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The Merlin kimberlites are located in the Batten region of the Northern Territory of
Australia, 800 km sontheast of Darwin, The kimberlites are in a 10 km by 5 km field on the
eastern side of the Batten Trough and occur in four clusters. None outcrop but eleven have
been found and it is probable that more remain to be discovered.

Two generations of pseudomorphed olivine are present and the nature of the olivines, the
matrix and the complex texture of the rocks are all typical of kimberlites. Well-developed
pelletal textures and the presence of xenolithic material show that some of the rocks are
diatreme-facies but a few samples have uniform groundmasses and appear to be hypabyssal
kimberlite,

Extensive alteration and the presence of xenoliths has affected the geochemistry of most
samples but the rocks are ultrapotassic (molar K/Na > 2) with a low TiO/K,O ratio, similar
to micaceous kimberlites and some phlogopite lamprophyres. The ratios Ni/MgO and
Fe(Q,/MgO are within the normal range of kimberlites and olivine lamproites. Nb/Zr is
exceptionally high, Macrocrysts include chrome-spinel, periodotitc garnmets and chrome
diopside. Megacrysts are absent.

Diamonds occur in all eleven kimberlites. Infra-red spectra of microdiamonds indicate that
there are three main time-temperature populations present and the size distribution and
range of morphologies also suggests several populations. Exceptionally high levels of
hydrogen are indicated by infra-red spectra for some of the diamonds.

Kimberlites, Australia, diamonds, chrome spinels, pyrope garnets

INTRODUCTION

The Merlin field of kimberlites was found in 1993 and 1994 by intensive exploration work in the Batten
region of the Northern Territory, Eleven kimberlites, named Excahbur, Palomides, Sacramore, Launfal, Kay,
Ywain, Gawain, Tristram, Garath, Ector and Bedevere, occur in four clusters within a 10 km by 5 km oblate
field. The kimbcrlites are small, thc largest being 125 m in diameter, Drilling has shown that the kimberlites
have an almost constant diameter to-a depth exceeding 100 m.

REGIONAIL, GEOLOGY

The Batten region is situated on the eastern side of the North Australian Craton (Fig, 1). The area south
of the western edge of the Gulf of Carpentarla is dominated by the Middle Proterozoic McArthur Basin which
extends over an area of 180,000 km? [1] and forms part of the North Australian Platform, Early Proterozoic
basement rocks include the Scrutton Volcanics which have been dated by U-Pb in zircon at 185730 Ma.
Cambrian age Bukalara sandstone, 30 to 100 m thick, overlies the McArthur Basin in much of the region and
frequently forms plateaux.

Cretaceous sedimentation has been widespread in the area but it is now largely removed for a distance
of 200 km south from the Gulf of Carpentaria coastline, The southern limit of the stripping is marked by a
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well defined escarpment which acts as a drainage divide, Streams to the south flow southwards, while those
on the north side of the scarp flow north to the Gulf of Carpentaria.

The major structural feature of the southern McArthur Basin is the Batten Trough, also known as the
Batten Fault Zone. The Batten Trough, bounded on the east by the Emu Fault and obscured to the west by
the Roper Group of sedimentary rocks, is a synsedimentary graben containing up to 10 km of McArthur Basin
sediments, The trough is a 70 km wide zone of extensive faulting, trending north northwest, The Merlin
kimbetlite field is intruded to the east of the southern end of the Batten Trough between two major faults,
the Emu Faylt and the Calvert Fault,

GEOLOGY OF THE KIMBERLITE FIELD

The eleven kimberlite pipes and associated dykes are intruded through Bukalara sandstone, Surface
expression is almost entirely absent as the pipes are covered by locally derived broken sandstone blocks and
sediments. In a few instances, a shallow depression can be seen at the surface but there is an abundance of
similar depressions in the surrounding countryside which are not associated with kimberlites.

Four clusters of kimberlites have been located in the field which is 10 km long by 5 km wide, Within the
clusters, the pipes are sometimes very closely spaced, being 100 to 200 m apart, The pipes are steep sided
and almost cylindrical in shape. Concentric fracturing in the Bukalara sandstone surrounds the pipes.

Some small brecciated zones of sandstone occur along narrow kimberlite dykes which extend outside of
the main field of kimberlites. More extensive brecciated zones of Bukalara sandstone occur adjacent to one
cluster of kimberlites, The brecciation is thought to have been caused by the emplacement of small dykes or
by explosive volcanism associated with the kimberlites as the brecciated zones are enriched in Ce, La and Nb
and contain small diamonds and kimberlitic chrome spinels.

Drill core shows that the kimberlites are overlain by a sequence of mudstones and fine to medium grained
sandstones, typically 20 m thick, Immediately above the kimberlite is a one metre thick layer of quartzite
boulders. Drill core samples from the kimberlites show that there is variation in texture, xenolith content and
the degree of weathering but most samples are typical of diatreme facies kimberlites. Some samples from a
depth of approximately 100 m in the Launfal pipe appear to be hypabyssal kimberlite but other samples from
a similar depth have the characteristics of diatreme facies kimberlite. Further drilling and sampling is necessary
before a complete description of the structure of the Merlin kimberlites can be given, An emplacement age
of 367+4 Ma has been determined from a single sample of drill core by Rb-Sr in mica age dating techniques.
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PETROGRAPHY

The rocks are difficult to investigate petrographically because of the extensive alteration which includes
carbonatisation, silicification, partial replacement by secondary sulphides, clay mineralisation and chloritisation,
The samples examined for this study were limited to threc pieces of drillcore from three bodies and five
composite drilichip samples from five bodies, A total of seven bodies were examined. The drillcore samples
derive from depths between 30-232.5 m while the drillchips derive from between 70 and 103 m,

All the rocks contain two gencrations of pscudomorphed olivine which include anhedral and often
rounded macrocrysts (up to 15 mm) as well as numerous smaller (<1 mm) typically euhedral phenocrysts.
Mica phenocrysts (up to 1 mm) are present in variable abundances, The mica occurs as lath-like grains which
are typically partially altered to green chlorite and distorted by the sccondary replacement processes. At
Excalibur, some of the mica phenocrysts were formed by two phases of crystallisation. Some of the earlier
clear cores have been overgrown by a late stage mica which poikilitically encloses fine grained spinel grains
similar to those that occur in the adjacent groundmass. The two phases of mica have slightly different optical
properties and probably have different compositions, The interstitial areas between the constituents described
so far often appear to be poorly crystalline. In most instances this feature, together with the alteration, make
strict rock type [after 2-4] and mineralogical [after 5] classifications difficult. Observed primary groundmass
minerals include mica, spinel, apatite, serpentine and carbonate (the latter at Ector, Excalibur and Palomides).
Possible groundmass monticellite pseudomorphs were observed at Kay and Ector, The nature of the olivines
and the mineralogy of the matrix is typical, or even diagnostic, of kimberlites and are not characteristic of
other rock types such as lamproites. This feature strongly supports the classification of these rocks as
kimberlites. Further support comes from the presence of significant quantities of diamond as well as
mantle-derived spinel, garnet and chrome diopside. Importantly, no features were observed which suggest that
these rocks are not kimberlites. Even though mica is common and ilmenite rare or absent, the nature of the
mica and the presence of abundant groundmass spinel and possible monticellite suggest that the kimberlites
are similar to Group 1 kimberlites,

Varied abundances and types of xenoliths are present in the drillcore samples. Extraneous material is
also common among the drill chips.The presence of occasional kimberlite skins on the extraneous fragments
indicates that some of the fragments were resident in the kimberlite, Some samples contain sufficient xenolithic
material to be classified as kimberlite breccias. The xenolithic material includes carbonates, quartzose rocks
and laminated fine grained sediments as well as igneous rocks such as granite and glimmerite, Some of the
xenoliths have been “kimberlitised”, sometimes beyond recogaition [6). The replacement material is varied and
the xenoliths also dxsplay zonal alteration,

The textures in the kimberlites are complex, very typical of kimberlites and, as in other kimberlites,
difficult to interpret [textures after 7-10]. A few rocks have uniform groundmasses and appear to comprise
hypabyssal kimberlites. More common are non-uniform textures. Irregular segregationaty groundmasses occur
in hypabyssal kimberlites at Excalibur (serpentine with minor carbonate) and Ector (carbonate). Otber rocks
have well developed pelletal textures (Fig, 2). Most of the pelletal structures comprise a single olivine or mica
grain surrounded by a thin rim of very fine grained material. In a few instances probable microlitic textures
were observed within the rims. The interclast matrices of these rocks appear to be composed of serpentine
with rare microlitic textures while carbonate is absent, These textures are a hallmark of diatreme-facies
kimberlites, Such rocks can be described as pelletal tuffisitic kimberlite (breccias). Although difficult to discern,
the probable microlites appear to be composed of mica (in Launfal, Gawain and possibly Bevedere).
Clinopyroxene is more typical of diatreme-facies kimberlites elsewhere, so this feature seems somewhat unusual,
In one sample (from Gawain) pelletal textures are not developed and the rock appears to be composed of
single grains of olivine and the rock is classified as a tuffisitic kimberlite breccia. There is no evidence to
suggest that any of the samples classified as tuffisitic kimberlites are crater-facies rocks.

At Palomides, in addition to the thin rimmed pelletai lapilti just described, all the rocks examined contain
common coarser (up to 10 mm) spherical structures giving the rocks a distinctive appearance (Fig. 3). These
structures are composed of a kernel of olivine or a xenolith with a thick (up to at least 5 mm) dark grey
kimberlite selvage. Other similar structures may have no apparent kernel. The selvages are composed of olivine
phenocrysts, mica, possible primary carbonate laths in a matrix of serpentine and carbonate, The groundmass
in the selvages probably crystallised rapidly. The interclast areas are composed of serpentine and variable
amounts of carbonate. The paragenesis of carbonate is notoriously difficult to determine and it is not clear if
any of the carbonate in these rocks is primary. The larger spherical structures and any primary carbonate,
especially in the interclast areas, are more typical of globular segregationary hypabyssal kimberlites while the
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Fig. 2. Gawain pipe. The pelletal textures shown here are typical of
diatreme-facies kimberlites. The pelletal lapilli are composed of light _
colored olivine pseudomorphs with groundmass rims that probably
have microlitic textures, The interclast matrix is composed of probable
serpentine, Field of view is equal to 1.6 mm,

Fig, 3, Palomides pipe. The lapilli-like structures are coarser than that shown
in Fig, 2, They are composed of abundant olivines (o), a carbonised xenolith
(x) and dark groundmass, The latter contains common fine Iaths of carbon.
ate, The olivines include both anhedral macrocrysts (m) and more common
smaller phenocrysts, The olivines have been pseudomorphed by light colored
serpentine (o) or carbonate and a few macrocrysts (m); some dark secondary
material is also present, The interclast matrix is composed of a mixture of
carbonate and serpentine. Field of view Is equal to 10 mm.

smaller pelletal lapilli are more typical of diatreme-facies kimberlites, It is possible that the larger structures
formed either (i) during diatreme formation or (ii) earlier during ascent in a more hypabyssal-like environment
and then were carried through into the final fluidisation process during diatreme formation.

A sample from Kay is composed of more uniform fragments of kimberlite set in a carbonate-rich matrix.
None of the features typical of diatreme-facies rocks are present in this sample but there is insufficient evidence
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“to determine whether the sample derives from the hypabyssal or crater-facies. Given the nature of the other
samples from this province, the latter option seems unlikely.
The classifications of the samples are given by occurrence below:

Bedevere: Possible diatreme-facies kimberlite (rather than hypabyssal),
Ector: Hypabyssal macrocrystic kimberlite with a segregationary groundmass.
Excalibur: Altered probable hypabyssal mica-bearing kimberlite, and a relatively fresh hypabyssal

macroctystic segregationary serpentine phlogopite kimberlite (this sample shows similarity to
the hypabyssal kimberlite from Launfal).

Gawain: Tuffisitic pelletal kimberlite (breccia) and tuffisitic kimberlite breccia, both of the diatreme-
: facies,
Kay: Serpentine phlogopite kimberlite which may be derived either from the hypabyssal or
crater-facies (former considered more likely).
Launfal: Hypabyssal spinel-bearing mica kimberlite (with somewhat unusual features) and probable
) pelletal tuffisitic kimberlite breccia of the diatreme-facies.
Palomides:  Probable diatreme-facies pelletal tuffisitic kimberlite (breccia).

ANALYTICAL METHODS

" Geochemistry. Whole-rock geochemistry results were obtained by Analabs Pty Ltd, Perth, Major clements
were analysed by glass fusion XRF, Zu, Zn, Ga, Rb, St, Y, Pb, Ba, La, Ce and Th by ICPMS, Ni by AAS
and V, Cr, Zr and Nb by pressed powder XRF. FeO was determined by titration methods and LOI and H,O
by gravimetric methods,

Mineral analyses were determined at the Electron Microscopy Centre, University of Western Australia,
Major and minor constituents were determined by EDS analysis using the Centre’s JEOL 6400 SEM, fitted
with a Link Analytical Si (Li) detector and MCA, The SEM was operated at 15 kV, with a beam current of
3 nA. Each mineral was examined using secondary and backscattered electron imaging to avoid inclusions,
exsolution, reacted prodicts and artifacts. Spectra were collected for sixty seconds live time, and intensities
of characteristic lines were calculated from these using the “PIBS” technique of Ware, 1981 [11]. Intensities
obtained in this way were compared with data from reference standards.

Age dating for a single sample of rock was carried out by AMDEL Limited, of Frewville, South Australia,
Standard sampic preparation techniques were used to concentrate phlogopite, Rb and Sr concentrations and
the Sr isotopic ratios were determined using a Finnigan MAT261 mass spectrometer. _

Infra-red spectra were obtained for some microdiamonds by using a Bruker FT infra-red spectrometer
with a Nikon microscope and motorised drive.

Isotopes. Carbon isotopic compositions of the diamonds were measured using sealed tube bulk combusted
platinum or quartz buckets, with approximately 5 mg of high purity CuO powder (Specpure, Johnson Mattheu,
Royston, England) added prior to evacuation to 10™ millibars or better, inside a 6 mm (id) %4 mm (id) quartz
tube. A length of about 5 cm of tube containing the bucket and its contents was then sealed under vacuum
with a H,0, flame to give an ampoule of approximately 2 ml volume,

Each specimen was combusted overnight at 1000 °C before cooling to 600 °C for analysis. Carbon dioxide
produced was extracted from the ampoule by cracking this inside a vacuum line and purified cryogenically by
trapping at ~196°C and releasing again at ~130 °C. The amount of carbon dioxide was quantified using a
capacitance nanometer and the yield checked against the known weight of the starting samples. Any analysis
with a yield error greater than 2% was discarded, The CO, was then isotopically measured on a SIRA 24
mass spectrometer against a working standard prior to calculation of the results to the PDB scale. Isotopic
data obtained are subject to errors of less than £0.05%.

GEOCHEMISTRY

Extensive alteration of the kimberlites and contamination by xenoliths has affected the geochemistry of
most samples. One sample of carbonatised rock from Palomides and a drillcore sample from a depth of 248 m
in Excalibur have a low ilmenite index <47 {lmenite Index = (FeQ, + Ti0,)/(2 K,0 + MgO)] that falls
within the range of relatively unaltered kimberlite [12]. The trace element ratios of these samples should,
therefore, provide a reasonable basis for comparison with other kimberlites so that the geochemical affinities
of the Merlin kimberlites can be established.



Russian Geology

and Geophysics Vol. 38, No. 1
Table 1
Comparison of Key Geochemical Ratios for the Merlin Rocks and Average Kimberlite/Related Rocks
Rati Merlin Aries Egg }::)l_l Koidu | Group I | Group II | Olivine
atio Palomides | Excalibur kimberlite phyﬁ‘e kimberlite | kimberlite | kimberlite | kimbexrlite
FeO,/MgO 0.43 0.36 0.40 0.36 0.34 032 0.30 0.33
Ni/MgO 39 41 61 48 42 40 49 34
TiOy/K,0 0.28 0.16 0.48 0.22 127 170 0.42 0.84
K/Na* 5 52 3 5 9 2 10 6
(P,05/Ce)- 10* 20 16 9 13 18 58 33 34
Nb/Zr 3.7 35 42 0.9 1.7 1.1 0.48 0.2
Ba/Rb 17 9 12 9 24 26 19 20
Nb/La 1.3 0.7 1.7 13 14 18 0.7 0.8
Note. Global kimberlite and related rock averages are from Taylor el al [12]. -
*Molar ratio,

Table 1 lists the key geochemical ratios for the Mexrlin kimberlite sample and the ratios for average
samples of kimberlites and related rocks elsewhere. The Merlin rocks have an ultrapotassic composition (molar
K/Na >2) with a low TiOy/K,O ratio similar to micaceous kimberlites and some phlogopite lamprophyres
such as that from Bow Hilf [13]. The Ni/MgO and FeO/MgO ratios are within the range of kimbetlites and
olivine lamproites, indicating that the rocks are derived from a primitive mantle source. The P,O¢/Ce ratio
for the least altered samples is lower than that of South African Group I or IX kimberlites but similar to that
of the Koidu and Aries kimberlites (Fig, 4).

A usoful geochemical indicator is the Nb/Zr ratio because Nb and Zr are not strongly susceptible to
alteration and these elements tend to be diagnostic of a particular mantle source. For the Merlin kimberlites,
Nb/Zr is very high (Table 2), having a value close to that of the Aries kimberlite (Fig. 4). The high Nb/Zr

ratio clearly indicates that the Metlin kimberlites do not have geochemical affinities with oivine lamproites
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Fig. 4. Discriminant plot based on trace element ratios that have strong source-diagnostic charac-
teristics, Field plotted from the kimberlite/lamproitic database KIMDAT [12] to cover >90% of
the data points for each chemically distinct kimberlite/lamproite group. The least altered Mer-
lin kimberlites (contamination indices <1.7) are most closely allied to the Aries kimberlite. A
probable alteration-only trend (alt?) toward higher P,04/Ce, and a crustal contamination plus
alteration trend (cont?) toward higher P,04/Ce plus lower Nb/Zr are indicated by arrows,
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Table 2
Merlin Kimberlite (Least Altered)
Palomides ' Excalibur
Carbonatised Olivine-mica
Component olivine-mica rock volcanic rock
Sample No. BB130 | Sample No, BB113
(depth 71.72 m) (depth 248.10 m)
Si0, 28,00 30,10
TiO, 0.45 0.52
ALO, 3.64 430
FeO, 7.86 8.10
MnO 0.10 0.15
MgO 16.56 20.30 -
CaO 20.43 13,90 '
Na,O 0.19 0.04
K,0 1.58 317
P,05 0.49 0.51
LOI 19.38 18.18
Total 98,68 99.27
C. L 161 1.29
Ilm. 1. 038 0.29
Trace clements (ppm)

Sc — 12
v 59 80
Cr 938 1200
Ni 644 842
Co : - 606
Zn 137 50
Rb ' 174 _ 310
Sr 1250 1100
Y 10 11
Zr 64 55
Nb _ 238 190
Pb 4 -
Ba 2950 2660
La 181 260
Ce 241 330
Th 51 -

(such as Argyle) or Group II kimberlites. Other ratios such as low Ba/Rb and high Nb/La are also characteristic
of an Aries signature.

In conclusion, the Merlin kimberlite have geochemical features that indicate they are allied with the Aries
kimberlite and Bow Hill lamprophyres in the Kimberley region of Western Australia, The kimberlites were

evidently generated from a geochemically anomalous deep mantle source that underlies parts of the North-
Australian Craton.
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MINERAL CHEMISTRY

A large proportion of the minerals originally present in the kimberlites has been destroyed by alteration
and can now only be secen as pseudomorphs in polished thin sections, Samples of rock extracted by
Rotary-Air-Blast drilling were processed to extract mineral concentrates which contain chrome spinel, garnet,
chrome-rich clinopyroxene, apatite and sulphide, Minor amounts of galena, sphalerite, iron sulphides and
zircon, probably derived from local crustal rocks, are also present.

Chrome spinels, Chrome spinels dominate the mineral assemblage. They are common in all Merlin
kimberlites with the exception of Bedevere which has only a few macrocrysts. Representative major element
analyses for the spinels are presented in Table 3, The spinels have chrome contents varying from 20 wt,%
Cr,04 to 70 wt.% Cr,04 but in most pipes there is a dominant group with chrome content in the range 50 to
65 wt.% Cr,Os. A lesser group with 30 to 40 wt.% Cr,0; also occurs,

The morphology of the spinels varies from euhedral to highly irregular and the maximum size is
approximately 1 mm, There appears to be no correlation between the morphology and chemistry of the spinels,

Figure 5 illustrates the chrome vs magnesium content of Merlin chrome spinels. Some of the spinels with
high chrome content have compositions similar to spinels in diamond bearing xenoliths elsewhere in the world.
A few have compositions comparable with diamond inclusion spinels [15],

Giarnets. Small quantities of pyrope garnet are present in the Merlin kimberlites, It i is believed that most
of the garnets have been destroyed by weathering near the surface but they occur frequently in drill core from
depths of 50 m or more in some of the pipes. Representative major element analyses are shown in Table 4.

Figure 6 illustrates the range of CaO and Cr,O4 in the Merlin garnets. Most are lherzolitic but low
calcium, high chrome harzburgitic garnets do occur,

Clinopyroxene. Bright green chrome bearing clinopyroxene, in the form of discrete, rounded grains (0.4
mm), were recovered from Kay and representative major element analyses are listed in Table 3. The
clinopyroxenes have low Al,O; (0.86 to 2,16 wt.%) and high chrome content (1.08 to 2.94 wt.%), similar to
Cr-rich megacryst clinopyroxenes from kimberlites elsewhere. :

Diamonds. All eleven Merlin kimberlites contain diamonds, Ten to twenty tonne samples, extracted by
large diameter drilling, have been processed and +1 mm diamonds obtained. One thousand tonne samples
from the pipes Palomides and Sacramore have also been processed and suites of diamonds, with a size range
from 0.01 carats to in excess of 5 carats (10 mm) were recovered, Further sampling is to be carried out by
removal of overburden and trenching, The diamonds have not been systematically described, however,
dodecahedra and more extensively resorbed forms are present in approximately equal proportions. A few are
unresorbed octahedra and the precentage with visible evidence of plastic deformation is relatively low. Some
. cube and resorbed cube diamonds occur, mainly in the smaller sizes. The cube forms include some bright
yellow diamonds with extensive resorption and etch channels,

Microdiamonds. Microdtamonds (0.1 mm to 0.8 mm) are abundant in the Merlin kimberlites and exceed
six per kilogram in some samples, The microdiamonds are predominantly clear, colourless octahedra and
macles, In the smaller sizes (<0.2 mm), the proportion of cubes, resorbed. cubes and irregular rounded
diamonds increases. The irregular rounded microdiamonds are often opaque. and poorly crystalline with
numerous inclusions and flaws. There is a very large discontinuity in the size distribution at 0.2 mm. For
example, of 1,402 microdiamonds extracted from a sample of Merlin kimberlite, 1,194 were >0.1 mm <0.2 mm,
The remaining 208 >02 mm diamonds are distributed in a more normal way, declining in number with
increasing size (Fig. 7).

IR spectra were obtained for 40 microdiamonds from the pipes Excalibur, Palomides and Ywain, and
the spectral data for 40 Excalibur microdiamonds is listed in Table 5. The nitrogen content and aggregation
state is highly variable. It includes diamonds with less than 250 ppm nitrogen and a very high aggregation state
and diamonds with over 1,000 ppm nitrogen and no laA/laB aggregation. The variation in nitrogen content
and aggregation state for the diamonds suggests that at least three populations are present. One golden yellow
specimen contained a small percentage of nitrogen in the Ib form indicating it represents a very young diamond
and/or one that formed under low temperature conditions (< 1,000 °C).

Microdiamonds from Palomides have a wide range of nitrogen concentrations, ranging from a few ppm
to 2,000 ppm. Three specimens with over 1,500 ppm nitrogen have exceptionally high hydrogen concentrations,
while other microdiamonds have none, This suggests at least two populations are present.

The microdiamonds from Ywain also have wide variations in nitrogen and hydrogen contents.
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Table 3
SEM-EDS Analyses of Representative Range of Spinels from Merlin Kimberlites
Oxide 1 2 3 4 5

TiO, 0,16 0.22 0.65 0.29 1.00
Al,O4 11.6 3.40 537 3716 12.8
Cr,04 59.0 679 62,9 272 38.0
Fe,04 1.59 1.53 3.0z 386 20,1
V504 0.33 0.22 0.34 0.20 0,13
FeO 144 14.2 17.1 18.4 16.4
MnO 0.00 0.00 0.37 .00 0.29
MgO 12.8 121 10.50 12,9 11,7
NiC 0.00 0.00 0.00 0.38 028
Total 99.8 99.4 99.9 100.3 98.8
Mg# 61.2 60.2 522 55.5 56.0

Table 4

SEM-EDS Analyses of Representative Range of Pyrape Garnets and Two Clinopyroxenes

Oxide 1 2 3 4 5 6 7
Sio, 416 40.7 414 422 4.7 558 55.1
TiO, 0.00 0.00 0.00 0.16 0.00 0.00 0.00
ALO, 166 14.5 143 21.1 173 2.14 0.86
Cr,0, 8.54 119 10.4 1.88 6.58 2.39 1.51
Fe,0, 172 0.82 3.13 198 3.09 0.68 1.0
FeO 5.49 7.26 475 779 413 173 1.46
MnO 0.28 0.38 0.28 0.16 0.00 0.00 0.00
MgO 22.4 183 20.4 18.2 219 168 17.2
Ca0 261 6.65 5.53 7.20 4.14 182 21.1
Na,0 2.54 148
Total 9927 | 10045 99,91 100.55 99,52 100.27 99,84
Mg# 87.9 818 88.5 80.65 90.4 94.5 95.4

Note, 1§ — pyrope garnets; 6 and 7 — chrome clinopyroxenes,

A significant number (50%) of the microdiamonds from Merlin kimberlites are composite stones (twins
or aggregates) indicating multiple nucleation and hence a relatively abundant supply of carbon, Twenty percent
contain inclusions.

Quantitative analysis of the nitrogen data indicates that there are three main time-temperature populations
of microdiamonds (Fig. 8):

@ a cool and/or young population of mainly pure type IaA stones (nitrogen aggregation temperatures —
T(NA) ~1025 °C for 1.65 Ga residence in the mantle);
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(i)  a moderate temperature popu]ation of type [aAB diamonds (T(NA) ~1100-1500 °C for a 1.65 Ga

residence time) with platelet intensities (type-M behawour) consistent with these T(NA) values. Some
of these diamonds such as EC-08 show strong zonation;
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Fig, 8. Ector pipe diamonds, Northern territory, Australia, ¢ — Nitrogen
concentration; b — temperature histogram for tyz = 1.65 Ga.

(iii)  a population of high temperature diamonds (T(NA) ~1200 °C for a 1.65 Ga residence time), again
with platelet intensities consistent with these temperatures (type-L and type-K behaviour), Type II,
i.e. nitrogen free diamonds were not common in the microdiamonds studied (2 out of 40).

The nitrogen aggregation temperature, T(NA), for one yellow type 1b - 1aA microdiamond was calculated
to be 847 °C if a mantle residence time of 1.65 Ga is assumed, This suggests that diamonds of this type in the
Merlin kimberlite have had a much shorter residence time in the mantle than 1.65 Ga and perhaps have an
age much closer.to the kimberlite eruption age.

An unusual feature of some of the microdiamonds is the exceptionally high level of hydrogen. This is
revealed in the IR spectra (Fig. 9). The high hydrogen levels are usually in diamonds with low levels of nitrogen
aggregation,

Carbon and mtrogen isotope measurements were made for eight microdiamonds from the Ector pipe.
The 13C signature is lighter than that for average peridotitic diamonds worldwide (Fig. 10).

The temperature histogram (Fig. 8), the variety of microdiamond morphologies and the major deviation
from a normal size distribution at 0.2 mm (Fig, 7) all suggest that several populations of diamonds are present
in the Merlin kimberlites,

CONCLUSIONS
The Metlin kimberlites are predominantly diatreme facies kimberlites with some hypabyssal material

present at depth. They are geochemically similar to the Aries kimberlite and the Bow Hill lamprophyres in
Western Australia. The kimberlites contain lherzolitic and harzburgitic rocks from a deep mantle source
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Fig.10.a — 813C vs 815N diagram showing isotopic composition of diamonds from the Ector pipe in relation to
the low 313C and the high 815N fields for octahedral diamonds from Argyle, Arkansas and various South
African pipes; the field of diamond “coat” (Boyd and Pillinger, 1994); and the isotopic composition of SiC
(moissanite) from the Aikhal kimberlite (Marthez et al., 1995). The Ector diamonds have 3!3C compositions
that are generally lighter than peridotitic diamonds from worldwide sources and have 315N composition that
are intermediate between the low and high 813C groups suggesting the C and N in the Ector diamonds
originated by mixing between two distinct resevoirs: a mantle component and a recycled crustal or SiC-derived
component. There are no obvious correlations between 613C, 315N and IR spectral type of the diamonds, One

type 1Ta diamond (<10 ppm N), not able to be shown in “a”, has a 413C isotopic composition of ~7.7%. b —
813C histogram,
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region and appear to contain several populations of diamonds. Further studies are required to confirm the
diverse nature of the diamonds.
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