-normative trachybasalt
(authors’ synthesis of data presented by Smith, 1976a).

Lusancay Islands

High-K trachyte and dacite form small massive outcrops on two islands; silica
content 63-66 per cent and potash. 5.3-8 per cent; LREE enriched with extreme-
ly low HREE contents; K-Ar ages close to 1 Ma (Smith, 1976a; Smith & others,
1979; Smith & Compston, 1982).

Late Miocene to Quaternary

Rhyolite suite of Fergusson Island

Rhyolitic and associated minor mafic volcanics are exposed in western and
southeastern Fergusson Island. The southeastern rhyolites extend to the nearby
small islands, Sanaroa and Dobu.

The rhyolites of western Fergusson Island consist of an older suite on the
Kukuia Peninsula and a younger suite, associated with active thermal areas, in
the lamalele-Fagalulu area. The older suite is faulted and jointed. It includes
minor alkali basalt, trachybasalt and high-K basic andesite and is late Miocene
and Pliocene in age (Rb-Sr ages 6.27 and 3.6 Ma; Smith & Compston, 1982).
The younger suite forms lava domes and flows of Pleistocene and Holocene
aspect.

Some of the rhyolitic volcanics of southeastern Fergusson Island and those of
Sanaroa Island are jointed lava and ignimbrite of probably Pliocene age.
Quaternary rhyolitic pumice, agglomerate, and lava form potentially active
eruptive centres near the southeastern tip of Fergusson Island and on Dobu
Island; these are associated with active thermal areas. The Quaternary rhyolitic
volcanics are associated with rare flows and agglomerate of alkali basali, transi-
tional basalt, trachybasalt, and trachyte, and contain inclusions of the same
(Smith, 1976a, 1976b; Smith & others, 1977; Smith & others, 1977; Smith &
Johnson, 1981; some field observations and interpretation of aerial photographs
by Davies & Ives, 1965, and authors’ unpublished data).

Younger lavas from all three vents on southeastern Fergusson Island have
uniform composition and are more alkalic and generally less silic than older
lavas from the same area (Fig. 6; Smith, 1976b). Rhyolites of western Fergusson
Island have more variable composition than those of the southeast, but are
uniformly less alkalic (Fig. 6; data from Smith, 1976a).



program, and conclude that this grouping may not be well
founded. We also hesitate to accept that there is a systematic
increase in potash content southward (Smith, 1982, fig. 5),
for, to us, his diagrams suggest an irregular distribution of
K.O values. The high-K trachyte and dacite that are found in
two small exposures in the Lusancay Islands are chemically
anomalous (Fig. 6), but similar rocks have been described
from fore-arc regions of other convergent systems, for
example, near the Japan Trench (Gill, 1981).

The rhyolites of southwestern and southeastern Fergusson
Island and nearby small islands (Sanaroa and Dobu islands,
off southeastern Fergusson Island) are associated with minor
alkali basalt, transitional basalt, trachybasalt, and trachyte
(Smith, 1976b). Initial strontium isotope ratios are low, with
the exception of some rhyolites that have anomalously high
values; the high values may be due to groundwater con-
tamination of late-stage low-Sr fractionated melts (Smith &
Compston, 1982; Smith & Johnson, 1981). Volcanics of the
rhyolite suite range in age from 6.3 Ma to modern lavas and
pumice from potentially active vents (Table 1; Smith &
Compston, 1982).

Origin of the volcanics

Smith (1976b) concluded that the rhyolites of Fergusson
Island are a rift- related suite of mantle origin, and presented
evidence to show that those of southeastern Fergusson Island
formed by differentiation of more basic magma. He linked
the rifting with the opening of the Woodlark Basin, to the
east.

For the arc-trench suite of volcanics he considered the
possibility that they were related to southward subduction of
the Solomon Plate, but concluded that this was unlikely.
Rather, he linked the genesis of these volcanics to the develop-
ment of thickened crust beneath the Papuan peninsula and
consequent interaction between lower crust and upper mantle
(Smith, 1982); others have related it to delayed partial melting
of mantle that had been modified during an earlier con-
vergent tectonic event (Johnson & others, 1978b).

We conclude in favour of the simpler explanation that the
arc-trench suite of volcanics is related to subduction of the
Solomon Plate at the Trobriand Trough, because we have
evidence that the Trobriand Trough is, or was, an active trench
(see under Offshore structure).

Lithosphere structure

The deep crustal structure of central and eastern New Britain
and southern New lIreland was investigated by gravity and
explosion seismic refraction surveys in 1967 and' 1969, the
Papuan peninsula by a similar survey in 1973, and the
Solomon Sea and Ontong Java Plateau by gravity, magnetic,
and ship-to-ship refraction surveys in 1966 and 1970 (Rose &
others, 1968; Furumoto & others, 1970, 1973, 1976; Finlayson
& others, 1972, 1976a, 1976b, 1977; Finlayson & Cull, 1973).
The regional gravity field of the Papuan peninsula and
islands was investigated prior to the refraction survey by St
John (1967, 1970) and Milsom (1973a, 1973b).

The surveys indicated crust of normal oceanic thickness in the
central Solomon Sea Basin, thickening to 35 km beneath New
Britain and New lIreland, and up to 42 km beneath the
Ontong Java Plateau. In the southern Solomon Sea region
they showed that: (1) the crust beneath the central axis and
southern slopes of the Papuan peninsula is about 32 km
thick, and may extend, as a northeasterly dipping slab, into
the mantle beneath the northeastern slopes of the peninsula
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(Fig. 7); (2) the Papuan ultramafic belt ophiolite complex dips
northeast at 13-25° and may be continuous with the crust and
upper mantle of the Solomon Sea; (3) the crust beneath the
Trobriand Platform is 24 km thick, and thins to normal
oceanic thickness beneath the Solomon Sea Basin; and (4) the
crust further west, in the region of the 149° Embayment, is up
to 20 km thick.

From a review of earthquake data, Ripper (1982b) concluded
that the lithosphere of the Solomon Sea Basin is subducted
not only northwards beneath New Britain and Bougainville
Island, but also southwestwards beneath the Papuan penin-
sula, as is illustrated by the broken line in Figure 7. This is
discussed more fully under Seismicity. The flexural response
of the Solomon Sea lithosphere also is discussed under Age of
Solomon Sea Basin lithosphere:

Onshore structure

The dominant surface structure of the land areas of the
southern Solomon Sea region is the Owen Stanley fault
system, which separates the Papuan ultramafic belt ophiolite,
above, from metamorphics below (Figs. 2,3; Davies, 1968,
1971, 1980a). It is marked by a prominent sinuous valley
northeast of the central axis of the Papuan peninsula, and by
the change in slope from mountain to foothills in the D’En-
trecasteaux Islands (Davies & Ives, 1965; Davies, 1973). The
fault system typically has a shallow dip and has accom-
modated both initial thrusting and later dip-slip extensional
faulting (Davies, 1980b; Davies & Jaques, in press; Davies &
Warren, 1983). The inclined fault plane has been disrupted by
later steep normal faults in places (Davies, 1971).

Minor eruptive centres are located on the surface trace of the
Owen Stanley Fault system at several localities on the Papuan-
peninsula, including the recently active vent, Waiowa or
Goropu (Fig. 2) , and on the trace of the equivalent fault on
Goodenough Island (Davies, 1973).

The Gira Fault (Fig. 3) is a northwesterly trending left-lateral
strike-slip fault, upon which part of the Papuan ultramafic
belt ophiolite has been displaced by up to 90 km (Davies,
1968, 1971). It is currently active, as is indicated by local
displacement of Holocene ultramafic talus deposits in the
loma area (Davies, in prep.). The fault trends towards
Lamington volcano, but may veer eastward beneath the
alluvial plains north of Mount Lamington (interpretation of
magnetic anomalies by CGG, 1969, and see below).

There is an east-west alignment of eruptive centres within the
Lamington-Hydrographers volcanic complex, which reflects
a deep-seated fault or zone of weakness. This aligns with an
east-west segment of the Owen Stanley Fault system to the
west, and is parallel with other lineaments in the volcanic
complex (visible on Landsat imagery and aerial
photographs). A similar, but more pronounced northeasterly
alignment of eruptive centres in the Victory-Trafalgar
volcanic complex is also interpreted as reflecting a deep-
seated fault or zone of weakness.

Horst and graben structures in the southeast Papuan penin-
sula, both in the Musa Valley area, southwest of Mount Vic-
tory, and in the extreme southeast, are defined by east-west-
trending normal faults (Davies, 1968, Fig 2; Jongsma, 1972);
other sets of east-west normal faults define the off-shore
Trobriand Basin (Tjhin, 1976).

Recently active north-northeasterly trending faults of small
vertical displacement cut across the southeastern Papuan
peninsula and are concentrated in the northwest around Lake.
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Figure 7. Crustal section across Papuan peninsula and Trobriand Platform.

Shows deep crustal structure deduced from seismic refraction and gravity studies, after Finlayson & others (1977). Broken line indicates approximate position of
supposed subducted slab of Solomon Sea Basin lithosphere (this paper). Location shown in Figure 2.

Trist, where the trend of the Owen Stanley Fault changes to
north-northeast (Davies & Smith, 1974; Dow & Davies, 1964).
Given the present stress regime (see under Seismicity), these
are probably steep reverse faults.

Other prominent structural features, which are marginal to
our area of special interest, are the Ramu-Markham fault
system, a valley-forming system that aligns with the Huon
Gulf chasm; the major northwesterly trending left-lateral
strike-slip faults that cut across southern New Ireland and
central Bougainville Island; and the northwesterly-trending
normal faults that define the Wide Bay-Open Bay depression
in northeastern New Britain (Fig. 3, and see maps: Bain &
others, 1972; D’Addario & others, 1976).

Offshore structure

Offshore structural features are illustrated in Figure 3, and the
main features have been briefly discussed under Regional set-
ting and Geology. In the following section we present addi-
tional information, drawn partly from previously unpublish-
ed seismic reflection profiles. The main observations we draw
from these profiles are, firstly, that the Trobriand Trough is a
sediment-filled active or recently active trench; secondly, that
the floor of the Solomon Sea Basin is arched and faulted in
response to north-south (and probably northeast-southwest)
horizontal compressive stress, with effects that are more ex-
treme in the west, where the basin is narrower, and, thirdly,
that the Trobriand Basin extends further east than previously
mapped and is bounded southeastward by rifts associated

with the Woodlark Basin spreading system. Although the
available seismic data provide incomplete coverage of the
Solomon Sea, they are sufficient, particularly when combined
with other data, to define significant changes in structural
style along the southern margin of the Solomon Sea (struc-
tural provinces I, II, III, Fig. 3).

Structural features on a smaller scale are the rifted small
rhomboidal Goodenough Basin between the D’Entrecasteaux
Islands and the mainland (Fig. 3; Milsom, 1973b; Smith &
Davies, 1973b) and the graben that forms Milne Bay (Fig. 2;
Jongsma, 1972), features almost certainly related to rifting
associated with the Woodlark Basin spreading system (e.g.,
Weissel & others, 1982). Other extensional basins flank the
Huon Peninsula (Huon Gulf chasm, Finsch Deep) and south-
ern New Ireland (St George’s Channel, Feni Deep; Fig. 3).

Seismic reflection profiles

The three profiles illustrated here (Figs. 8, 9, 10) are drawn
from reconnaissance seismic reflection surveys by Gulf
Research and Development (Gulf, 1973) and BMR (CGG,
1974; Tilbury, 1975). We also examined photographically
reduced copies of profiles collected by the research vessels
Conrad and Vema and kindly provided by Lamont-Dohérty
Geological Observatory of Columbia University. We did not
have access to profiles collected recently by the Geological
Survey of Japan vessel Natsushima (Honza & others 1984).
Part of the Vema profile and one of the BMR profiles have
been published previously by Hamilton (1979).

Figure 8. Interpretation of Gulf seismic profile across the central Solomon Sea Basin.

Location shown as profile A in Figure 2. Shows the New Britain Trench and Trobriand Trough, and the deformation front (DF) and slope basin, which are characteristic
of subduction systems. Iin 8a marks a minor intrusive body beneath the Trobriand Platform. Note overlap between 8a and 8b. 8c s a single-channel, deconvolved seismic
section recorded using an Aquapulse energy source. The black dots define the top of oceanic basement, which dips to over 9 seconds of reflection time beneath the slope
basin. Arrows mark reflector terminations at major seismic sequence boundaries. Note deformation front is exposed at the sea floor and is not onlapped by the trough-

fill sediments, implying that the system is active, or was so until very recently.
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The Gulf profile (Fig. 8; profile A in Fig. 2) crosses the central
Solomon Sea Basin in structural province I, and shows a nar-
row, sediment-free New Britain Trench and the irregular arch-
like form of the Solomon Sea Basin basement, which is
generally overlain by about 300-400 m of sediment (Fig. 8b).
There is at least 1500 m of sediment beneath the Trobriand
Trough, made up of two main sequences - a basal southward-
dipping sequence that onlaps basement, and an upper flat-
lying, ponded sequence (Fig. 8b, c¢). Basement beneath the
Trobriand Trough dips southwards to at least 9 seconds of
reflection time beneath an uplifted and deformed sedimen-
tary pile (Fig. 8a, b, ¢). On this profile, the Trobriand Plat-
form is a broad arch composed of folded and faulted rocks,
and minor intrusive bodies (Fig. 8a). We interpret this profile
as showing that the southern margin of the Solomon Sea
Basin is a convergent margin with subduction of oceanic
lithosphere beneath the Trobriand Platform. Characteristic
features are the deformation front and the small slope basin
(Fig. 8¢). Because the deformation front crops out at the sea
floor, and apparently is not onlapped or buried by trough-fill
sediments, we conclude that subduction is active or has only
recently ceased.

Further west, in structural province I1, a BMR profile (Fig. 9;
profile B in Fig. 2) crosses a sediment-free extension of the
Finsch Deep, which is separated from the deep flat floor of
the southwestern New Britain Trench by a narrow ridge (the
Vitiaz slice of Johnson, 1977). Sediments in this part of the
New Britain Trench are about 1500 m thick and gently folded.
Further south, the sediment thickness increases to more than
2500 m at the foot of the Trobriand Platform slope. The most
remarkable feature of the profile is the series of faults that in-
tersect acoustic basement beneath the 149° Embayment. We
interpret the faults as south-dipping thrusts, and note that
their dip increases southwards to near-vertical beneath the
lower slope of the Trobriand Platform. Near the New Britain
Trench the faults impinge upon the sea floor (Fig. 9b), which
implies that the deformation is continuing or has only recent-
ly ceased. The imbricated stack of acoustic basement blocks
formed by the thrust faults is overlain by faulted and gently
folded sediments. There is no Trobriand Trough bathymetric
feature on this profile, but the structural equivalent of the
Trough may lie beneath the zone of thick sediment just north
of the slope basin in Figure 9a. The profile indicates that,
within structural province Il, crustal shortening has been
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Figure 9. Interpretation of BMR seismic profile across the western Solomon Sea basin.

Location shown as profile B in Figure 2. Shows the Finsch Deep trend. New Britain Trench and the imbricate stack of acoustic basement blocks beneath the 149°

Embayment. 9b is a single-channel onboard-monitor seismic section, recorded using a 120 kJ sparker energy source. It shows thrust faulis affecting acoustic basement
“(black dots) beneath the 149° Embayment. Note that the faults impinge upon the sea floor of the northern end of the section.
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Location shown as profile C in Figure 2. Single-channel onboard-mouitor section recorded using a 120 kJ sparker encrgy source. Black dots define the topofa
faulted basement block. P marks the progradational facies that lies just below a major seismic sequence boundary. Arrows show reflector terminations at seismic

sequence boundaries. M s the first water-bottom multiple,

accommodated by imbrication and thrusting of ?oceanic
crust, in addition to or after failure of southward subduction.
Tectonic thickening of the oceanic crust by thrusting would
explain the anomalously thick crust interpreted in this region
from seismic refraction, gravity, and magnetic data
(Finlayson & others, 1977). Similar imbricate deformation of
oceanic crust has been recognised at the Caroline/Pacific
Plate boundary, along strike from the Mussau Trench, and is
there attributed to a relatively slow rate of plate convergence
(Hegarty & others, 1983).

Further west, in structural province I11, other unpublished
BMR profiles define a series of west-northwesterly trending
highs and fault-bounded troughs. These profiles are not
reproduced here. The major trough is the Huon Gulf chasm
(Fig. 3), the floor and flanks of which are composed of
deformed and faulted sediments that generally dip north or
northeast; this structural styvle is similar 1o that observed on
the adjacent Huon Peninsula (Jaques & Robinson, 1977). The
dominant structural control here may be wrench faulting
associated with movement on the Ramu-Markham fault
system, which lies along strike to the west-northwest.

The seismic reflection profiles, taken together with
bathymetry, show that the base of the submarine slope that
bounds the Papuan peninsula and the Trobriand Platform
steps progressively southward from the line of the Trobriand
Trough in the east, to the southern margin of the 149° Embay-
ment, and then to the southern wall of the Huon Gulf chasm
in the west (Fig. 3). The points of southward inflexion coin-
cide approximately with the boundaries between structural
provinces I, 1, and I11. The primary control on the changes
in structural style, and the nature of the boundaries (e.g.,
whether sharp or gradational) are not known.

Another BMR seismic profile, southeast of the Trobriand
Islands (Fig. 10; profile C in Fig. 2) illustrates the eastward
extension of the Trobriand Basin. The southern end of this
profile (not illustrated) shows large-throw normal faulting,
which we associate with rifting related to the actively
spreading Woodlark Basin further to the southeast (Fig. 3).
On this profile, the eastern Trobriand Basin appears as a
fault-bounded structure containing at least 2000 m of sedi-
ment, which can be subdivided into two sequences. The basal
sequence consists of gently folded and faulted sediments, and
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Figure 11. Seismicity of the Solomon Sea region, 1964-1982.

Shows earthquakes in four depth ranges - 0 to 50 km, 51 to 100 km, 101 to 150 km, 151 t0 200 km. On the Papuan peninsula, the Owen Stianley Fault is also shown. The
various sized circles, triangles and asterisks were produced by the automatic plotting of the earthquake data file and convey information that is not relevant to this study.
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its upper part contains possible progradational facies, which
may correspond to the Pliocene fluvio-deltaic sediments
intersected in the Goodenough and Nubiam wells (Fig. 5;
Tjhin, 1976). The sediment source for the progradational
facies appears to have been to the south as is the case in the
western Trobriand Basin (Tjhin, 1976).

This sequence is unconformably overlain by an onlapping
sequence with a high amplitude, parallel reflection configura-
tion. It has a maximum thickness of about 800 m in the south
and thins rapidly across the northern flank of the Trobriand
Basin, to be almost absent over the northern part of the
Trobriand Platform east of the Trobriand Islands. It is
probably mainly a Quaternary shallow marine carbonate
sequence, such as was intersected in the Goodenough and
Nubiam wells. However, without a seismic tie to the
Australian Oil and Gas Corporation Ltd seismic data further
west (Tjhin, 1976), this interpretation remains speculative.

Seismicity

Earthquakes recorded at more than 10 stations are displayed
in 50 km vertical intercepts for 0-200 km depth in Figure 11.
Earthquakes deeper than 200 km have been recorded beneath
and north of New Britain (to 600 km depth) and beneath
Bougainville Island (to 520 km depth; Ripper, 1970, 1982a;
Ripper & McCue, 1982; Denham, 1969, 1973; Johnson &
Molnar, 1972; RW. Johnson, 1976a, 1976 b, 1977, 1979).
Focal mechanism solutions have been determined by Johnson
& Molnar (1972), Ripper (1975, 1977, 1982b) and Taylor
(Weissel & others, 1982).

The earthquakes define a highly active Wadati-Benioff zone
that dips steeply beneath New Britain and Bougainville
Island. In this zone, shallow earthquakes occur over several
hundred kilometres across strike, and include earthquakes
with extensional solutions along the axis of plate flexure
south and southwest of the New Britain Trench, and with
thrust solutions down-dip from the trench (Johnson &
Molnar, 1972; Ripper, 1982b; Weissel & others, 1982).

Elsewhere, shallow earthquakes define a weakly seismic linear
zone along the northern flank of the Woodlark Rise, a
broader zone that extends from Woodlark Island westward
through the D’Entrecasteaux Islands and along the northern
flank of the Papuan peninsula, and a zone that coincides
approximately with the Woodlark Basin spreading ridge-
transform system.

Shallow earthquakes along the line of the Woodlark Rise
include one with a right-lateral northeasterly strike-slip solu-
tion (Weissel & others, 1982), and others with extensional and
thrust solutions (Ripper, 1982b). Those between Woodlark
Island and the Papuan mainland mostly have extensional
north-south solutions (Ripper, 1982b; Weissel & others,
1982), presumably related to rifting associated with westward
propagation of the Woodlark spreading system, whereas
those further west and northwest on the Papuan peninsula
mostly have strike-slip or thrust solutions with maximum
compression east-west (Ripper, 1982b).

There is no zone of shallow seismicity coincident with the
Trobriand Trough and no Wadati-Benioff zone associated
with the postulated southwesterly dipping slab of Solomon
Sea Basin lithosphere in this area (Ripper, 1982b). However,
there are intermediate-depth earthquakes beneath the Papuan
peninsula north and northwest of Mount Lamington, which
may indicate the presence of such a slab. Ripper (1982b)
suggested that southward subduction of the slab has probably
ceased, owing to collision of the Trobriand and New Britain

subduction systems in the Ramu-Markham region. The
intermediate-depth earthquakes, which are aligned
approximately beneath the surface trace of the Gira Fault,
may reflect wrench faulting of the subducted slab on the line
of the Gira Fault as the slab is dragged to the northwest.

Two isolated intermediate-depth earthquakes have been
recorded from beneath the Trobriand Platform, 130 km west
of the Trobriand Islands, but any relation to the Trobriand
subduction system is unclear.

Age of Solomon Sea Basin lithosphere

Most of the marginal seas and small ocean basins of the New
Guinea region opened by sea-floor spreading in the Tertiary.
For example, the Coral Sea Basin opened in the Palaeocene or
latest Cretaceous (Weissel & Watts, 1979; Symonds & others,
1984), and the eastern Bismarck Sea and Woodlark Basins in
the Pliocene (Taylor, 1979; Milsom, 1970; Luyendyk & others
1973; Weissel & others, 1982).

Similarly, the Solomon Sea Basin probably opened by sea-
floor spreading in the Tertiary, but there are insufficient
magnetic data over it to define any magnetic lineation pat-
tern, and there is a complete lack of direct evidence from drill-
ing and other sampling. Karig (1972) compared age, heat
flow, and water-depth relationships with those of other basins
and concluded that the Solomon Sea Basin opened in the
mid-Tertiary. Falvey & Pritchard (in press) have found
palaeomagnetic evidence for clockwise rotation of New
Britain in the interval 45-30 Ma ago, and concluded that the
Solomon Sea Basin may have opened by back-arc spreading
at that time.

A Cretaceous age was preferred by Davies (1971, 1980a;
Davies & Smith, 1971), who considered the Solomon Sea
lithosphere an offshore extension of the ?Cretaceous PUB
ophiolite. He proposed that the Solomon Sea and PUB
lithosphere were together a remnant of proto-Pacific
Cretaceous crust that became isolated from the Pacific by
younger arc-trench systems. This is similar to the model pro-
posed by Jacob & others (1977) for the origin of the Aleutian
Basin.

We have reviewed various lines of evidence, none of them
definitive, and conclude that the most likely age of the
Solomon Sea Basin lithosphere is late Palaeocene or Eocene,
60-40 Ma. A Cretaceous age is unlikely.

The approximate age of oceanic lithosphere may be determin-
ed from heat flow and water depth, using the relationships of
Parsons & Sclater (1977). Heat flow in the Solomon Sea Basin
is moderately high, and varies from 99 mW/m? in the north to
71 mW/m? in the south (Sclater & others, 1972; Halunen &
von Herzen, 1973). The average of six values is 84 mW/m? and
indicates an age of about 45 Ma. Average water depth is about
4500 m, which indicates a minimum age of 33 Ma. However,
the water depth may be anomalous because of flexure of the
Solomon Sea Basin lithosphere induced by subduction on
three sides.

Another means of estimating the age of oceanic lithosphere is
to determine its flexural response to stress; this is based on the
principle that flexural rigidity increases with age for oceanic
lithosphere (Watts, 1978), and with age following a major
thermal event for continental lithosphere (Karner & others,
1983). From a preliminary study of the flexure of Solomon
Sea Basin lithosphere, G.D. Karner (personal communica-
tion, 1984) determined an effective elastic rigidity of 10*° dyne
cm, and thus a minimum age of 65 Ma.



There is also an approximate empirical relationship between
age of subducted lithosphere, down-dip length of the Wadati-
Benioff zone, and convergence rate, as follows: Age (Ma) =
down-dip length (km) x 10/convergence rate (mm/yr)
(Molnar & others, 1979). For the New Britain Trench in the
New New Britain area, down-dip length is about 620 km and
convergence rate is in the range 9.2-12.5/cmyr (Johnson,
1979), giving an age for Solomon Sea Basin lithosphere of
70-50 Ma.

If the age of Solomon Sea Basin lithosphere is 60-40 Ma, as
we suggest, then sedimentation rates must have been
anomalously low. Our profiles show that in the centre of the
basin the total thickness of sediments is only 300-400 m,
which is equivalent to a sedimentation rate of 10 m/Ma or
less, one of the lowest rates recorded in this region even
assuming solely pelagic sedimentation (cf., van der Lingen &
others, 1973). By way of comparison, other small enclosed
basins near the Solomon Sea have recorded much higher
rates; e.g., the latest Cretaceous or Palaeocene Coral Sea
Basin has 2000 m of sediment, and the Pliocene East
Bismarck or Manus Basin, somewhat less than 300 m,
thickening to- 1000 m just north of New Britain (Tilbury,
1975). Perhaps the apparent low sedimentation rate is due to
long periods of non-deposition or to significant erosion by
bottom currents, but there is no evidence for this, such as
major unconformities or changes in reflection character, in
the Gulf seismic profile (Fig. 8). -

Geological history

Our interpretation of the evolution of the southern Solomon
Sea region is outlined in Figure 4 and summarised below:

1. The Papuan peninsula and nearby islands are probably
founded upon thick low-density crust that was rifted from the
Australian craton in the late Mesozoic and transported
northeastwards with the opening of the Coral Sea Basin in the
Palaeocene or latest Cretaceous (Davies, 1980a; Weissel &
Watts, 1979; Mutter & Karner, 1980; Symonds & others,
1984). .

2. The thick crust and associated sediments collided with a

south-facing volcanic arc in the Palaecocene-Eocene. The
volcanic arc was founded upon Cretaceous oceanic crust, now
preserved as the PUB ophiolite.

3a. If the Solomon Sea Basin lithosphere existed at the time
of collison, then subduction jumped northwards to beyond
the present boundary of the Solomon Sea, and there started
to form the volcanics that now are the basement of New
Britain.

3b. If, as seems more likely, the Solomon Sea Basin
lithosphere did not exist at this time, then we may postulate
that subduction flipped after collision to form a north-facing
arc-trench system immediately north of the south-facing
Palaeocene-Eocene volcanic arc. The Solomon Sea Basin
lithosphere then developed by back-arc spreading behind this

_arc (Falvey & Pritchard, in press).

4. A north-facing arc-trench system developed on the
southern margin of the Solomon Sea Basin in the late
Oligocene or early Miocene (on the line of the Trobriand
Trough), resulting in subduction-related volcanism and the
development of a fore-arc or intra-arc basin (Trobriand
Basin).

5. Subduction about New Britain was perhaps inactive in the
early and middle Miocene, a period of limestone develop-
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ment, and flipped in the Pliocene to form the present south-
facing arc. (Falvey & Pritchard postulate late Oligocene rather
than Pliocene reversal. We follow Kroenke, 1972, in linking
development of the New Britain Trench with the collison of
the Ontong Java Plateau and Solomon Islands volcanic arcin
the Miocene.)

6. During the Pliocene, both the eastern Bismarck Sea and
the Woodlark Basin started to open by sea-floor spreading
(Taylor, 1979; Milsom, 1970; Luyendyk & others, 1973;
Weissel & others, 1982). The resulting change in plate boun-
dary configuration may have caused the Trobriand Trough to
become inactive or decreased the rate of subduction.

7. The opening of the Woodlark Basin was accompanied by
rifting, and rift-related volcanism and rapid uplift in the
D’Entrecasteaux Islands, and resultant high-energy clastic
sedimentation in the Trobriand Basin.

8. As subduction of Solomon Sea Basin lithosphere con-
tinued through the Pliocene and Quaternary, the active
northern trench and the possibly inactive southern trench
converged in the west, causting imbrication of basin floor in
the west (structural province 1) and arching and rupturing
further east (structural province I).

9. Plio-Quaternary arching of the Solomon Plate caused
matching uplift in the upper plate, ie. uplift of the Huon
Peninsula above the west-plunging anticlinal axis of the
Solomon Plate (Robinson, 1973; Chappell, 1974, 1983;) and
uplift of southern New Ireland above the north-plunging
anticlinal axis of the Solomon Plate (Fig. 3), Complementary
grabens formed on the flanks of the upper plate horsts: Huon
Gulf chasm and Finsch Deep in the west, St George’s Channel
chasm and Feni Deep in the east. In each of the four small
extensional basins, and notably in the Huon Gulf chasm,
strike-slip movement also contributed to basin formation.

In this scheme of geological history, we postulate that the
older sub-basins of the Cape Vogel Basin, such as the
Trobriand Basin, developed by fore-arc growth or intra-arc
extension in the late Oligocene or early Miocene. Specifically,
the Trobriand Basin may have developed as an intra-arc basin,
for the sedimentary section within this basin includes middle
Miocene volcanics of possible arc-trenchorigin. From the late
Miocene onwards, the Trobriand Basin had a form more
typical of a residual fore-arc basin (Seely & Dickinson,
1977). Younger sub-basins of the Cape Vogel Basin (e.g.
Goodenough Basin) developed by rifting associated with the
opening of the Woodlark Basin in the Pliocene.

Southern boundary of the Solomon Plate

Neither the southeastern nor the southwestern boundary of
the Solomon Plate is clearly defined. The southeastern boun-
dary may coincide with the Woodlark Basin spreading ridge-
transform system (Luyendyk & others, 1973; Curtis, 1973).
But this plate configuration fails to account for the moderate
level of shallow seismic activity along the northern flank of
the Woodlark Rise (Fig. 11). Weissel & others (1982) have sug-
gested that the northern Woodlark Rise may coincide with a
line of transcurrent faulting that permits differential rates of
subduction of older Solomon Sea lithosphere and younger
Woodlark Basin lithosphere where they enter the New Britain
Trench subduction system, a model supported by a single
right-lateral strike-slip fault-plane solution from a Woodlark
Rise earthquake. Following on from Weissel & others, we
suggest that the Woodlark Rise may mark the trace of a
transform fault that is the southern boundary of the Solomon

_Plate and the northern boundary of a ‘Woodlark Plate’
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Figure 12. Speculative present-day plate boundary configuration in
the Solomon Sea region.

Stipple indicates a zone of deformation that could be considered as a ‘transi-
tional’ plate boundary. The names of new minor plates arising from this con-
figuration are shown in quotation marks (see text), and resulting triple junctions
are shown as TSW,SPW and WPI.

(Fig 12). The existence of this transform remains to be verified
by detailed survey. The supposed transform may extend west-
southwest from a trench-transform-transform (TFF) triple
junction just east of Woodlark Island, to intersect the
Woodlark Basin spreading ridge-transform system (Fig. 12);
this extension coincides with a linear zone of shallow earth-
quakes (Fig. 11) and is on the line of a fault mapped (Fig. 3)
from seismic reflection profiles. Ripper (1982b) shows a right-
lateral strike-slip solution for an earthquake towards the
western end of this lineation.

The southwestern boundary of the Solomon Plate is more
problematical. Most previous workers show a plate boundary
on or near the Papuan peninsula (e.g., Johnson & Molnar,
1972; Krause, 1973; Curtis, 1973; Taylor, 1975; as reviewed by
RW. Johnson, 1979). But no boundary in this area is easily
reconciled with surface geology, and none coincides with any
linear zone of shallow seismicity. In fact, shallow earthquakes
in this region are widely dispersed (Fig. 11} and represent
several different styles of seismic activity: earthquakes in the
southeast have mainly tensional focal mechanisms related to
the Woodlark Basin rift system, whereas those to the
northwest generally have strike-slip and thrust mechanisms
with maximum east-west compression (Ripper, 1982b).
Perhaps, as the distribution of earthquakes would suggest,
the plate boundary is a diffuse zone broadly coincident with
the Papuan peninsula. Such a boundary might develop
during a transition from convergence at the Trobriand Trough
to divergence or transform motion, linked with the opening of
the Woodlark Basin. This transition is reflected by the change
from island arc-type volcanism to intra-plate alkaline
volcanism (Smith, 1982).

Trobriand Trough: active or inactive?

Alternatively, the southwestern boundary of the Solomon
Plate may coincide with the Trobriand Trough, thus
delineating a ‘Trobriand Plate’ to the south (Fig. 12).
However, the evidence for continued convergence at the
Trobriand Trough is equivocal. Only a few significant shallow
earthquakes have been detected on the line of the Trough in
the past 18 years (Fig. 11), and the distribution of deeper
earthquakes does not define a clear south-dipping Wadati-
Benioff zone. However, there are scattered earthquakes at

51-100 km depth offshore from the Papuan peninsula, and at
101-150 km depth beneath the peninsula (Fig. 11).

The best evidence for continued convergence is in the seismic
reflection profile (Fig. 8), which shows the absence of sedi-
ment cover over the deformation front, and the adjoining
profile (Fig. 9), which shows apparently active faulting along
strike from the Trough.

Perhaps subduction is proceeding at a slow rate, and is
virtually aseismic. This possibility has been suggested for the
Cascades volcanic field of North America (Atwater, 1970;
Silver, 1971; McKenzie & Julian, 1971; Crosson, 1972;
Riddihough, 1977; Rodgers, 1979), and for southern Chile
(Herron & others, 1977) and the Lesser Antilles (Stein &
others, 1983). Aseismic subduction has also been discussed by
Kanamori (1977) and Kanamori & Ruff (1980).

The continuing andesitic volcanism on the Papuan peninsula
may be evidence of continuing convergence or merely a
residual effect from earlier subduction (cf. residual volcanism
in the South Shetland arc; Gill, 1981).

Like Hamilton (1979), Ripper (1982), and Ripper & McCue
(1983), we envisage the Solomon Plate as being a doubly sub-
ducted piece of oceanic lithosphere that has the form of a
westward-plunging arch. This is similar to the present-day
situation in the Molucca Sea (Silver & Moore, 1978). Ripper
& McCue (1983, fig. 6) presented a model illustrating the
collision of the Indo-Australian and South Bismarck Plates in
three stages, from the late Miocene to the present. Their
temporal model also illustrates our concept of the spatial
change in the form of the Solomon Sea Basin from east to
west: subduction of the Solomon Plate at both the New
Britain Trench and Trobriand Trough, accompanied by broad
arching and rupturing of the basin floor (structural province
I), corresponds to their late Miocene stage; crustal shortening
by both thrusting and subduction of the tightly arched
Solomon Plate beneath the 149° Embayment (structural
province 1) corresponds to their late Miocene-early Pliocene
stage; and transcurrent movement associated with the Huon
Gulf chasm (structural province I1I) and the Ramu-Markham
fault system corresponds to their present-day stage, in which -
the Indo-Australian and South Bismarck Plates have collided,
leaving the Solomon Plate as a suspended arch beneath the
collison zone.

Tectonic origin of regional unconformities?

The major unconformity recorded in the rocks of the
southern Solomon Sea region is in the late Eocene to early
and middle Oligocene. No sediments of this age are known,
and the hiatus coincides with a change from a predominantly
marine environment to an environment in which landmasses
emerged and volcano-sedimentary basins developed. The
unconformity coincides approximately with a latest Eocene-
early Oligocene unconformity recognised throughout much
of the southwest Pacific, both onshore (e.g., Australasian
Petroleum Company, 1961) and in the adjacent ocean basins
(e.g., DSDP 210 and 287 in the Coral Sea Basin, Burns &
others, 1973; Andrews & others, 1975b; Edwards, 1973,
1975b). It is the commonly held view that this is an erosional
unconformity caused by changes in direction and velocity of
ocean currents, and that the changes may be associated with
the development of a circum-Antarctic current (e.g., Kennett
& others, 1972; Edwards, 1973, 1975b) or other current-
related causes (e.g., Taylor & Falvey, 1977). We note the coin-
cidence of timing'of this unconformity and of major tectonic
events in southern Solomon Sea region, and elsewhere in
Papua New Guinea, and suggest that the two may be



connected. In other words, the latest Eocene-early Oligocene
regional unconformity may have been caused, in some way,
by tectonic events that were part of a significant reorganisa-
tion of plate-boundary geometry at the Indo-Australian/
Pacific Plate margin, and possibly elsewhere in the world
(cf., Schwan, 1980; Bally, 1980; Richardson & Rona, 1980).

Kutu volcanics

Other regional unconformities in the Palaeocene and early
Eocene are recorded in deep-sea cores (Andrews & others,
1975a; Edwards, 1975a). The lack of Palaeocene and early
Eocene fossil record in the MORB-type basalts of the Kutu
volcanics (KTv in fig. 2; Smith & Davies, 1976) may be simply
a reflection of these regional unconformities. Alternatively,
the Late Cretaceous and middle Eocene parts of the Kutu
volcanics may be unrelated. In the latter case, the Late
Cretaceous basalts may be part of the PUB ophiolite and the
middle Eocene basalts may have formed by sea-floor
spreading in the Solomon or Coral Seas, following the open-
ing of the Coral Sea Basin (Smith, 1976a, p. 43). The
Cretaceous and Eocene basalts may, then, have been jux-
taposed by convergent tectonism (e.g., see T.L. Johnson, 1979,
and Davies, 1980D, fig. 6).
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