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ABSTRACT

The Cowell Jade Province, 20 km north of Cowell, is Australia's premier source
of high-quality jade.  Since discovery in 1965, by Mr H.A. Schiller, 116 separate
jade outcrops have been identified.  Inferred resources of jade to 10 m were
estimated to be 80 000 tonnes in 1987.

Detailed mapping between 1982 and 1987 of 48 jade outcrops has clearly
identified many of the factors which control nephrite formation.  Geological
investigations included diamond drilling of three jade outcrops and 2 ornamental
marble prospects.

Country rocks are Early Proterozoic, Hutchison Group sediments apparently
from: banded calc-silicate gneiss at base of Warrow Quartzite, Katunga
Dolomite, and carbonate facies of ?Lower or Upper Middleback Jaspilite.  In all
cases, host rocks are dolomitic marble and massive M1/M2 diopside.

Nephrite formed by several mechanisms:

- Metasomatism of dolomitic marble along D4 fractures.
- Metasomatism of dolomitic marble along the margins of ?early-

D4 pegmatite.  Pegmatite also metasomatised to produce two
characteristic styles of hybrid pegmatite.  Emplacement is not
along the main set of D4 joints and dissolution planes.

- Retrogression of massive M1/M2 diopside.

Nephrite is often foliated with a partly-sigmoidal S4 foliation interpretable in
terms of simple shearing during D4, but with varying degrees of intensity and
sense of movement.

INTRODUCTION

The Cowell Jade Province, of about 20 km2, is located 20 km north of Cowell and contains 116 known

separate nephrite jade outcrops.  With inferred resources of 80 000 tonnes to 10 m depth, the deposits are of world

significance.  The potential has been recognised since discovery in 1965, but a thriving local jade industry is yet to be

established.  Government assistance has included several mapping, drilling and trial mining programs.  This report

presents detailed mapping, drilling and petrography of 48 jade outcrops, one talc deposit and three possible deposits

of ornamental green and white marble, from the 1982-1987 mapping program.
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In January 1987, Cowell Jade Pty Ltd became a public company and changed its name to Gemstone

Corporation of Australia Ltd, which was listed on the Australian Stock Exchange in October 1987.  As at December

1988, all 22 Mining Leases were held by the Gemstone Corporation.

Terminology of jade has been a source of confusion.  The term, JADE, has been used for both the

amphibole and pyroxene varieties, nephrite and jadeite, as well as for simulants (Hobbs, 1982).  Jade at Cowell is

NEPHRITE.  For the purpose of this report, the term jade is used in a general sense and to denote outcrops e.g. Jade

Outcrop No. 69.  However, outcrops invariably contain material with a range of quality and texture.  Terms used

specifically to denote grades in this report are:

- nephrite

- semi-nephrite

- massive tremolite (coarse-grained) grading to tremolite schist,

These terms are used qualitatively as the range of material is transitional from one class to another.  Nephrite is the

highest grade of material, being suitable for polishing and use in high quality carvings of jewellry. Some semi-

nephrite can be used in applications such as carvings, bookends, paper weights etc.  Massive tremolite is coarser

grained, occasionally microscopic grain size, but usually visible to the naked eye, is opaque and does not take a good

polish.  Tremolite schist is strongly foliated, coarse grained, parts readily along the schistosity and has limited

gemmological application.  Additional petrographic terms, are used to describe microscopic texture such as sheaves,

mat tremolite, wispy tremolite, shred-like tremolite, schistose tremolite and porphyroblastic tremolite.  These terms

are used independently of the mineralogical classification and do not imply any specific grade.

No attempt was made to quantify the percentage of each grade of material outcrops mapped, as material

quality shows considerable variation even on the scale of a few centimetres.  Experience in New Zealand, Canada

and Taiwan indicates that only about 10% of jade boulders collected or mined is of nephrite grade. (Leaming, 1978;

Tan et al., 1978; Barnes et al., 1987 and 1988).  Assessment of jade reserves (Barnes et al., 1986) assumed 26%

saleable as various grades with the remainder classified as `seconds and ornamental'.  That figure is now considered

optimistic.

Many of the colours for jade and ornamental marble are accurately recorded by use of Munsell colours

hence hue, value and chroma or saturation are detailed e.g. jade may range from greyish-green (5G 5/2) to dusky

green (5G 3/2).  Where no Munsell colour is noted then the colour terms used (e.g. dark green, grey-green, green-

black and black) are informal and only approximate.
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PREVIOUS INVESTIGATIONS

The S.A. Department of Mines and Energy (SADME) has conducted geological investigations at Cowell

since the discovery, in late 1965, of nephrite by local farmer and prospector Mr H.A. Schiller.  Nephritic jade was

first identified by AMDEL report MP 633/67, 11 October 1966, a copy of which is included as Appendix A.  The

discovery outcrop was later designated Outcrop 42.

Prior to the discovery, the area subsequently identified as Outcrops 37 and 38 was mapped for ornamental

marble by Steel in August 1965, but jade was not observed (Steel, 1967).  Mason (1968, 1970) re-examined the site

in 1968 following a request for geological assistance from Mr Schiller.  At that time, the nephrite outcrops had been

identified and polished samples of marble and jade had been shown to potential buyers.

The period from discovery to 1973 involved disputes and changes in tenement ownership rather than

development of the jade industry.  Details are recorded in Olliver (1984).  Geological investigations during this

period included diamond drilling of 14 holes by Analytical Exploration Pty Ltd (Hopwood, 1970; Hopwood and

Coles, 1971) and by Centamin N.L. in 1973.  Some of the early mineralogical/chemical investigations are detailed in

Appendix B and SADME Envelope 5209.

The main phase of Government involvement began in 1974 and followed a request from the Premier's

Department for SADME to evaluate the potential of the area for commercial production.  Nichol (1974 a & b, 1975,

1977) geologically mapped the province, identified 91 individual outcrops of jade and reviewed the origin, quality,

mining and processing of jade.

The next involvement was in 1976 when a trial mining program was conducted, in association with carving

at the O'Halloran Hill College of Further Education, to evaluate the range of colours and textures (Scott et al., 1978).

 The carvings and jewellery were purchased by SADME for promotional displays.  Funds for the program were

supplied by the Director of Development.  Total outcrops identified had increased to 100.

In 1979, the Miltalie jade deposit, 11 km northwest of Cowell was investigated (Scott, 1983).  This is the

only known significant jade outcrop outside of the Cowell Jade Province.  Another prospect at Ullabidinie, 9 km west

of Cowell, is at best only semi-nephrite, but provided important data on the structural and metamorphic controls to

jade formation (Parker, 1981).  All previous geological investigations are summarised in Barnes et al. (1980).

In an attempt to rationalise the industry in 1980, an area of about 20 km2 comprising sections 111, 116 and

123 and including a road reserve were reserved from Parts IV to VIII of the Mining Act.  Tenure was effectively

restricted to 30 leases.  Following cancellation and lapsing, current Mineral Leases (MLs) total 22 and are held by
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the Gemstone Corporation of Australia Ltd.  Reservation of this area prevents pegging of new Mineral Claims

(MCs) and granting of Exploration Licences (ELs) and remains in force at the time of writing.

This investigation commenced in September 1982 with detailed mapping, surveying and diamond drilling of

numerous jade outcrops (including all quarries) and possible deposits of ornamental green and white marble. 

Geological mapping was assisted by:

- Mohammed Sahl, Mohammed Rehaili and Abdulazziz Ziab of the Directorate General of Mineral

Resources, Jeddah, Saudi Arabia in 1982, and

- Wilher Simandjuntak, Andi Sulaeman and Sumitra Atmanwinata of the Directorate General of

Mineral Resources, Bandung, Indonesia in 1987.

A total of 116 individual jade outcrops are plotted on Figure 1.  Production of all grades of jade to

December 1988 totals 1 513 tonnes (Fig. 2).

This report documents the detailed observations at 48 outcrops where many of the factors which control

jade formation are now well established.  Previous geological investigations are included where appropriate, but in

many cases full details are available only in the original reference.  This report concentrates on mapping data and

petrography and briefly discusses chemical aspects of jade formation.  XRD data are detailed in Appendix D with

petrographic descriptions for SADME samples collected from the area since 1980 in Appendix E, including

descriptions by Farrand (1985) of samples from DDH 14 at Outcrop 15.

Progress review reports were compiled as Flint et al. (1984), Flint (1988) and Flint and Dubowski (1988). 

Diamond drilling of DDH 1-17 was compared with surface geology in a paper presented at the 8th Australian

Geological Convention (Flint and Dubowski, 1986).  Jade reserves were re-assessed in 1986 (Barnes et al., 1986). 

An extensive bibliography of nephrite jade (Flint and Dubowski, 1987) was prepared as part of a world review of the

geology, production and reserves of nephrite jade (Barnes et al., 1987 & 1988).  New scanning electron microscope

(SEM) and transmission electron microscope (TEM) data from the CSIRO are partly compiled in Flint et al. (1989).

However, this report does not include all data from the 1982-1987 program and uncompiled data include:

- 1:10 000 mapping of the Cowell Jade Province

- illustration of petrographic features by photomicrographs

- additional outcrops mapped and sampled but not surveyed

- additional SEM and TEM studies by Hans Jaeger, CSIRO - Melbourne.  This is partly available as

SADME Slide Nos. 36656-36675 and in Flint et al. (1989).

- Some samples included in tables 1 and 2 which have not been described or located on the plans. 
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GEOLOGICAL SUMMARY

Detailed descriptions of site geology, including lithology and structure for the 48 outcrops examined in detail

comprise Appendix G in Volume II of this report.  Dates of mapping are given in the Geological maps, stereorgaphic

plots and logs of diamond drill holes are presented on plans which comprise volumes III and IV. Locations of the

jade and marble outcrops and geological maps and tenements are shown on figure 1 in this volume.  A schematic

representation of fold styles and geochronology as presented on figure 3 in this volume.

The following geological summary has been compiled from the large amount of data presented in volumes

II, III and IV.

Host rocks to nephrite at Cowell are dolomitic marble, massive diopside and banded calc-silicate gneiss of

the Early Proterozoic, Hutchison Group.  Jade is apparently developed at several stratigraphic horizons - basal

banded calc-silicate gneiss unit of Warrow Quartzite, Katunga Dolomite and dolomitic facies of Middleback

Jaspilite.  Most of the jade outcrops are hosted by dolomitic marble and massive diopside within the calc-silicate

gneiss unit at the base of Warrow Quartzite.

High-grade metamorphics and abundant migmatites were produced during the first and second

deformational events (D1 and D2) of the Kimban Orogeny.  In dolomitic marble, typical first-phase metamorphic

assemblages consist of coarse-grained dolomite, forsterite, diopside and calcite.  Massive monomineralic diopside

rocks were also formed.  During D2 isoclinal folding, M2 assemblages were very similar to or  of slightly lower grade

than M1 assemblages, with partial replacement of diopside by tremolite.  Coarse-grained tremolite schists are

occasionally found as precursors to jade and were probably formed either during D2/M2 retrogression or

subsequently during D3.

Retrogression was extensive during the third deformation (D3) - a phase of macroscopic and mesoscopic

folding and mylonitisation.  Axial planar structures consist of schistosities, crenulations and locally a mylonitic

schistosity.  Mylonite zones were mapped near Outcrops 9-12 and 55 but are more extensive and common. 

Stratigraphic interpretations are complicated, not only by the complex interaction of D2 and D3  folds, but also by

abundant small blocks of stratigraphy separated by mylonite zones.

Retrograde reactions in dolomitic marble during D3 involved extensive serpentinisation of olivine and partial

uralitisation of diopside.  Calc-silicate interbeds were partially converted to assemblages containing combinations of

epidote, zoisite, clinozoisite, chlorite, tremolite and actinolite, as well as phlogopite.  D3 retrogressive assemblages

are, in places, mylonitised.  Many, but not all, nephrite lenses are found within extensive zones of D3 retrogression,

even though nephrite formation was later.  Such preconditioning is also often found overseas for jade lenses within

serpentinised ultramafics.
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Later broad cross-warping during D4, about 1600Ma, also produced narrow zones of intense D4 strain with

widespread jointing, fracturing and displacement (Plates 9-14 and Figure 3).  Dykes of porphyritic adamellite and

pegmatite were also emplaced during early D4 and are in turn jointed and folded during D4.  Metasomatism of

dolomitic marble and massive diopside adjacent to these long, linear, fracture zones and pegmatite dykes is crucial to

nephrite formation.  Additional alteration assemblages of tremolite and nephrite, as well as talc, chlorite, epidote and

serpentine were formed as solutions percolated along layering and away from the fracture.  Gneissic amphibolite is

often completely retrogressed to massive and schistose Ti-rich chlorite rocks which often form hanging and footwall

contacts to jade lenses (Plates 12, 25 and 26).

The main mechanism of nephrite formation, suggested by Parker (1981), is replacement of dolomitic marble

during D4 metasomatism.  The sequence of events is:

1. Introduction of Si02 along D4 fractures (oriented N-S and SE-NW).

2. Diffusion of Si02 into dolomitic marble.

3. Reactions of the form:

            dolomite + silica + water =

     tremolite + calcite + carbon dioxide.

4. Calcite removed along D4 fractures.

However although there are 116 known jade lenses and numerous smaller occurrences, quartz veining along

D4 fractures is observed only rarely and this is apparently a major rate-controlling factor to jade formation. 

However, early-D4 pegmatites are probably the main source of silica but are in turn metasomatised themselves (e.g.

see Plates 30-34).  Although variously referred to as hybrid pegmatite, altered granite, altered intrusive, leucogranite,

feldspar-chlorite rock or P-G rock their importance to nephrite formation was recognised since the early geological

mapping of Hopwood (1970) and Hopwood & Coles (1971).  The best examples are at Outcrops 32, 52, 53, 69 and

76.

D4 structures reveal an extended period of brittle and ductile deformation and at least one foliation is often

represented in jade lenses as well as adjacent chlorite-rich and talc-rich zones,  but not in host dolomitic marble.  The

penetrative foliation apparently developed by simple shear in a ductile shear zone.  The foliation, as a tremolite,

nephrite, chloritic or talcose schistosity, represents the plane of flattening during shearing.  Plate 16 illustrates the

typical relationships between D4 fracture planes and the S4 foliation developed by synchronous simple shear.  As the

bulk strain increases,

- the schistosity is more strongly developed

- the schistosity is more asymptotic to the fracture   surfaces

- and the angular difference between the schistosity and fracture surface is reduced from 20-40o to

only 10-20o.
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The foliation pattern is sigmoidal, but not the outcrop pattern of jade.  Repeated ductile simple shearing in

narrow zones of higher bulk strain, also caused additional foliations and folding of the earlier S4 schistosity.  The

dominant D4 foliations and fractures trend SE with a consistent sinistral sense of shear.  Significantly D4 kink folds

are exposed at Outcrops 53, 99-100 and 116.  The sense of shear is dextral in the south near Outcrops 46-53, 99-

100 and 116 where it is associated with dextral faults that displace those outcrops from the same horizon at Outcrops

55-83.  A N-S D4 foliation is also sporadically developed, particularly in proximity to the N-S Ulbana Shear, and is

referred to as either S4 or S5.  Outcrops containing the N-S foliation are 24, 52, 53, 99-100 and 116 with open N-S

folds, interpreted as D4, also at Outcrops 35 and 114.  The N-S foliation strikes in the range 000-020oM and often

merges with the retrogressive D3 schistosity striking in the range 010-035oM and interpretations are at times

ambiguous.  At Outcrop 116, the N-S phase clearly overprints the more typical SE-trending S4 foliation.

Although most jade formed by the above model from metasomatism of dolomitic marble, precursors to jade

also consisted of:

- massive M1/M2 diopside e.g. parts of Outcrops 15 and 55 (Plates 18-22), and

- coarse-grained tremolite schists with either an S2 or S3 schistosity e.g. part of Outcrop 15 (Plate 38).

Where nephrite is massive, the timing is difficult to establish but in many cases the nephrite formed from these

precursors is also foliated with an S4 schistosity produced by simple shearing.

Granitic intrusives and pegmatite synchronous with D4 provide an opportunity to directly date jade

formation, either by Rb-Sr (total rock) or U-Pb analyses on zircons.  Outcrops 53 and 116 provide the best examples

with clear, unambiguous relationships of a porphyritic adamellite to D4 structures.

The Cowell Jade Province apparently corresponds to an area of favourable host rocks, intense D4 fracturing

and syn-D4 intrusion of quartz veins, pegmatite and porphyritic adamellite.  Apparently comparable host rocks and

D4 structures are extensive in the Cowell-Cleve area (Parker, 1983a and b) but, by comparison, other jade outcrops

are scarce except for scattered semi-nephrite occurrences such as Ullabidinie and Miltalie.  The controlling factor is

apparently the same as within the Cowell Jade Province - the necessity for synchronous emplacement of quartz veins,

pegmatite and granitic intrusives.

The Cowell Jade Province contains chlorite-rich rocks as well as the tremolite-rich jade lenses and these are

often observed in contact with each other.  Both have potential to be mined for industrial mineral applications. 

Tremolite powder from saws in the workshops have been used experimentally for glazing.
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CHEMISTRY

Suites of samples have been analysed to further elucidate characteristics of jade as well as the rocks from

which jade has been derived i.e. dolomitic marble and massive diopside.  Previous chemical analyses of nephrite,

semi-nephrite and host dolomitic marble are presented in Parker (1981) for the Ullabidinie area and in Nichol (1974

a & b, 1977) for the Cowell Jade Province.  Data from the 1982-1987 mapping program are indexed in Tables 1 and

Tables 3-10.  Analyses of nephrite, semi-nephrite and coarser-grained tremolite rocks are collated in Tables 3-5. 

Original data are presented in Appendix C.

Interpretation presented here is limited by availability of data; most analyses being from impure samples,

either with  phases such as chlorite present or with the almost ubiquitous dusty opaque minerals lining D4 fractures

and foliations.

Analyses of Cowell nephrite were compared with theoretical tremolite (Table 3) and indicate that:

- SiO2 content of Cowell nephrite is variable

- MgO is generally lower and obviously partly substituted by Fe

- CaO is also variable

- selected samples (nephrite with lowest abundance of other phases) were analysed for FeO and Fe2O3 and

indicate that a substantial proportion of Fe is present as Fe2O3.  However, ubiquitous dusty opaque and

translucent Fe/Mn oxides/ hydroxides lining fractures probably contain most of the Fe2O3.

Several samples were apparently anomalous in zinc (Table 4) with 100-240ppm but some check analyses

by Billiton (Appendix C, Comlabs Report COM 850537) failed to duplicate the anomalies.

As outlined in Nichol (1975) and Flint et al (1988 and 1989), Cowell jade commonly has yellow-green hues

rather than vivid green, but in a very dark tone.  The low content of Cr (<10-100 ppm) and Ni (<10-70 ppm)

apparently determine the hue to be yellow-green rather than bright green.  A similar conclusion was reached by Tan

and Tsui (1978) for Fengtien nephrite (Taiwan) based on samples with a much wider range of Cr and Ni contents.

Iron has also been considered an important colour control, but Tan and Tsui (1978) found that white and

green nephrite can contain the same amount of FeO.  Cowell nephrite has a very dark tone and is often described as

black and green black with a yellow-green hue.  High iron content, as in jade from outcrops 15, 69 & 76 has been

considered responsible for the dark tone (Nichol, 1975; Flint et al., 1988 and 1989).  Earlier analyses M1-M4 and

P100/73 (Nichol, 1974a) were all of jade from Outcrops 32-36 and colour was described as ranging from light green

to very dark greyish green.  Total iron contents (expressed as Fe2O3) ranged from 1.4% to 7.9%.  To date, analyses
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have not been carried out on the darkest tone black or premium black jade from Outcrops 15,44 or 69.  Hence the

possibility exists that nephrite with higher iron content will be found.  Dark green black nephrite/semi-nephrite at

Outcrop 69 along a D4 joint contained 4.75% FeO and 2.18% Fe2O3.

All nephrite/semi-nephrite analyses of this survey have a similar range to that found by Nichol (1975)

except that several analyses here are of nephrite with less than 1% FeO + Fe2O3.  In particular, the pale greenish

yellow semi-nephrite from Outcrop 52 (ie 6230RS343 and about Munsell 10Y 9/1) contains only 0.60% FeO and

0.05% Fe2O3.  A semi-nephrite dump sample (6230RS350), from Outcrop 52 is also low in iron with only 0.52%

FeO and 0.36% Fe2O3.  Similar pale greenish yellow semi-nephrite from Outcrop 53 (ie 6230RS426) was not

analysed but is expected to contain less than 1% total iron.  The pale greenish-yellow nephrite/semi-nephrite

apparently developed on the margins of quartz veins crossing dolomitic marble, where retrogressive gneissic

amphibolite, the probable source of iron, was absent.

Grudinin et al. (1979) demonstrated by use of optic, infrared and electron paramagnetic resonance

spectroscopy that colour in Russian nephrite is connected with Fe2+, Ni2+ and Cr3+ in distorted octahedral positions at

the Mg2+ site, but did not distinguish attributes of the colour i.e. hue, tone and chroma or saturation.

However, controls to colour are more involved than just Fe, Cr and Ni contents.  Flamini et al (1978)

demonstrated for Taiwanese nephrite with diverse shades of green colour and cat's-eye effect, but with identical

chemical and mineralogical composition, that colour was related to different arrangements of the fibres.  Equivalent

detailed analysis has not been carried out on Cowell nephrite, but it is probable that the numerous textural variations

influence colour and perhaps also translucency.  Cowell nephrite often exhibits colour mottling with `orange peel'

polishing characteristics, which is demonstrably due to different arrangement and grain size of tremolite fibres (Plates

35-40).

Controlled laboratory experiments to study induced changes in colour of Russian nephrite have been

conducted by Medvedev et al (1984).  Nephrite was hydrothermally reworked at 300-500oC, total pressures of 500-

1000 atmospheres and under oxidising or reducing conditions with starting H2 or O2 concentrations of 5-10 mole

percent.  Under oxidising conditions, rims of coarser grained fibres, 5-10 times thicker than in starting samples, were

developed and secondary alterations to texture, colour (brown and dirty green hues) and translucency (lower) are

evident.  Under reducing conditions, texture became more homogeneous and translucency increased.  Reducing

conditions were interpreted to inhibit broad tremolite prisms.  Both Medvedev et al (1984) for Russian nephrite and

Farrand (1985) for Cowell nephrite suggested that late-stage penetration of oxidising fluids have caused formation of

broad prismatic tremolite in the matrix of fine, felted fibres.
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Dorling and Zussman (1987) found that small amounts of aluminium influence the morphology by

suppressing formation of amphiboles with an asbestiform habit.  Detailed TEM studies of the texture of jade have

been conducted by Dorling and Zussman (1985) for two nephrite (tremolite) samples from Sweetwater and Lander,

Wyoming and one white nephrite (richterite) from California.

Similar TEM studies have been conducted on Cowell nephrite by Hans Jaeger, CSIRO Division of

Materials Science and Technology, Melbourne.  Results are very similar to the TEM work of Dorling and Zussman

(1985 and 1987) but are largely uncompiled at this stage.  Preliminary observations are presented in Flint et al.

(1989, Plates 19-23) and Lai et al. (1988) and additional slides of TEM and SEM views are available as SADME

Slides nos 36656-36675.

Spear and Kimball (1984) presented a Fortran-IV program (RECAMP) for estimating Fe3+ contents in

amphiboles where analyses record only total iron.  RECAMP uses nine different normalisation procedures to

calculate the amphibole formula using the analysis and stoichiometric constraints.  Stoichiometric restrictions used in

the program are:

- Si is recognised only in the tetrahedral sites

- only Si and Al are contained in the tetrahedral sites

- only K and Na can be in the A site

- Ca must be in the M4 site

- octahedral Na is permitted only in the M4 site

- there are no vacancies in the tetrahedral or octahedral sites

- K is assigned only to the A site

Tremolite and actinolite should follow that behaviour.   However, results on Cowell, Taiwanese and New

Zealand nephrite show that a large number of samples are non-stoichiometric tremolite.  Presumably this is either

caused by or contributed to by the abundant triple-chain structures in nephrite rather than the typical amphibole

double-chain structure.  The triple chain defects (and predicted non-stoichiometry) were found by Hutchison et al.

(1976), Mallinson et al. (1977), Jefferson et al. (1978), Mallinson (1980) and Mallinson et al. (1980) and have also

been found in Cowell nephrite by Hans Jaeger (Flint et al., 1989).

The model of Parker (1981) is for nephrite to form by metasomatism of impure dolomitic marble, based on

the occurrence of semi-nephrite at Ullabidinie.  As detailed elsewhere in this report, detailed mapping confirms this

hypothesis for many of the outcrops within the Cowell Jade Province, but there are some which suggest that the

precursor to nephrite is diopside and numerous examples exist of diopside uralitised to tremolite schist, semi-nephrite

and occasionally nephrite.  Samples were analysed to test the range of possible precursors i.e. impure dolomitic

marble, massive dolomite and assorted banded calc-silicate gneiss.



14

Metasomatism of dolomitic marble requires introduction of substantial silica, removal of calcite and PH2O

must be >>PCO2.  Reactions are of the form:

1. Serpentine + 2 dolomite + 6SiO2 = tremolite + 4CO2 + H2O

2. 5 dolomite + 8SiO2 +H2O = tremolite + 3 calcite + 7CO2

Quartz veins and pegmatite dykes are rarely observed along D4 fractures and silica availability is apparently

the key rate-determining factor for nephrite formation by this mechanism.  However, there is little doubt that nephrite

does form by this mechanism though the source of silica is more likely to be the hybrid pegmatite (or feldspar-

chlorite rock of Hopwood (1970) and Hopwood and Coles (1971)).  This is well illustrated at Outcrop 69 and to

lesser extents at Outcrops 32, 52, 53 and 76.

Direct retrogression of M1/M2 diopside to nephrite and semi-nephrite is common and is probably nearly of

equal significance to metasomatism of dolomitic marble.  Plots of CaO v MgO v SiO2 (not reproduced here) for a

range of possible precursors illustrate that nephrite formation from diopside involves less metasomatism than that

required for dolomitic marble.  The reaction may be of the form:

5 diopside + 3CO2 + H2O = tremolite + 3 calcite + SiO2.

This would imply that PC02 was greater than PH20 and that any silica produced would be free to react with dolomitic

marble as proposed for the alternative model.

Nephrite apparently formed by both mechanisms.  Both models predict calcite formation which is observed

occasionally as veins (e.g. at Outcrops 35-36) and as calcite-rich pods as at Outcrop 99 (6230 RS 490) but overall,

free calcite is rare.

Host rocks with very high Mg contents and perhaps where magnesite was originally present, contain

phlogopite, anthophyllite, cummingtonite and chlorites (?clinochore/ pycnochlorite).  More calcic and alumina-rich

lithologies produce nephrite with epidote, clinozoisite and zoisite.  Perhaps the best examples of these are from

petrography of diamond drill core from Outcrops 15, 32 and 35.
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TABLE 1:  Petrography Map Sheet 6230

AMDEL RPT. TS NO. RS NO. ROCK TYPELOCATION O/C NO. PLAN NO. COMMENT
___________________________________________________________________________________________________________________________________

GS2405/81 30969 303 Thulite ML 5255

GS3146/80 42889 304 Semi-Nephrite Miltalie Miltalie nephrite deposit
42890 305 Semi-Nephrite Miltalie Miltalie nephrite deposit
42891 306 Quartzite Miltalie Miltalie nephrite deposit

GS2477/83 44821 320 Calc-Silicate Regional
44822 321 Amphibolite Regional
44823 322 ?Gneiss Regional
44824 323 Calc-Silicate Regional
44825 324 Calc-Silicate Regional
44826 325 Nephrite ML 4577 83 Analysis
44828 326 Schist ML 4386
44829 327 Granodiorite Gneiss Regional
44830 328 Aplite Dyke Regional
44836 329 Semi-Nephrite ML 4217 32 88-86 Analysis
44837 330 Tremolite/Dolomite ML 4217 32 88-86

GS2476/83 44803 331 Calc-Silicate Regional
44804 332 Tremolite Schist (ML4525)
44805 333 Calc-Silicate Regional
44806 334 Schist Regional
44807 335 Granodiorite Gneiss Regional
44808 336 Calc-Silicate Regional
44809 337 Schist Regional
44810 338 Amphibolite Regional
44811 339 Granodiorite Gneiss Regional
44812 340 Granodiorite Gneiss Regional
44817 341 Chert Regional
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GS5231/83 39682 343 Semi-Nephrite ML 4783 52 88-90 Analysis
39689 344 Semi-Nephrite ML 4381 35 88-86 Analysis
39690 345 Dolomite ML 4381 35 88-86
39691 346 Semi-Nephrite ML 4381 35 88-86 Analysis
39692 347 Foliated Nephrite ML 4217 24 88-84 Analysis
39693 348 Foliated Semi-Nephrite ML 4217 24 88-84 Analysis
39694 349 Foliated Nephrite ML 4783 52 88-90 Analysis
39695 350 Semi-Nephrite ML 4783 52 88-90 Analysis
39696 351 Semi-Nephrite ML 4783 52 88-90 Analysis

GS5930/84 40866 352 Tremolite (ML4522) 112 Analysis
40868 353 Tremolite Schist ML 4533 75 Analysis

GS6238/84 41460 354 Calc-Silicate Regional
41461 355 Granite Regional
41463 356 Granodiorite Gneiss Regional 88-89 Analysis
41465 357 Calc-Silicate ML 4381 35/36 Not located on outcrop plan 89-86
41466 358 Altered Intrusive ML 4381 35/36 Not located on outcrop plan 89-86
41467 359 Calc-Silicate ML 4381 35/36 Not located on outcrop plan 89-86
41468 360 Semi-Nephrite ML 4578 51 88-90 Analysis
41469 361 Calc-Silicate (ML 4522) 88-89
41464 362 Sericite Schist ML 4339

387 Nephrite ML 4217 24 Analysis only
405 (ML 4534) 76 89-182 No sample description available
406 (ML 4534) 76 89-182 No sample description available
407 (ML 4534) 76 89-182 No sample description available
408 (ML 4534) 76 89-182 No sample description available
409 (ML 4534) 76 89-182 No sample description available
410 (ML 4534) 76 89-182 No sample description available
411 (ML 4534) 76 89-182 No sample description available
412 (ML 4534) 76 89-182 No sample description available
413 Nephrite ML 4217 32 Analysis only; Not located

GS 2622/87 414 (ML 4568) 89-181 XRD Analysis only
415 ML 4783 52 Not located, plan 88-90
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GS6795#5G 48685 416 Semi-Nephrite ML 4783 52 88-90
48686 417 Tremolite ML 4783 52 88-90
48687 418 Altered Intrusive ML 4783 52 88-90
48699 419 Granitic Gneiss ML 4217 32
48700 420 ?Semi-Nephrite ML 4217 32 Analysis; Not located
48703 421 Tremolite Schist ML 4217 114 89-184 Analysis

422 Amphibolitic Gneiss (ML 4554) 76 Analysis only

GS6795#5G 48705 423 Chlorite-Tremolite Schist (ML 4524) 53 Not located
424 (ML 4524) 53 Not located; No sample description

GS2622/87 425 (ML 4524) 53 Not located; No sample description
428 (ML 4524) 53 No sample description available
429 (ML 4524) 116 89-181
431 ML 4783 52
432 ML 4217 32
433 ML 4217 32
434 ML 4217 32
435 ML 4217 32
436 ML 4217 32
437 ML 4217 32
438 ML 4217 32
489 (ML 4568) 99-100
490 (ML 4568) 99-100
491 (ML 4568) 99-100 89-181 See also 89-183; No sample description available
492 (ML 4524) 116 89-181 See also 89-185; No sample description available
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TABLE 2:  Petrography Map Sheet 6231

AMDEL RPT. TS NO. RS NO. ROCK TYPELOCATION O/C NO. PLAN NO. COMMENT
___________________________________________________________________________________________________________________________________

GS3146/80 42887 24 Nephrite ML 4132 69 Not located
42888 25 Nephrite ML 4132 69 Not located

GS3786/81 31695 77 Talc ML 4576
31696 78 Talc ML 4576

GS2477/83 44827 79 Gneiss Regional
44831 80 Gneiss Regional
44832 81 Granodiorite Gneiss Regional
44833 82 Granodiorite Gneiss Regional
44834 83 Granodiorite Gneiss Regional
44835 84 Granodiorite Gneiss Regional

GS2476/83 44814 85 Calc-Silicate Regional
44815 86 Gneiss Regional
44816 87 Chert Regional
44818 88 Granodiorite Gneiss (MC 4966)
44819 89 Gneiss ML 4634 15 88-83
44820 90 Calc-Silicate ML 4634 15 88-83 Surface sample prior to expanded mine operation
44813 91 Calc-Silicate ML 4217

GS5231/83 39683 92 Altered Intrusive (ML 4597) 14 88-82
39684 93 Altered Intrusive (ML 4597) 14 88-82
39685 94 Granodiorite Gneiss (ML 4597) 14 88-82
39686 95 Tremolite (ML 4597) 14 88-82 Analysis
39687 96 Semi-Nephrite (ML 4597) 14 88-82 Analysis
39688 97 Granodiorite Gneiss (ML 4597) 14 88-82
39697 98 Altered Intrusive ML 4132 69 88-93
39698 99 Nephrite ML 4132 69 88-93 Analysis
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GS5930/84 40845 100 Calc-Silicate (ML 4597) 14 88-82
40846 101 Altered Intrusive (ML 4597) 14 88-82
40847 102 Gneiss Regional
40848 103 Calc-Silicate (ML 4668) 88
40849 104 Gneiss Regional
40851 106 ?Pegmatite Regional Analysis
40852 107 Sericite Schist Regional
40853 108 Sericite Schist Regional

GS5930/84 40854 109 Gneissic Granite Regional
40855 1210 Granodiorite Gneiss Regional
40856 111 Amphibolite Regional
40857 112 Semi-Nephrite ML 4129 1 Analysis
40858 113 Semi-Nephrite ML 4129 92 Analysis
40862 117 Quartzite Regional
40863 118 Migmatite Regional
40864 119 Granodiorite Gneiss Regional
40865 120 Tremolite ML 4338 115 88-431 Analysis
40867 121 Sericite Schist Regional
40869 122 Semi-Nephrite ML 4132 70 Analysis
40870 123 Amphibolite Regional
40871 124 Nephrite ML 4131 Analysis
40872 125 Tremolite (MC 733) Analysis
40873 126 Calc-Silicate (MC 733)
40874 127 ?Quartzite Regional
40875 128 Granodiorite Gneiss Regional
40876 129 Hornblende Gneiss Regional
40877 130 Dolerite Regional
40878 131 Gneiss Regional
40879 132 Sericite Schist Regional
40880 133 Iron Formation Regional
40881 134 Calc-Silicate Regional
40882 135 Garnet Gneiss Regional
40883 136 Garnet Gneiss Regional
40884 137 Tremolite Regional Analysis
40885 138 Gneiss Regional
40886 139 Gneiss Regional
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40887 140 Calc-Silicate Regional
40888 141 Dolomite Regional
40889 142 Dolerite Regional
40890 143 Dolerite Regional
40891 144 Granitic Gneiss Regional
40892 145 Altered Intrusive Regional Analysis
40893 146 Quartzite Regional
40894 147 Semi-Nephrite Regional 113 Analysis
40895 148 Granite Regional
40896 149 Calc-Silicate Regional

GS6238/84 41462 150 Altered Intrusive ML 4132 69 Analysis; Not located

GS4653/85 192 ML 4576 XRD Analysis only
195 ML 4130 55 Not located; No sample description
196 ML 4130 55 No sample description available
197 ML 4130 55 No sample description available
198 ML 4130 55 No sample description available
199 ML 4130 55 No sample description available

GS6795#5G 48684 200 Granodiorite Gneiss ML 4217 89-177
48688 201 Gneiss ML 4415
48689 202 Gneiss ML 4415 107 88-430

203 ML 4130 55 88-429 No sample description available

GS6795#5G 48691 204 Iron Formation ML 4130 55 88-429
48692 205 Serpentinised Marble ML 4130 55 88-429
48693 206 Iron Formation ML 4130 55 88-429
48694 207 Chlorotoid Schist ML 4338 115 88-431
48695 208 Gneiss ML 4130 56 88-429
48696 209 Tremolite ML 4130 56 88-429
48697 210 Semi-Nephrite ML 4130 56 88-429
48698 211 Semi-Nephrite ML 4130 57 88-429
48701 212 Tremolite Schist ML 4217 21 88-423 Analysis
48702 213 Tremolite Schist ML 4217 21 88-423 Analysis
48704 214 Chloritic Dolomite ML 4217 27 Analysis

215
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216 ML 4532 9-12 88-422 No sample description available
217 ML 4532 9-12 88-422 No sample description available
218 ML 4532 9-12 88-422 No sample description available
269 Iron Formation Regional Same as 6231 RS133; No sample description
270 ML 4532 11 Not located; No sample description
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COMPARISON WITH JADE FROM XINJIANG PROVINCE, CHINA

There are two nephrite jades in Xinjiang Province,  People's Republic of China:

- Hotan jade in the region of the Kunlun Mountains to the Arjin Shan Mountains.
- Tian Shan jade (nephrite but commonly referred to as Jasper jade) in the north of Tian Shan and from

some parts  of the Arjin Shan Mountains.  Tian Shan jade is hosted by  ultramafics emplaced during
the Variscan Orogeny.

However, Hotan jade exhibits many striking similarities in geological setting and controls to nephrite
formation as Cowell nephrite.  Host rocks to Hotan jade are late Proterozoic dolomitic marble of the Sinian
series where nephrite formation is related to and controlled by both prominent faults and a series of intrusives
emplaced during the Variscan (Hanchen et al., 1986).

Dolomitic marble exhibits similar mineralogical variations to the early Proterozoic dolomitic marble at Cowell
with phlogopite, serpentinised olivine, dolomite the dominant carbonate, grey colour and coarse granoblastic
texture.  Hotan jade results from contact metasomatism of the dolomitic marble along the margins of stocks
and dykes of acid-imtermediate intrusives, particularly granodiorite but including diorite, quartz diorite,
syenite, quartz-syenite and syenite-aplite.  Zoned skarns however are recognised for Hotan jade depending on
the temperature of hydrothermal fluids (Hanchen et al., 1986), but which are not recognised as such at Cowell.
 Compositional banding in retrogresive assemblages (particularly chlorite, tremolite and clinozoisite/zoisite) is
present at Cowell but has been interpreted to reflect original compositional banding rather than zoned skarns.

The same structure model for Cowell nephrite has also been interpreted for Hotan jade with hydrothermal
fluids migrating along the faults and then percolating out along layering in dolomitic marble.  The colour of
jade is also partly controlled by alteration of the country rocks (Hanchen et al., 1986).  Metasomatism within
the middle of a band of dolomitic marble is more likely to produce whiter jade and of good quality.  This is
very similar to Cowell with the palest jade (pale yellowish green, Munsell 10Y 9/1) formed on the margins of
quartz veins at Outcrops 52 and 53 near the centre of a dolomitic marble bed, and where iron is interpreted to
be dominantly derived from chloritised gneissic anphibolite.  Completely retrogressed amphibolite often forms
hanging and footwall contacts with jade and hence significantly contributes to the high iron (and lower Mg) of
Cowell nephrite.
Xinjiang nephrite contains from 0.12% to 8.08% Fe203 hence is a similar range to Cowell nephrite, and the
tremolite grades to actinolite on the most iron-rich samples.  Hotan jade exhibits a comparable deepening of
colour as iron content increases.  About half of the Hotan jade samples analysed contain anomolous copper i.e.
0.01 - 0.04% Cu.  However, black Hotan jade is sourced from micro-flaky graphite and is associated with a
markedly lower S.G. i.e. only 2.66 (Hanchen et al., 1986) and hence is not comparable to the black jade at
Cowell.

Tremolite of Cowell jade forms diverse textures but the relationship of texture to colour is not well studied. 
However, all of the textures in both Xinjiang's Hotan jade and jasper jade (Hanchen et al., 1986; Plates 7-24
and 37-42) have been observed at Cowell - see Plates 35-40, Flint et al. (1989, Plates 19-23) and SADME
slides 36656 - 36675.
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OUTCROPS 9 - 12

REFER Figure 4 (Plan 88-422)

Tenement History

The first claim registered was MC 111 by Pacminex (Operations) Pty Ltd on 16 November 1972, during

their base metals - uranium exploration programme over SML's 383 and 667.  The claim was plainted in August

1973 by Australian (Nephrite) Jade Mines Pty Ltd, but the plaint was later withdrawn and the claim surrendered in

May 1974.  Jade (Australia) Pty Ltd repegged the area as MC 529 in June 1974 and ML 4532 was registered on 21

July 1976.  The lease was transferred to Cowell Jade Pty Ltd in December 1976 and is now held by Gemstone

Corporation.

To date there has been no mining on outcrops 9 - 12.

Geological Mapping

Nichol (1974a) described four nephrite outcrops on MC 529:

- Outcrop 9 - 5 x 1 m lens associated with calc-silicate rocks and meta-aplogranite;

- Outcrop 10 - 10 x 1 m lens associated with dolomitic marble, tremolitite and other calc-silicate rocks;

- Outcrop 11 - 45 x 7 m band associated with dolomitic marble and various calc-silicate rocks;

- Outcrop 12 - 20 x 1 m band associated with dolomitic marble and epidotite.

Three samples were petrographically described:

- P1359/74, Outcrop 10, Jade-tremolite-chlorite rock;

- P1354/74, Outcrop 12, Epidotite;

- P1365/74, Outcrop 12, Impure jade with epidote.

Scott et al. (1978) revised Nichols' (1974a) table of jade outcrops adding a further comment to

Outcrop 11 i.e. 'Some pale green.  Tremolite inclusions'.

A detailed stadia survey of ML 4532 was carried out by the authors and A.J. Smith (Field

Assistant) together with Wilher Simandjuntak and Andi Sulaeman on 28-29 April 1987.
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Site Geology

Nephrite forms predominantly as pods within basal units of ?Warrow Quartzite comprising (basal)

calc-silicate, marble, and interbanded biotite-sillimanite gneiss and amphibolite (hornblende) gneiss.  Minor quartzite

is found within migmatised gneiss on the north-eastern side of the lease.  Grey granodiorite gneiss is interpreted as

migmatised Miltalie Gneiss.  A structural unconformity was observed on the western Warrow Quartzite contact with

Miltalie Gneiss.  Both units were in part, extensively mylonitized during D3 and intruded by syn- to late-D3 pegmatite

and reddish pink pegmatitic granite.

Miltalie Gneiss

Medium-grained (average 3-4 mm), grey, finely layered (quartz-feldspar 2 mm, biotite 1 mm) granodiorite

gneiss is interpreted as Archaean Miltalie Gneiss.  Mylonitic fabric is strongly developed, and feldspar

porphyroblasts, to 5 cm, are stretched and rotated.  Retrogressive assemblages of chlorite, epidote and clinozoisite

are found along D4 joint planes and contact margins of gneiss and intrusive pegmatite.  Tight to isoclinal D3 folds

often with sheared hinges are observed in cross-section views in Minbinnie Creek approximately 100 m

north-northeast of the northeastern lease peg (Plate 2).  These are rarely seen on horizontal surfaces.

Banded Calc-Silicate

The calc-silicate, considered to be basal Warrow Quartzite, is characterised by banding on

millimetre to metre scale.

Bands are either:-

. green - dark green, rich in tremolite and epidote;

. creamy, coarse-grained diopside; or

. very fine-grained brown, quartzite or chert.

Diopside-rich bands are extensively retrogressed to tremolite and nephrite.  Contacts of diopside

and marble are often marked by nephrite bands from several millimetres to centimetres thick.  At one location,

diopsidic breccia is in contact with buckled calc-silicate.
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Marble

Typically fine to coarse grained and with pale grey to grey-green colours.  A thin greenish

calc-silicate layer is located on the eastern contact of marble with schist/gneiss.  Thin gneissic interbands possibly

represent metamorphosed pelites.

Schist and Gneiss

Outcrop of this unit is commonly subdued and rubbly, comprising thinly layered fine to medium

grained quartz+biotite schist, dark grey sillimanite gneiss (6231 RS 216) and minor dark-grey to black hornblende

gneiss (6231 RS 217).  Warping of the unit is common compared to layering in the calc-silicate.  A strongly

developed schistosity, interpreted as S3, dips predominantly eastwards.

6231 RS 216 shows that retrogression of primary mineral assemblages appears to be complete and

comprises sericite, muscovite, quartz, plagioclase, chlorite and biotite.  The hornblende gneiss is primarily fresh

containing >60% hornblende and with hornblende defining well-developed gneissic foliation.  A mylonitic fabric is

well developed.

It is possible that this unit represents Lower Middleback Jaspilite as field descriptions referred to

biotite+?grunnerite+magnetite schists.  Schists are in part weakly magnetic and trace amounts of finely disseminated

magnetite were observed.  Approximately 35 m south of the southern lease boundary, a strongly magnetic ?schist

was observed within pegmatite.

Quartzite

White to grey coloured, medium to coarse grained quartzite is interlayered with thin quartz-mica

schist bands.  Alignment of quartz may give rise to layering effect.  A thin band of sillimanite gneiss crops out

adjacent to the western margin.  Although the quartzite may be a unit within the gneiss, it is more likely to be either a

raft or mylonitized sliver of Warrow Quartzite proper, an interpretation based on the disrupted and schistose nature

of the unit and association with sillimanite gneiss.

Pegmatite and Pegmatitic Granite

These rocks are typically very coarse grained, with white to pink feldspar and quartz.  Outcrop is commonly

subdued and rubbly.  The large body on the western side of ML 4532, has a distinctly granitic texture, though

weakly gneissic in places.  Relict granodioritic ?xenoliths are evident especially near margins.  Within gneissic
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portions, fine pegmatite stringers parallel the superimposed mylonitic foliation.  The pegmatite is interpreted as

intruded during D3 and truncates the mylonite zone.  Altered pegmatite occurs near jade outcrops 11 and 12.

Nephrite

Mapping undertaken in 1987 showed that the large outcrops depicted by Nichol (1974), actually comprise

numerous smaller and discontinuous nephrite pods.  The largest single nephrite lens mapped in 1987 was 12F, 6 x 1

m, in contrast to the 45 x 7 m dimensions of Outcrop 11 given in Nichol (1974a).  Consequently Nichol's numbering

system has been modified to allow for the observed, numerous, smaller pods hence 12A, 12B, 12C etc.  In addition

to the eleven nephrite pods described on Table 11, numerous small nephritic and semi-nephrite pods were observed

within the calc-silicate, but are too small to map.
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TABLE 11 - OUTCROPS 9-12 (ML 4532) NEPHRITE DESCRIPTIONS

OUTCROP NO. DIMENSIONS (L x W)         DESCRIPTION
(metres)

_________________________________________________________________________________

 9 2 x 1 fine grained, medium green, 
massive, S1/S2 layering

10A 0.5 x 0.5 float
10B 0.25 x 0.08 boulder, fine grained, 

medium to dark green; trace mica
11A 1 x 0.5 pale green, nephrite to semi-

nephrite
11B 1 x 0.5 fine grained, pale green to green
12A 1 x 0.5 not recorded
12B 0.5 x 0.5 not recorded
12C 0.5 x 0.3 foliated ?semi-nephrite
12D 0.5 x 0.5 boulder, semi-nephrite,

medium green
12E 0.5 x 0.5 medium to deep green
12F 6 x 1 medium to dark green, S1/S2 

layering, trace mica; thin, 
fibrous tremolite veins.

Nephrite formed within calc-silicate and marble, and on calc-silicate/pegmatite, calc-silicate/gneiss, and

marble/gneiss contacts.  Nephrite pods are commonly observed either along or adjacent to cross-cutting D4 joints.

Nephrite is typically medium to dark green in colour, with few green to pale green pods.  Texture is massive

and fine grained, grading to semi-nephrite.  Some pods show narrow fibrous tremolite veins, and some contain minor

?mica.  The largest lens, 12F, shows S1/S2 layering and is interpreted as nephrite formed from variable retrogression

of massive and poorly banded diopsidic calc-silicate.

Two nephrite samples were described petrographically by Nichol (1974a) - P1359/74 and P1365/74.  Both

show foliation, with P 1365/74 being described as schistose.  The schistosity is now interpreted as a mylonitic fabric.

Sample 6231 RS 218, collected during 1987 is predominantly semi-nephrite (95%) with epidote (3-4%) and

diopside (1%).  Coarse, white to cream diopside in hand specimen is seen in thin section to be totally retrogressed to

semi-nephrite, surrounded by a fine-grained nephritic groundmass. Uralitization of diopside, probably during D3

mylonitization and as evidenced in P1365/74, is possibly the dominant mode of formation for nephrite on ML 4532. 

However, close association of nephrite and D4 cross-fractures indicates some nephrite formed during D4.
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Structure

Lithological layering and combined S1/S2 gneissosity has an average strike of 025oM, dips steeply to the

west and is observed within the gneiss and calc-silicate/marble units.  An S3 schistosity, dipping steeply east to

steeply west, is well developed in the sillimanite gneiss.

A strong D3 mylonitic foliation, averaging 015oM, is imposed on all rock units.  Mylonitization has

produced apparent faulted contacts:

- within the Archaean Miltalie Gneiss;

- between the Archaean and banded calc-silicate unit, although regarded as being imposed on an earlier

structural unconformity;

- within and between the calc-silicate and marble units.

These contacts should be viewed as effects of mylonitization, producing augen shaped bodies of

metasediment, within a broad mylonite zone.

D4 faults are interpreted as displacing the metasediments westwards (sinistral movement) in the central part

of the lease.

At least three D4 joint sets are present:

- a dominant set striking 100-110oM;

- a minor set striking 170oM;

- and a third set striking southeast, but possibly associated with the 100-110oM set.

Minor tight folding, with S-vergence, is observed within the gneiss near the southwestern corner of the lease.

 Small, disrupted isoclinal folds are rarely seen.
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OUTCROP 14

REFER Figures 5 & 6 (Plans 88-82, S 20213)

Mining and Tenement History

Outcrop 14 was first pegged as MC 770 which was registered to B. Stadler on 26 July 1976, converted to

ML 4597 on 9 February 1978 and transferred to Nephrite Australia Pty Ltd on 19 December 1978.  The lease, along

with six others of Nephrite Australia, was declared forfeited due to breach of terms and conditions of the lease and

cancelled on 3 November 1980 (Olliver, 1984).

No lease is current over Outcrop 14 as the lens had been considered worked out, though minor jade is

evident in the quarry face.  The outcrop is now within the area reserved from Parts IV to VIII of the Mining Act,

1971-1978 as amended preventing granting of new tenements.

The only mining at Outcrop 14 was by Stadler in 1977 when 14t of jade were recovered.

Geological Mapping

Geological mapping of Outcrop 14 was by the authors in November 1982 with theodolite surveying by A.J.

Smith (SFB 680).

Site Geology

The sequence at Outcrop 14 consists of alternating dolomitic marble, calc-silicate gneiss and micaceous

gneiss.  All are interpreted as part of the banded calc-silicate gneiss at the base of Warrow Quartzite.  Units extend

southwards along strike to Outcrop 107 rather than Outcrop 15, and northwards to Outcrops 9-12.  By analogy with

Outcrops 9-12 and regional data, the interpreted facing is eastwards.  The legend on Figure 5 shows which rock

types are present in the 100m of exposed banded calc-silicate gneiss, but not their stratigraphic order.

As with Outcrop 69, the main portion of the jade lens at outcrop 14 is found where a feldspathic pegmatite

or leucogranite dyke crosses dolomitic marble, and is coincident with a D4 fracture zone.  Although coincident,

spatially the two features are not necessarily concurrent.
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Leucogranite

This unit, mineralogically a plagioclase pegmatite (6231 RS 100 and 101) is only 2-3 m wide and exhibits

an outcrop trace suggesting open folding during D3 (e.g. at sample locality 6231 RS 92; Figure 5).  The unit is

coarse grained, leucocratic and contains dominantly plagioclase with minor quartz.  Primary grain size is to  6mm,

though this is substantially decreased by granulation during ?D4.

Typical mineralogy of the plagioclase pegmatite is given in Table 12 for two samples showing varying

degrees of alteration.  Free quartz is lost from the pegmatite as metasomatism proceeds.  Neither sample is as

extreme in its alteration as the chlorite-rich pegmatite at Outcrop 69 (Plate 30).
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TABLE  12

ALTERED PLAGIOCLASE PEGMATITE

RS 101 RS 100
________________________________________________________________________________________

Plagioclase 60-65 85
Quartz 10-15 -
Epidote 15 10
Actinolite 8 5
Apatite 1 -
Zircon 1 -
Sphene trace trace
________________________________________________________________________________________

Nephrite

The main lens of nephrite is located on the thickest, but poorly outcropping, dolomitic marble unit.

Massive tremolite, nephrite, semi-nephrite and tremolite +  talc + chlorite rocks are found along the margins

of the leucogranite dyke wherever it transects dolomitic marble and ?diopside units.  This is best illustrated in the

quarry wall at Outcrop 14 where a tremolite + chlorite + talc alteration band reaches a width of 3-4 m along the

margin of the dyke.  The tremolite tends to be coarse grained but forms fan-shaped and radiating aggregates.

All jade recovered from Outcrop 14 was from the marginal alteration zone where dolomitic marble was

metasomatised to tremolite + chlorite + talc rocks.  No schistosities or layering were apparently developed at the time

of alteration, and most of the phases were coarse grained.  Jade may have formed during dyke emplacement and

metasomatism but there is no direct evidence.  However, it appears that this was the main metasomatic event and the

rocks recrystallised during D4.  There may have been no additional metasomatism during D4.

Little jade remains in the quarry face, though the positions of former jade pods are clearly evident (Figure

5).  The remaining jade is 40cm long, 20cm thick and elongate along a D4 joint.  The jade is dark green and tends to

be coarse grained (semi-nephrite) but paler, more opaque and finer grained along joint and cleavage surfaces.  Long,

fibrous (asbestiform) tremolite also infills some D4 joints striking 125oM.  Thus, although jade occurs within the

metasomatic zone produced by emplacement of the plagioclase pegmatite dyke, its form is demonstrably related to

D4 structures.  Hence the observations and interpretations are very similar to those at Outcrop 69.

The influence of D4 structures is further evidenced by the alignment of three nephrite occurrences along one

D4 joint or fault which coincides with cross section CD, and with a 135o trend parallels other observed D4 joints. 
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These occurrences are:

- Outcrop 14 itself,

- jade in the small triangular pit 30m southeast of Outcrop 14, and

- a third lens less than 1 m long which is 20m northwest of Outcrop 14.

The occurrence of two smaller jade bodies away from the main quarry illustrate that D4 metasomatism alone

is certainly sufficient to produce jade.

The triangular pit 30m southeast of Outcrop 14 contains minor semi-nephrite which is mid to dark green,

somewhat coarse grained and with abundant tremolite porphyroblasts up to several millimetres across.  Rind on

semi-nephrite is pale green to offwhite.  Semi-nephrite grades to massive and schistose chlorite + talc rocks.  The

schistosity, striking 067oM and dipping 76o north, is not readily interpretable in terms of S3 or S4.  Other smaller

occurrences are found within expired ML 4597 but are either:

- from alteration of thin discontinuous dolomitic marble,

- within calc-silicate units,

- or from retrogression of thin diopside bands in banded calc-silicate.

It is suggested that nephrite at Outcrop 14 is controlled by a combination of:

- metasomatism of dolomitic marble and diopside during emplacement of plagioclase pegmatite (?D3 or early

D4), and - additional metasomatism during faulting, fracturing and jointing (D4).

Structure

The sequence, although interpreted as facing eastwards, dips consistently westwards (Figure 6).  The only

exception to this consistent orientation is apparent gneissic layering in dolomitic marble within 1m of the margin of

the plagioclase pegmatite dyke in the quarry face.  Outcrop suggests a possible hinge zone for a D2 fold.

The strike averages about 30oM except where disturbed by open, N-plunging, Z-vergence D3 folds.  D3 folds

in banded calc-silicate gneiss strike at 025oM and dip 75o west where F3 folds in gneissic layering plunge about 30o

towards 020oM.

As exposed in other jade quarries, D4 jointing is common and strikes at about 125oM but with pronounced

variable dip (Figure 6).  Several other joints are present but data are insufficient to determine their significance.  One
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joint crossing dolomitic marble adjacent to the plagioclase pegmatite dyke and its metasomatic margin, contains

fibrous (asbestiform) tremolite defining a lineation plunging 31o towards 133oM.  The alignment is within a joint

striking 126oM, hence the pattern is similar to many other jade outcrops where the nephritic and tremolitic D4

foliation trends more southerly than D4 joints.

OUTCROP 15

REFER Figures 7 & 8 (Plans 88-83, S 20214)

Logs DDHs 14 & 17, Figures 9-11 (PLANS 88-77, 88-78, 88-81)

Mining and Tenement History

Outcrop 15 was pegged as MC 5150 which was registered to L.H. Schiller on 8 September 1967 and

cancelled on 27 January 1969.  The outcrop was repegged by Pacminex (Operations) Pty Ltd as MC 110 registered

on 16 November 1972.  The claim was plainted in the Wardens Court in August 1973 by Australian (Nephrite) Jade

Mines Pty Ltd, lost on plaint and cancelled on 22 September 1974.  Outcrop 15 was repegged by Australian

(Nephrite) Pty Ltd as MC 467 registered on 22 May 1974 and converted to ML 4415 on 4 November 1974.

Several kilograms of jade were taken from a trial mining pit in October 1976 (Scott et al., 1978) but were

not carved at the O'Halloran Hill College of Further Education.

However, as ML 4415 did not cover all of Outcrop 15, that portion extending beyond the boundary was

pegged by N.P. Smith as MC 887 which was registered on 20 December 1977 and subsequently converted to ML

4634 on 23 August 1978.  The thickest and what has subsequently been shown to be also the finest grained and best

quality portions of Outcrop 15 were within ML 4634.

On 21 November 1979, all seven leases of Australian (Nephrite) Jade Mines Pty Ltd including ML 4415,

were transferred to Cowell Jade Pty Ltd.  ML 4415 is currently held by Gemstone Corporation and also covers

Outcrop 107.

Ownership of ML 4634 was transferred on 23 April 1981 from N.P. Smith to L.M., L.M., N.P. and C.P.

Smith.  Under an agreement with the Smith families, Gemstone Corporation acquired ML 4634 in January 1987.

Although it is a prominent, large outcrop measuring 40 x 4 m production from Outcrop 15 only began in

1978.  Presumably this has been due to the success of quarries on Outcrops 24, 32-36 and 69, combined with a

perception that Outcrop 15 was coarse grained.  Surface boulders tend to be coarse grained, particularly on the

southern end within ML 4415.  It was only after mining by the Smith family, particularly in 1982, that the real
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potential of Outcrop 15 was realised, with the northern end of the lease in ML 4634 being apparently thicker and

containing some very high quality, fine grained Premium Black jade.

The recorded and estimated production for Outcrop 15 is included as Table 13.  Note that this does not

include all production from ML 4415, as the lease also covers Outcrop 107 for which there is known production. 

Production figures for the Smith family are probably conservative estimates.



50

TABLE 13

PRODUCTION - OUTCROP 15

ML 4634 ML 4415
YEAR SMITH COWELL JADE & TOTAL

GEMSTONE CORP.
__________________________________________________________________________________________

1978  2  -   2
1979  2  -   2
1980  2  -   2
1981 1.8  - 1.8
1982 14  -  14
1983  -  -   -
1984  2  -   2
1985  1  2   3
1986 1.5  - 1.5
1987 15 91 106
__________________________________________________________________________________________

TOTAL (Tonnes) 41.3 93 134.3

The first major mining at Outcrop 15 was by the Smith family in September 1982.  Drilling, blasting and

bulldozing in chlorite-rich, hanging-wall rocks produced a trench 3m deep (Flint et al., 1984; Plate 20) and 14t of

jade were recovered.  In February 1985, a rubber-tyred Terex 72-71 bucket dozer was used to deepen the existing

trench and expose more of the thicker, finer-grained, northern end of the jade lens (Flint and Dubowski, 1986; Plate

30).  Some jade was recovered from both ML 4634 and ML 4415, but the most important aspect was opening up the

northern end of the lens allowing recovery in 1987 of about 15t by the Smith family and promoting recovery of 91t

by Gemstone Corporation.  Mining in both 1985 and 1987 exposed minor jade, about 30cm thick, in a band adjacent

to the western wall of the trench i.e. in hanging wall rocks.

Production by the Smith family in 1987 included an impressive 11.6 t boulder of fine-grained, Premium

Black jade which may be the largest boulder of black jade mined in the world (Barnes et al., 1987; 1988).  Further

jade of the same quality and from the same part of the lens, forming part of a 91t parcel, was mined by Gemstone

Corporation in December 1987.

Geological Mapping

Initial geological mapping of Outcrop 15 in September 1982 was by E.A. Dubowski and Mohammed Sahl

with theodolite surveying by A.J. Smith (SFB 680).  Additional mapping and surveying in November 1982 was

undertaken by the authors and P.P. Crettenden (SFB 682).  SADME drilled two diamond drill holes at Outcrop 15

during May and July 1983; DDH 14 and DDH 17.  Petrographic descriptions of 22 samples from DDH 14 (6231
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RS 166-187) were included in Farrand (1985).  Petrographic descriptions of 14 samples from DDH 17 (6231 RS

151-164) were described by D.J. Flint and included within Appendix E.

A preliminary interpretation of the geological plan, drill hole cross sections and macro photographs of drill

core were presented in Flint and Dubowski (1986; Plates 17-23).  A more detailed and slightly revised interpretation

is presented here (Figures 7-11).  Survey data have been updated to include the results of bulldozing in 1987 but not

mining by Gemstone Corporation in 1987.

Site Geology

The sequence at Outcrop 15 consisting of dolomitic marble, calc-silicate, banded gneiss, gneiss and

migmatised quartzite is interpreted as part of banded calc-silicate gneiss at the base of Warrow Quartzite.

All units strike consistently north-northeast, averaging 015oM, with average dip about 75o westward (Figure

7).  Stratigraphic facing is uncertain and is complicated by mylonite zones, but is interpreted to be eastward facing

based on regional scale data.

A major north south mylonite zone separates migmatised quartzite with abundant pegmatite to the east from

the banded calc-silicate gneiss containing interbeds of massive diopside, dolomitic marble and quartzite.  D2 folding

and ?D3 mylonitisation apparently cause repetition of some units (Fig. 7, Cross Sections AB and CD respectively).

Outcrop is relatively poor, but DDH14 intersected considerably more dolomitic marble and diopside than

was expected from surface outcrops, particularly between the jade lens and the mylonite.

Although Figure 7 shows calc-silicate, banded gneiss and gneiss units the differences are slight and the units

grade into each other.  Distinction is predominantly on presence or absence of banding and abundance of calc-silicate

minerals.  Banded gneiss grades into banded calc-silicate gneiss as the abundance of impure carbonate bands

increases i.e. as tremolite, actinolite, diopside and chlorite increase.  Overall, the abundance of carbonate and

calc-silicate phases increase from west to east.  East of the main mylonite zone is migmatised feldspathic quartzite

with abundant migmatite.

Diamond Drilling

Two drillholes, DDH14 of 37.15 m and DDH 17 of 26.30 m, were designed to test downdip extensions of

the mapped 40 x 4 m outcrop and to obtain additional geological data on mineralisation controls.  Previously, Nichol

(1974a), Scott et al. (1978) and Barnes et al (1980) had estimated that only about 20-25% of the jade lenses are
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hosted by calc-silicates.  However, the fact that both holes intersected more diopside and dolomitic marble than

expected from surface outcrops, supports the contention that all jade outcrops are hosted by dolomitic marble and/or

diopside.

Detailed logs of DDH14 and 17 are included as Figures 9-11 and with interpreted cross sections on Figure

7.  DDH14 was planned to intersect Outcrop 15 about 15m below the surface (between 17 and 22 m downhole

depth).  As with all of the 13 previous drillholes, an extension of the main lens was not intersected at depth and

neither were some of the typical indications of nephrite i.e. extensive alteration, abundant chlorite and coarse-grained

tremolite etc.  Only minor banded calc-silicate, containing some pale green, radiating tremolite was intersected at

17-18m and 19.5m.

However, nephrite and semi-nephrite were intersected in DDH14.  Minor nephrite and semi-nephrite were

encountered within diopside, diopsidic calc-silicate and coarse-grained tremolite between 5.8 and 8.2m (6231 RS

166-169) (Plates 35 and 37-40).  Jade about 30cm thick and presumably at this stratigraphic level was found

20-25m along strike to the north during widening of the trench during mining by Gemstone Corporation in December

1987.  Minor nephrite within fractures crossing partly retrograded diopside was found at 24.23 m (6231 RS 175) in

DDH14.

The main jade intersected in DDH14 was at 31.7m (6231 RS 181 and 182) on the contact of dolomitic

marble with massive diopside.  The nephrite is unusual with a leopard-skin texture (Flint and Dubowski, 1986;

Plates 19 and 28), also petrography of 6231 RS 181 and 182, and following notes.

DDH17 was sited less optimistically, aiming to intersect jade at 6-8m below the thickest part of Outcrop 15

(Fig. 7, Cross Section CD).  Only 2 m of nephrite and semi-nephrite were intersected; about half of that expected. 

Both drill holes suggest that Outcrop 15 thins rapidly with depth.  However, because of the abundance of dolomitic

marble, diopside and their alteration products, the prospects are good for additional but smaller nephrite lenses

between Outcrop 15 and the main mylonite zone.

Dolomitic Marble

Dolomitic marble samples are from drillcore (6231 RS 158, 173, 174, 176-179) and P1358/74, collected by

Nichol (1974a) from outcrop about 30-40 m south of the southern extremity of Outcrop 15.  Few trends are

discernible for textures or mineralogy of dolomitic marble in close proximity to nephrite.  However, 6231 RS 158

which is only 0.2 m from nephrite does exhibit two features not observed in the other seven samples, it contains

en-echelon trails of opaques which are paralleled by very fine-grained dolomite bands; both may be related to tension

gashes.
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Typical early (M1 and/or M2) assemblages can be summarised as: dolomite + olivine + phlogopite + calcite

+ diopside +  tremolite.  Early phases are coarse grained with a primary grain size of 3-6mm which is invariably

reduced by retrogression and alteration.  Coarse grained tremolite as poikiloblasts to 5 mm are present only in 6231

RS 158.  Pyroxenes are minor, usually diopside, though 6231 RS 178 apparently contains diopside as well as

?pigeonite which are both partially retrogressed to tremolite.  Some antigorite rich aggregates also indicate

replacement of a pyroxene, but as expected, most of the antigorite and chrysotile are pseudomorphing olivine. 

Phlogopite is invariably chloritised and rarely, the chlorite is then altered to antigorite (e.g. 6231 RS 179).

Retrogression of early coarse grained phases is extensive and produced fine grained calcite, dolomite,

serpentine and several chlorites which are commonly banded (Plate 3).  The banding is a new compositional layering

across the earlier S1/S2 layering and in places appears partly mylonitic.  Retrogressive assemblages consists of:

Calcite + dolomite + chlorite + serpentine ± tremolite.

Light green marble sought for ornamental purposes is fine grained, calcite rich, completely recrystallised

and hence entirely retrogressive.  The green colour is from disseminated and interstitial serpentine with lesser chlorite.

One sample, 6231 RS 178, contains a retrogressive band containing fine grained calcite + tremolite where

tremolite rich portions approach semi-nephrite in texture.

Samples 6231 RS 174 and 176 (Plate 3), contain unusual acicular carbonate with a texture similar to that of

nephrite i.e. randomly oriented with tufted and radiating clusters of acicular calcite and dolomite.  This texture is also

observed in one diopside sample, 6231 RS 159 from DDH17.  In addition to the normal retrogressive features, 6231

RS 179 also exhibits a late-stage vein of dolomite + antigorite which is cross cut by a calcite vein.

Diopside

Massive diopside is present as monominerallic zones or as thinner bands hosted by either dolomitic marble

or banded calc-silicate gneiss.  In all settings, diopside exhibits partial retrogression to nephrite, semi-nephrite,

tremolite or tremolite schist but the alteration shows subtle variations (Plates 19-23).  The following notes are

extracted from descriptions of samples 6231 RS 158-163, 166, 167, 175, 180 and 183.

Early (M1 and/or M2) diopside is very coarse grained with a primary grain size in excess of 4 mm and often

averaging 6-8 mm.  Rarely is another phase present, the possible exception is 6231 RS 162 with possible tremolite

relicts to 4 mm and 6231 RS180 with probable interstitial calcite.
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Deformed, granulated and brecciated massive diopside is ubiquitous, exhibiting varying degrees of

retrogression.  In milder cases, curved twin lamellae and cleavages are evident along with a marked reduction in

grain size (6231 RS 158 and 161).  New diopside grains average only about 0.3mm but commonly show only slight

optical discontinuity from neighbours, indicating the former, much larger, grain size.  Brecciation is common and

often associated with branching veins which narrow to fractures (Plates 20 and 21 in Flint and Dubowski (1986)). 

Minerals infilling or lining the fractures vary from assemblages of:

- tremolite

- calcite + dolomite + serpentine + tremolite

- tremolite + calcite

- tremolite + chlorite + calcite

- calcite

- dolomite + epidote + opaques + ?serpentine

- tremolite + epidote

- dolomite + chlorite

Retrogression is commonly seen in stages, with several styles present in one sample (Plates 19-23).  For example

6231 RS 166 exhibits partial retrogression of diopside to tremolite but this is then invaded by veins of semi-nephrite.

Deformation bands, some only 0.2-0.4mm wide, are present and cross cut the sample.  These again show

various retrogressive assemblages as outlined above.  6231 RS 158 contains bands consisting of epidote, dolomite,

opaques and ?serpentine.  These bands are veined by later tremolite + epidote veins which contain a late-stage central

vein of dolomite.

More common are broader deformation (mylonitic) zones across diopside with associated forms of tremolite

including nephrite.  Progressive development of such zones is illustrated in Flint and Dubowski (1986; Plates 20, 4

and 21).  The retrogressive product varies from semi-nephrite to tremolite schist and consists of a tremolite + calcite

or tremolite + chlorite schistosity.  Semi-nephrite, e.g. 6231 RS 180, consists of irregular ragged prisms and clusters

of wispy acicular or feathery forms in subparallel to radiating arrays.  Calcite is then in aggregates parallel to or

perpendicular to the tremolite foliation.  As in surface outcrop, the foliation is commonly at an angle to the margin of

the broad band.  However, in 6231 RS 162 (Flint and Dubowski, 1986, Plate 21) two tremolite schistosities as well

as a crenulation are present within the tremolite schist alteration band.  The schistosities consist of tremolite +

chlorite and are crosscut by very late-stage, thin, dolomite veins.

A more unusual style of alteration is evident in 6231 RS 163, sampled within 1 m of a mylonite zone.  Initial

retrogression of diopside produces the typical tremolite + chlorite alteration but grades to a speckled rock consisting
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of tremolite + epidote.  The alteration assemblage consists of coarse-grained epidote to 2mm surrounded by tremolite

prisms 0.4 - 0.5mm long.  Both contain abundant dusty inclusions.  This early phase of alteration gives way to clear,

dust-free tremolite which surrounds the earlier phases and occurs as:

- randomly oriented tremolite, 0.2 - 0.3mm long

- veins consisting of minute tremolite fibres with a sigmoidal shape.

The latter is typical of S4 tremolite in outcrop, whereas the original speckled epidote + tremolite alteration

predates D3 mylonitisation.

Timing of all of the phases of retrogression and alteration, with respect to D3 and D4, is difficult and relies

heavily on interpretation of the mylonitic event(s).  Nephrite and semi-nephrite are consistently late, commonly grade

to tremolite schist produced during mylonitisation (D3 or D4) but certainly post-date an earlier phase of diopside

alteration.

Nephrite

Apart from outcrop, data on jade at Outcrop 15 was obtained from a 2m intersection in DDH17, and

smaller jade intersections in DDH14 at 6-8m and at 31.7m.  The latter is particularly unusual with a leopard-skin

texture developed involving chondrodite-humite group minerals (Plate 28).  Additional petrographic data and

comments are in the preceding section 'Diopside'.

Some nephrite of Outcrop 15, particularly from the extreme northern end, is very fine grained, massive,

green black (5GY 2/1 to 5G 2/2) and takes a brilliant polish (Plate 5).  Jade of this quality was mined by the Smith

family and Gemstone Corporation in 1986 and 1987 but was not intersected 5-8m away in DDH17.

Both in outcrop and in DDH17, jade exhibits diffuse banding from colour and grain size variations of

tremolite.  Banding is broadly parallel to the lens margins but does include ptygmatic folds (Plate 8) with axial planar

orientations suggesting D2 or D3 folding.  Nephrite in DDH17 is impure and exhibits several unusual features.  All

samples (6231 RS 154 - 156) are dominated by the nephrite matrix (70-90% matrix) but with various combinations

of:

- coarse-grained, relict porphyroblasts of tremolite, anthophyllite, cummingtonite and diopside

- chlorite-rich aggregates at times containing euhedral actinolite needles

- ghost textures within nephrite matrix
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- large, late-stage actinolite needles in nephrite

- two schistosities in some chlorite aggregates

- tremolite schistosity in nephrite.

The anthophyllite and cummingtonite are unusual, very rarely observed in other nephrite samples, and are

either chloritised or replaced by the nephrite matrix.  Chlorite-rich aggregates often contain two schistosities whereas

the nephrite matrix, in part, contains only one schistosity which wraps around chlorite-rich aggregates and all relict

porphyroblasts.  When schistose, the nephrite is coated by goethite, particularly along fractures.  Actinolite is also a

late-stage phase with euhedral needles to 5mm long within both chlorite-rich aggregates and the nephrite matrix.

The sequence of events is apparently:

1. Formation of assemblages of diopside, tremolite, cummingtonite, anthophyllite and ?phlogopite;

presumably during ?D2.

2. One or possibly two phases of chloritisation with extensive retrogression of earlier phases and two

chlorite schistosities.

3. Nephrite matrix formation along with minor coarser tremolite, at the same time as development of a

nephrite schistosity, presumably S4.  One of the chlorite schistosities may have developed at this stage. 

Recrystallisation of chlorite produced chlorite-aggregates containing randomly-oriented sheaves and

rosettes.

4. Post-nephrite matrix development of actinolite needles to 5mm long within nephrite matrix and chloritic

aggregates.

Similar very, late-stage development of coarse tremolite or actinolite needles are observed in S4 chlorite and

talc schist zones at Outcrop 53, but are otherwise rare.

Chlorite is more abundant on the hanging wall contact of the jade lens but similar features and sequences of

events are still observed.  One important feature is that massive to schistose chlorite rocks are very Mg-rich (i.e.

24.2% MgO in 6231 RS 151) and contain readily recognisable sphene or a titanate phase (1.15% TiO2).

Towards the base of DDH14 at 31.7m and in footwall rocks at Outcrop 15 is 0.2m band of nephrite and

unusual speckled or mottled nephrite/semi-nephrite (Plate 28).  The nephrite (6231 RS 181) varies from fine grained

and randomly oriented, to slightly schistose (S4) with thin anastomosing cleavage planes lined with limonite/goethite.

 Nephrite is particularly dusty.  A band containing ?cummingtonite and ?anthophyllite is also present where the

texture is again fibrous.  Farrand (1985) interpreted development of fibrous tremolite bands and fibrous

?cummingtonite and ?anthophyllite as after formation of felted nephrite.
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Within 2-3cm, nephrite (6231 RS181) grades to the speckled or leopard-skin texture within semi-nephrite

(6231 RS 182) (Plate 28) (Flint and Dubowski, 1986, Plate 19).  White areas consist of cummingtonite, minor

epidote and a member of the norbergite-chondrodite-humite-clinohumite series (Farrand, 1985).  Green spots of the

speckled texture consist of coarser-grained fibrous tremolite whereas the grey-green spots consist of fine-grained,

felted nephrite.  The white material also contains patches of medium-to-coarse tremolite in radiating clusters, which

grades to nephrite.  Nephrite and tremolite are veined by and apparently replaced by late-stage fibrous chlorite which

forms radiating clusters.

The speckled nephrite is obviously Mg rich with an assemblage of tremolite, cummingtonite,

chondrodite-humite group mineral and presumably Mg-rich chlorite.  The sequence of events, which may have a

dolomite-magnesite precursor, is apparently:

1. M1-M2 metamorphism to olivine + diopside + clinoenstatite

2. Retrogression to tremolite + cummingtonite + chondrodite

3. Partial alteration to nephrite

4. Minor regrowth of tremolite

5. Replacement of all phases by fibrous chlorite (Farrand, 1985).

Surrounding this nephrite and speckled nephrite are:

- massive diopside retrogressed to tremolite + calcite (semi-nephrite)

- and ?diopside breccia (6231 RS 183).

Diopside breccia is very fine grained and unaltered.  Optical identification is uncertain and mineralogy may

be Fe-free zoisite.

A third area containing jade is in DDH14 between 6 and 8m, in hanging wall rocks to Outcrop 15.  Jade is

minor and has mostly formed by retrogression of diopside in diopside-rich bands within banded calc-silicate gneiss

(6231 RS 166-168).  However, one sample (6231 RS 166) also involves epidote with nephrite.  Diopside exhibits

banding of retrogressive and partly mylonitic origin (?D3) which resulted in formation of retrogressive epidote which

has subsequently been replaced by ?D4 nephrite (6231 RS 166).  Naturally, adjacent diopside shows a two-stage

alteration to coarse and then fine nephrite.  Within epidote, tremolite forms ragged prisms grading to acicular and

fibrous forms (nephrite) which have penetrated epidote grain boundaries, filled interstitial spaces and replaced

epidote.  This is one of the very few examples of epidote replaced by nephrite and asbestiform tremolite.
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Structure

All units strike consistently N-NE averaging 015oM, with steep westerly dips averaging 75o (Fig. 7). 

Lithological layering So is not distinguished from either the S1 or S2 gneissosities.

D2 and D3 folds are interpreted in Cross Section AB through DDH14 (Fig. 7).  D3 folds are rarely observed

probably because of poor, rubbly outcrop rather than their absence.  Observed D3 folds are in banded calc-silicate

gneiss with axial planes essentially parallel to layering i.e. striking about 015-020oM, variable dip but with shallow

N-NE fold axes plunging about 15o towards 015oM (Fig. 8).  A tremolite + chlorite schistosity is observed in

hanging wall tremolite + chlorite rocks exposed in the trench and corresponding to 6231 RS 151 - 153 in DDH17. 

Being parallel to the jade lens and observed D3 folds in banded calc-silicate gneiss, the schistosity is interpreted as S3.

 It is also interpreted as one of the earlier schistosities in jade samples 6231 RS 154-156.  In outcrop, the S3 tremolite

+ chlorite schistosity is overprinted by a D4 crenulation (see following comments).

D4 data within Outcrop 15 are scarce but are consistent with the empirical observations of a steep E to SE

joint, whereas the jade foliation strikes SE to S ie. 20-40o more southerly than the joint set.  A similar angular

relationship between joints and foliation in jade is observed in many outcrops.  A low angle joint which strikes

approximately along the jade lens and dips about 40oE was observed during mining.  As observed in thin sections

and as exposed in the trench in hanging wall chlorite-rich rocks, the tremolite + chlorite schistosity is crenulated by a

D4 crenulation, striking 144oM and dipping 84oNE.  A mineral lineation on the S3 schistosity but at the intersection of

S3 and S4 plunges 53o towards 319oM.  Across the S3 schistosity are abundant veins, 2-4mm thick, of coarse-grained

fibrous tremolite.

The age of mylonitisation in uncertain but interpreted as synchronous with D3.  Mylonitisation is

superimposed on many of the earlier retrogressive phases ie. coarse-grained epidote, tremolite, zoisite and clinozoisite

but is demonstrably earlier than the late-stage, D4 nephrite with its nephritic foliation and crenulation.  However, the

N-S mylonite is of the same orientation as nearby D4 faults as interpreted by Parker (1983a and b) during 1:50 000

mapping.

OUTCROP 16

REFER Figure 12 (Plan 89-177)

Mining and Tenement History

Outcrop 16 is within ML 4217 and the full tenement details are outlined in the section OUTCROP 24.  The

lease is currently held by Gemstone Corporation of Australia Ltd.
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There is no recorded production from Outcrop 16 (Olliver, 1984) although trial mining with a backhoe was

undertaken in September-October 1976 (Scott et al, 1978 - Plates 4-7).  Dark green-black nephrite from Outcrop 16

was crafted at the O'Halloran Hill College of Further Education by Val Morris into several cubes.  The outcrops

have not been mined previously as the jade cropping out is distinctly foliated and is apparently predominantly semi-

nephrite.

Geological Mapping

The outcrop was described by Nichol (1974a, 1977) as a 8x8m pod hosted by dolomitic marble.  No

additional mapping or sampling of Outcrop 16 was undertaken until mapped by the authors, W. Simandjuntak, A.

Sulaeman and S. Atmanwinata in April 1987.

Site Geology

Outcrop 16 is characterised by bladed outcrops to over 1m high (Nichol, 1974a, Plate 25446; Barnes et al,

1980, Plate 4; Flint et al, 1984, Plate 11), and is apparently along strike from dolomitic marble at Outcrop 15 though

slightly displaced by an interpreted D4 shear.  As with many other jade outcrops, the jade lens is apparently

controlled by dolomitic marble abutting a D4 shear.  D3 mylonitic shear zones are nearby but apparently not a

significant controlling factor.  The backhoe pit at Outcrop 16 exposes altered pegmatite containing clinozoisite. 

Porphyritic adamellite grading to porphyritic granodiorite crops out 5m north of the backhoe pit.  Identical

porphyritic adamellite has only been observed elsewhere in the Cowell Jade Province near Outcrop 53, as 1-2m wide

dykes emplaced along sheared axial planes of D4 folds.

Stratigraphy

Lithologies at Outcrop 16 consist of Miltalie Gneiss and the basal Warrow Quartzite unit of banded calc-

silicate gneiss. 

All outcrop of Miltalie Gneiss lies to the west of a N-S mylonite zone, and the contact with Warrow

Quartzite is faulted rather than unconformable.  The unit consists dominantly of a grey to pink, granodiorite gneiss

which, thought quite uniform, is thinly banded and has similarities to Miltalie Gneiss in the Plug Range area. 

Locally, granodiorite gneiss also includes pegmatite, migmatite and hornblende gneiss.  Foliation (S1 and/or S2) is

parallel to banding.  No stratigraphic facing data are available.

By analogy with nearby outcrops (ie outcrops 15, 21, 22, 24 and 32-36), all of the rocks east of the central

mylonite zone apparently represent part of the banded calc-silicate gneiss unit at the base of Warrow Quartzite. 
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Rock types exposed are dolomitic marble, massive diopside rock, quartzite, quartz-rich gneiss and banded calc-

silicate gneiss as well as migmatite and pegmatite.  Detailed descriptions of these units are presented in the section

OUTCROP 15.  Definitive facing data are not available but, based on regional data from Outcrops 15-36, facing is

assumed to be eastwards, regionally and probably also locally.

Structure

Of all the jade outcrops mapped, Outcrop 16 provides the best opportunity to examine structural differences

between Miltalie Gneiss and Warrow Quartzite.  However, stereographic projections of the lithological layering,

banding and parallel gneissosity ('S1/S2') reveal either none, or at best, barely distinguishable differences.  Gneissic

layering in both Miltalie Gneiss and Warrow Quartzite dominantly strikes N to NE and dips steeply westwards,

though there is a tendency for layering in Miltalie Gneiss to dip about 20o more shallowly.  Both units, exhibit the

same folding pattern of the gneissic layering during D3.

The folded gneissosity indicates a fold axis plunging about 20o towards N-NE, which is consistent with

observed D3 folds.  Gneissic layering orientations suggest numerous folds as illustrated in Cross Section AB but

closures are very rarely observed.  Isoclinal D2 folds are probably present but were not observed.  D3 folds are

upright, close and slightly asymmetrical; fold axes plunge N to NE.  D4 structures consist of typical SE-trending late-

stage planar joints subparallel to the interpreted D4 fault at Outcrop 16.  The fault is mostly interpreted from

apparent discontinuity of several lithologies and fold hinges rather than direct observations.  Outcrop 16 contains a

pronounced D4 foliation, with an average dip of 75o towards 225oM which is of similar strike (but not dip) to D4

joints.  About 25m north of and parallel to the fault through Outcrop 16 is a possible D4 monoclinal flexure.  Similar

structures but only 1-2m across were observed elsewhere in the Cowell Jade Province during regional mapping at

1:10 000.

Nephrite

Outcrop 16 consists of a 6 x 3m outcrop about 1m high with the pronounced D4 foliation which has

controlled its bladed character.  The quality of that part exposed is probably semi-nephrite.  It also tends to be

slightly coarse grained.  Colour is dark green and with very low translucency.

Though the interpretive Tectonic Sketch shows Outcrop 16 located along strike of banded calc-silicate

gneiss, alternative interpretations are possible including that the jade pod represents the southern limit of the

dolomitic marble and diopside rocks that extend to Outcrop 15.
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OUTCROPS 21, 22, 110, 111 AND GREEN MARBLE PROSPECT

REFER Figures 13-15 (Plans 88-423, S 20215, 88-424)

Logs DDHs GGM1, 2 & 3, Figures 16-18

(Plans 88-425, 88-426, 88-427)

The main features of interest for this area are:

- Outcrop 21 is located on the closure of a D2 isoclinal fold;

- hybrid pegmatite with two alteration styles was intersected in CGM2 and 3.  One style includes bright

orange-pink clinozoisite or thulite;

- drilling was undertaken for ornamental, pale green and grey green, dolomitic marble;

- four small nephrite occurrences from retrogressed diopside were intersected in holes CGM2 and 3.  None

are directly correlated with surface outcrops of jade.

Mining and Tenement History

Outcrops 21, 22, 110 and 111 are located within ML 4217 which is currently held by Gemstone

Corporation of Australia Ltd.  Full details of the tenement history are described elsewhere (see section OUTCROP

24) as about 20 jade outcrops are located within ML 4217.

There has been no production of ornamental green marble from the vicinity of Outcrops 21, 22, 110 and

111.

Jade production from these four outcrops is small.  Harry Schiller may have collected 0.2 - 0.3 t by hand

mining in 1969-1970, but production may have been from a variety of outcrops (Olliver, 1984, Table 4).  The

western end of Outcrop 21 was mined with a backhoe by Gemstone Corporation in April 1987 and 14t of jade were

recovered.

Geological Mapping

The first geological observations at these outcrops were by Nichol (1974a) who identified Outcrops 21 and

22 during reconnaissance geological mapping of the Cowell Jade Province.

In 1978-1979, The Corporation of the City of Adelaide was restoring Adelaide Town Hall buildings and

consideration was given to carving a Coat of Arms to mount on the facade of Albert Tower facing King William
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Street.  Green granite from the South East and green dolomitic marble from Cowell were considered.  Initial samples

supplied by Graham Robertson (Cowell Jade Pty Ltd) were favourably received by the City Council.

Dolomitic marble outcrops throughout the Cowell Jade Province were inspected by D.A. Young (SADME)

in May 1979 and a site between Outcrops 21 and 22 was considered to have the most potential (Fig 13).  The site

was tested by an air-track drill in December 1979 by D. Linke for Cowell Jade Pty Ltd during mining of Outcrops

32 and 69.  Several drill holes penetrated 1.5m of strong surface outcrop, but beneath which the dolomitic marble

was found to be strongly weathered to soft nodular powder for at least 6m.  Drilling stopped before fresh marble was

again intersected.  The site was excavated and some of the surface boulders remain stockpiled (Fig. 13).

As there were (and still are) very few green dimension stones in Australia, interest was renewed in this

prospect when, in 1982, Mitchell, Giurgola and Thorp, architects for the new Parliament House in Canberra

intended to use a green stone (preferably marble) for panelling central parts of the main wing walls which were to be

behind a glass facade.  About 100m3 of finished panels were required, each 40mm thick and to cover a total area of

2 000 m2.

In an attempt to secure the contract for South Australia, the site was diamond drilled in 1983 at the same

time as drilling DDH 14-17 on jade Outcrops 15, 32 & 35 and further testing of fine-grained, white marble (ML

4338).  Depth of weathering was tested by CGM1 (24.00 m) and was followed by CGM2 (39.30m) and CGM3

(36.0m) to test for texture, colour uniformity and thickness as well as to obtain samples for compressive strength

tests, water absorption etc.  Detailed mapping by D.A. Young (SADME) of the site has been compiled as Figures

13-15.  Drill logs of CGM1-3 are included as Figures 16-18.

During the detailed mapping, jade outcrops 110 and 111 were located.  Two other occurrences remain

un-numbered (Fig. 13).

Additional data were collected on Outcrop 21 by the authors and Wilher Simandjuntak, Andi Sulaeman and

Sumitra Atmanwinata immediately prior to mining by backhoe in April 1987.  Petrography of pre-mining

samples 6231 RS 212 and RS 213 was by Sumitra Atmanwinata (Appendix E).

Site Geology

Rock types near Outcrops 21, 22, 110 and 111, interpreted as part of basal banded calc-silicate gneiss

within Warrow Quartzite, include dolomitic marble, calc-silicate, biotite/ chlorite schist and gneiss, massive diopside,

and banded or layered gneiss.  In addition, several lithologies are gradational into the overlying Warrow Quartzite i.e.

quartzite, quartz-rich gneiss and graphite+quartz schist.  The graphite+quartz schist was the only exposure mapped
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in the Cowell Jade Province, and nearby hybrid pegmatite also contains traces of graphite (Fig. 13).

Stratigraphic facing and sequence of units were not established, as isoclinal D2 folds and poorly exposed D3

mylonite zones are present but not mapped in detail.

Structure

A significant D2 fold extends through Outcrop 21 SSW towards Outcrop 111.  The fold is isoclinal and

folds near Outcrop 21 suggests a plunge of 30-50o towards OoM.  The axial plane hinge is probably within the areas

of Cross Sections AB, CD & EF but has not been shown due to insufficient data and poor correlation across the

hinge (Figure 13).

Layering and gneissosity show a systematic variation, striking about 010oM near Outcrop 21 to striking

50-55oM near Outcrop 111 (Figures 13 and 14).  Dips are variable westerly (40-90o) but tend to be shallower in the

south.  The gentle swing is due to superimposed D3 folding or warping during D4 buckling and fracturing.

D3 folds and mylonite were not mapped in outcrop but both are present in drillcore (Figures 16-18), i.e.:

- open folds in banded gneiss (CGM3, 8m)

- mylonite calc-silicate and diopside (CGM2, 16m & 32m)

- D3 crenulations and mylonitic schistosity in biotite gneiss (CGM2, 37m).

Layering is significantly different in orientation above and below the mylonite zone at 32m in CGM2

(Figure 13, Cross Section AB).

D4 fracturing, faulting and jointing are common throughout the mapped area but only the largest are shown

on Figures 13 and 15.  Faults and joints generally strike 115-120oM, are sub-vertical and sinistral displacement is

most common.  Minor gentle buckling of dolomitic marble during D4 is also evident at the collar of CGM1 (Fig. 16),

but deformation is essentially brittle fracturing.

D4 foliation (i.e. tremolite schistosity) is evident only in Outcrop 21 and is strongly developed in the ESE tail

of the outcrop.  The schistosity strikes 115-125oM (Fig. 14) and is essentially the same as D4 faults and joints.

Hybrid Pegmatite and Granite

As for many other jade outcrops, hybrid pegmatite is present apparently as sills, dykes and undetermined

intrusive forms.  Relationships to other structures were not elucidated, hence no additional data are available on the
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timing of intrusion.  Drill hole CGM2 spudded on hybrid pegmatite, but the relationship drawn on Cross Section AB

(Figure 13) is schematic only.

Hybrid pegmatite and jade outcrops do not show a close spatial relationship as in Outcrops 14 and 69.

Hybrid pegmatite of CGM2 (2-7m) and CGM3 (28.8m) show exactly the same features as at Outcrop 76. 

That is, two different mutually exclusive, but related styles of alteration are present.  In both styles the relict

pegmatitic texture is still evident.  One style of alteration is clinozoisite replacing feldspar whereas quartz remains

immobile.  Clinozoisite is brightly coloured in orange pink shades i.e  Munsell moderate orange pink 10R 7/4,

reddish orange 10R 6/4 to 10R 6/5 and even moderate reddish brown 10R 6/6.  Hence the alteration style is similar

to the ornamental thulite/clinozoisite prospect between Outcrops 90 and 112 (ML 4522).

The second style involves extensive replacement of feldspar by very fine grained bright green epidote. 

Quartz recrystallises also so, overall, hybrid pegmatite is finer grained but still with the pegmatite texture evident.

Nephrite

There are 10 pods of jade within the mapped area, some of which are grouped and referred to as Outcrops

21, 22, 110 and 111 others are left un-numbered.  In addition, nephrite and semi-nephrite with no obvious

relationship to surface outcrops were intersected in drill holes CGM 2 and 3.  An extensive zone of massive

coarse-grained tremolite, 10m NW of CGM1 and apparently related to D4 fracturing, has potential with depth to

contain nephrite (Figure 13).

Nephrite - Outcrop 21

Outcrop 21 is large (20 x 8m) and has an unusual shape apparently due to its location on the nose of a D2

fold in dolomitic marble.  In this respect it is similar to Outcrop 24 which also occurs on a fold hinge.  Although

located on a D2 fold, nephrite formation is interpreted as during D4.  Prior to mining in 1987, the WNW end of the

outcrop contained distinct banding with an orientation typical of D2 axial planes and fold limbs and is interpreted as

relict D2 axial planar gneissosity/banding (Plate 7).  Relict banding with D2 folds have also been observed in Outcrop

15 (Plate 8).  The ESE end of Outcrop 21 is narrow and foliated with a strongly-developed D4 foliation.

Overall, nephrite of Outcrop 21 is medium to dark green with variable grain size but tending to be coarse

grained (i.e. semi-nephrite) (Plate 6).  Although dominantly massive on the WNW end, the ESE end is thoroughly

foliated producing bladed outcrops.  Banding in the WNW end is defined by very fine-grained bands alternating with
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numerous, less resistant coarser bands.  The weathering rind is reddish brown and thin, rarely reaching 10mm and

often only 2-3mm.

Microscopically, both massive and schistose forms of nephrite/semi-nephrite exhibit tremolitic schistosity

differing only in degree of development (6231 RS 212 and RS 213).  The typical fine felted texture of nephrite is

present, but fibre bundles tend to be aligned defining the schistosity.  Undulating or diverging fractures parallel the

tremolite schistosity and are stained by opaque and transparent iron oxides.  Both massive and schistose

nephrite/semi-nephrite exhibit late-stage coarser tremolite, up to 0.5mm across which also tends to be aligned in the

schistosity.  Flakes of chlorite to 0.5mm are also present.

Apparently Outcrop 21 has been strongly sheared or sheared very late as indicated by:

- ESE end of the outcrop is narrow and highly foliated

- tremolite schistosity and fractures are parallel and not up to 40o apart as in some other outcrops

- even very late-stage coarse tremolite is aligned in the schistosity.

In most other outcrops where late-stage tremolite is present as prisms, needles and radiating aggregates, the

tremolite is not aligned in the schistosity.  The strong shearing of Outcrop 21 is comparable to that observed in

Outcrop 16 with its high bladed outcrops (Slide 25446 of Nichol (1974a) and Plate 11 of Flint et al. (1984)).

Vague lamellar textures and coarse domain structures in RS212 and RS213 suggest a precursor to nephrite

of either dolomite or diopside.

Nephrite - Drillholes CGM 2 and 3

Four nephritic zones were intersected in drill holes CGM2 and 3, but apparently all four form retrogression

of diopside (Figures 17 and 18).  Based on the current interpretations (Cross Sections AB and EF, Figure 13) none

of the intersections are directly correlated with the surface Outcrops 110 and 111.

Nephritic segregations in CGM2 are within dolomitic marble at 16.75 - 16.95 m.  The nephritic zone is

15cm long and 2cm wide.  Nephrite is dusky yellowish green, around 10GY 3/3, weakly translucent and has an

unaltered core of off-white diopside.  Surrounding marble is tremolitic, fine grained and pale green (5G 8/1 and 8/2).

 A 4mm-thick band of nephrite at 17.00m also contains relict diopside.

A massive band of diopside 1.2m thick at 23.6-24.8m in CGM2 shows minor retrogression to nephrite

(dusky yellowish green 10GY 3/2) but only as one small bleb 25 x 5mm across.  Similar dusky yellow green nephrite
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formed as a band 25mm thick in CGM3 at 4.2 m, but retrogression was incomplete and produced speckled relict

white diopside and dusky green nephrite.

Green Marble

Colour variations within dolomitic marble in the vicinity of Outcrops 21, 22, 110 and 111 were mapped and

are shown in Figure 15.  Overall, the dolomitic marble is medium light grey (N6) but ranges from N7 to darker grey

(N4-N3).  Zones of grey-green dolomitic marble were defined and all are as bands parallel to lithological layering

(So/S1/S2).

Drilling was unsuccessful in locating significant grey green dolomitic marble and core was often fractured. 

Detailed descriptions of dolomitic marble, including Munsell colours of all phases, are presented in the drill logs of

CGM1-3 (Figures 16-18).  Dolomitic marble is banded with broad non-uniform, colour zones.  Irregular mottling

results from disseminated aggregates of serpentine after olivine, chlorite after phlogopite and tremolite after diopside,

as well as from finer-scale banding.

Yellow green aggregates of serpentinised olivine form the characteristic mottling and spotting on grey

backgrounds (N8-N3).  Serpentine is most commonly light olive (10Y 5/4), pale olive (10Y 6/2) to dusky yellow

green (5GY 5/2) but grades into the chlorite colours.

Chlorite exhibits a variety of colours and typical colours are greyish olive (5 GY 3/2), dusky yellowish

green (10GY 3/2), moderate yellow (10GY 5/3), greyish green (5G 5/2) and pale green (5G 6/2).

The yellow brown and red brown colours, typical of the ornamental marble quarry 1km NNW of 'Mount

Ghearthy' in EML 4455, consist of light brown (5 YR 5/5), moderate yellow brown (10YR 5/4), greyish orange

(10YR 6/4 and paler 10YR 8/4).  The colours are probably also due to serpentine but its form (chrysotile versus

antigorite) and/or its composition may be different.

Mineral phases of dolomite, phlogopite, diopside etc are all coarse grained (4-5mm) after D1/M1 and D2/M2.

 A fine-grained and uniform pale green ( 5G 6/2) or grey green ( 5G 5/2) appearance would only result after

extensive retrogression and recrystallisation during which the large aggregates of olivine+phlogopite were destroyed

and fine-grained disseminated serpentine or chlorite produced.  Such recrystallisation probably did occur during D3. 

Petrography of other fine-grained pale green and grey green dolomitic marble from elsewhere in the Cowell Jade

Province (e.g. Outcrop 15), suggests the desired colour can be produced from either chlorite or serpentine.  The

outcrop pattern of zones of pale green and grey green dolomitic marble parallel to lithological layering and

semi-continuous for tens of metres, support D3 deformation, retrogression and recrystallisation.
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However, a similar effect may have occurred during D4, being promoted by solution activity along the

numerous D4 joints and fractures.  Fine-grained, green dolomitic marble does appear to have a broad spatial

relationship to nephrite, either because:

- both were produced during D4, or

- both require D3 retrogression before nephrite formation during D4 (e.g. diopside retrogression to

coarse-grained tremolite).

Probable D4 recrystallisation to produce fine-grained, green dolomitic marble was interpreted, based on

petrographic data at Outcrop 15.  The same feature is observed in drill hole CGM2 at 16.75-16.95m, where nephrite

has formed from retrogression of diopside.  Surrounding dolomitic marble is tremolitic, fine grained and pale green

(5 G 8/1 and 8/2 with darker variants to 10 GY 5/1).  That is, the pale green, fine-grained dolomitic marble is at least

in part produced during (D4) nephrite formation.

OUTCROP 24

REFER Figures 19 and 20 (Plans 88-84, S 20216)

Mining and Tenement History

Outcrop 24 was first pegged by H.A. Schiller as MC 5332 which was registered on 12 October 1968.  The

claim was transferred to Jade (Australia) Pty Ltd on 25 July 1972, converted to ML 4217 on 22 October 1973 and

again transferred, this time to Cowell Jade Pty Ltd on 16 December 1976.  The lease is currently held by Gemstone

Corporation of Australia Ltd.

Trial mining was conducted at Outcrop 24 by SADME personnel in 1976 and 12 carvings were crafted at

the O'Halloran Hill College of Further Education (Scott et al., 1978).  Colours ranged from mottled pale green to

dark green but with paler colours dominating.

Cowell Jade Pty Ltd mined 50t of jade during 1978 and also in 1980.  Remaining jade was covered by

scree.  Three tonnes were subsequently recovered from this pod by Gemstone Corporation in December 1987.

Geological Mapping

Nichol (1974a) recorded Outcrop 24 as a 7 x 2 m lens hosted by dolomitic marble.  Two samples of

nephrite and semi-nephrite were petrographically examined (P1368/74 and P1370/74).  Both contained dendrite

patterns.
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Samples collected during phase III of the 1976 trial mining program were studied in a scanning electron

microscope by D. Hos (SADME) (Scott et al., 1978, Plates 16 and 17).

Theodolite surveying by A.J. Smith (SFB 681) and geological mapping by the authors was undertaken in

November 1982 and again in March 1985.  At the time of mapping the jade pod was obscured by scree (H.

Carmody, 1987, pers. comm.).

Site Geology

The sequence at Outcrop 24 has an outcrop width of only 40m and consists of alternating dolomitic marble,

calc-silicate, quartzite, biotite schist and banded gneiss representing banded calc-silicate gneiss at the base of

Warrow Quartzite.  Stratigraphic facing (?eastwards) is uncertain and relies on interpretation of regional data,

particularly D2 isoclinal folds.

The dump at Outcrop 24 obscures much of the controls to jade mineralisation and outcrop is poor.  Unlike

most other outcrops and quarries, prominent D4 fractures and/or altered feldspathic pegmatite dykes were not

observed.  However, massive and schistose tremolite and chlorite rocks are present along strike of dolomitic marble

so that D4 fractures or altered pegmatites are assumed to be present to produce the metasomatic tremolite + chlorite

rocks.  Jade would have formed within this metasomatic zone.

This outcrop also permits distinction between effects of D3 folding and the superimposed S4 schistosity

which is at a low angle to S3.  The structural relationship of D2 and D3 is the key to interpreting Outcrop 24.

Structure

Folded layering in dolomitic marble and gneissosity define a poorly-developed, great-circle distribution,

about a D3 fold axis plunging about 55o towards 020oM (Figure 20).  Within that trend, layering and gneissosity

form groups clustering at striking N-S (minor), 35oM and 65oM (equally dominant).  Regional data indicate that the

long limb is expected to be N-S, but the 35o-65o limb dominates at Outcrop 24.  Hence Outcrop 24 appears to be on

the short limb of a D3 fold.  Folding effects attributable to D2 folding were not observed.

D3 folds are abundant, both surrounding Outcrop 24 and as a synformal fold in quartzite and dolomitic

marble in the quarry face (Figure 19).  Folds are open to closed, and without axial plane structures except one

example of axial planar crenulation in mica gneiss.  F3 folds plunge about 30o towards 35oM i.e. close to the

interpreted fold axis from the distribution of S1/S2 layering and gneissosity (Figure 20).  The average D3 axial plane

strikes at 030oM and dips 70oSE.
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Chlorite, tremolite + chlorite and tremolite rocks exposed in the quarry face are typical, being generally

massive but grading to schistose equivalents.  Chlorite-rich rocks tend to be fine grained and dark green whereas

tremolite is pale green, milky  opaque and predominantly fine grained.  Rare compositional banding suggests relict

original layering (S1/S2).  Contacts of chlorite-rich and tremolite-rich rocks parallel lithological layering.  Apart from

minor relict S1/S2 banding, chlorite and tremolite rocks show only an S4 schistosity.  The S4 schistosity was observed

only in these rocks exposed in the quarry face and not in adjacent dolomitic marble or gneiss.

The S4 schistosity exhibits considerable variation, but on average strikes 020oM and dips 75oW.  The

orientation of the S4 schistosity is in part dependent on the orientation of lithological layering.  Where layering strikes

030-065oM the S4 also strikes more northeasterly.  As lithology strikes more N-S, then so does the S4 schistosity. 

Importantly, the S4 schistosity is distinguishable in both style and orientation from D3 axial planar structures.  D3

foliations are apparently absent from the chlorite + tremolite metasomatic zones.

The jade which has already been mined from Outcrop 24 looks as if it formed a lens or lenses which were

located in a metasomatic zone at the closure and hinge of a D3 fold.  However, as no D3 structures are evident in

tremolite and chlorite, metasomatism is interpreted as post-D3 folding.  Similar geology controls jade at Outcrop 21. 

Metasomatism is presumed to have occurred during D4 fracturing and/or emplacement of altered plagioclase

pegmatite - neither of which are exposed.

Three joint sets presumed to be D4 are present (Figure 20).  The typical steep joint striking 100oM is present

as well as one of very similar strike but dipping only 10oN.  The steep E-W joint intersects the S4 schistosity to

produce an apparent slickenside lineation plunging 63o towards 290oM.

Nephrite

Minor jade is exposed in dolomitic marble and tremolite rocks in the quarry as well as 25m to the NE

(Figure 19).

Within the quarry, jade is either:

- within dolomitic marble as bands up to 20 x 6 cm parallel to lithological layering.  Nephrite is massive, pale

green to grey green, massive and moderately translucent.

- within dolomitic marble but terminated against a D4 joint striking at 168oM.  Nephrite is pale green and

translucent to semi-translucent.

- within green dolomitic marble but within an unusual low-angle D4 joint i.e. striking 086oM and dipping only

10oN.
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- within tremolitic, metasomatic zones which locally grade to small patches, only a few centimetres across, of

semi-nephrite.  Semi-nephrite is pale green, milky opaque and tends to be foliated (S4), hence grades to

tremolite schist.

Two pre-mining samples collected by Nichol (1974a) were of nephrite and mottled semi-nephrite (P1368/74

and P1370/74).  Both were dendritic with goethite/limonite staining along branching, irregular to anastomosing

fractures.  Mottled semi-nephrite (P1370/74), containing serpentine and epidote/clinozoisite, has tremolite in two

grain sizes and has a microstructure very similar to the mottled semi-nephrite from Outcrop 52.  Many of the

carvings from the trial mining program, crafted at O'Halloran Hill College of Further Education, show this typical

mottled texture (Scott et al., 1978, Plates 9-11).

Jade of Outcrop 24 is schistose in part with a N-S S4 schistosity.  Foliated jade samples include P1368/70 of

Nichol (1974a) and scanning electron microscope sample of Scott et al (1978) as well as 6230 RS 347 and 348 of

this report from an outcrop 25m NE of the quarry.  Samples consist of minor relict coarse tremolite prisms, relict

augen of coarser fibrous tremolite to about 1-1.5mm, and a finer felted to schistose matrix.  Both rotated tremolite

prisms and fibre patterns within the coarser aggregates indicate repeated and prolonged rotational and shearing

stresses (see Scott et al., 1978, Plates 16 & 17).

OUTCROP 30 AND ML 4341

REFER Figure 21 (Plan S 19838)

Mining and Tenement History

Outcrop 30 is located within ML 4217 and has not been mined.  No jade outcrops are known within ML

4341.  Tenement history for ML 4217 is detailed in the section for OUTCROP 24.

Jade (Australia) Pty Ltd had pegged Outcrop 30 and others within ML 4217 in 1968, but the adjacent

tenement (MC195/ML4341) was not pegged until 1973.  Australian (Nephrite) Jade Mines Pty Ltd sought an

extension of Outcrop 30 and pegged MC 195 which was registered on 26 June 1973.  However, they were

unsuccessful as no jade was known at the time nor has subsequently been found on that tenement.  MC 195 was

converted to ML4341 on 10 December 1973 and was eventually acquired by Cowell Jade Pty Ltd on 21 November

1979.  ML 4341 is currently held by Gemstone Corporation of Australia Ltd.
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Geological Mapping

Centamin No Liability mapped MC 195 (ML 4341) during September 1973 after acquiring the rights to

explore, mine, extract and market jade on all tenements held by Australian (Nephrite) Jade Mines Pty Ltd.  Their

geological sketch (Australian Nephrite, 1973) is included as Figure 21 with additional data from SADME geological

mapping of the Cowell Jade Province.

Nichol (1974a) described Outcrop 30 as 12 x 2 m in calc-silicate host rocks, whereas Scott et al. (1978)

described the dominant jade colour as dark green.

Site Geology

Little attention has been given to ML 4341 as it mostly covers migmatised Warrow Quartzite.  Outcrop 30

is hosted by banded calc-silicate gneiss which forms a basal unit of Warrow Quartzite.  Hence the sequence is

interpreted to face east, though the sequence dips west; this is consistent with regional data.  Banded calc-silicate

gneiss apparently extend onto ML 4341 but outcrop is poor.  Vegetation suggests dolomitic marble is present in the

poorly outcropping area of ML 4341.

Mesoscopic, D2 isoclinal folds are abundant.  Lithological layering, gneissosity and D2 axial planes strike at

about 020oM and  dip 70-80oW.

OUTCROPS 31-36

REFER Figures 22-24 (Plans 88-85, 88-86, S 20217)

Logs DDHs 16 & 15 Figures 25 & 26

(Plans 88-80, 88-79)

Mining and Tenement History

The tenement history for Outcrops 31-33 have been discussed previously (OUTCROP 24) as all are located

within ML 4217.

Outcrops 34-36 were first pegged by Pacminex (Operations) Pty Ltd and registered as MC 108 on 16

November 1972, but was lost on plaint to Australian (Nephrite) Jade Mines Pty Ltd and forfeited on 30 July 1973. 

Outcrops 34-36 were then repegged by Australian (Nephrite) Jade Mines Pty Ltd as MC 291 registered on 31

August 1973.  This was converted to ML 4381 on 7 August 1974.  In June 1973, Centamin No Liability acquired

the rights to explore, mine, extract and market jade on all tenements held by Australian (Nephrite) Pty Ltd, including
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MC 291/ML 4381, but the indenture was cancelled on 4 July 1979.  ML 4381 was transferred to Cowell Jade Pty

Ltd on 21 November 1979 and is now held by Gemstone Corporation of Australia Ltd.

H.A. Schiller recovered 0.2 and 0.3t of jade in 1969 and 1970 respectively from ML 4217.  The lease

covers about 23 jade outcrops but production was probably from Outcrop 32.  Bulldozing of Outcrops 31-36 in late

1972 and early 1973 on and south of MC 5332 by McDonald Earthmovers led to recovery of 160t (Olliver, 1984). 

This was the first use of bulldozers in the jade province; previously production was restricted to collecting floaters or

hand mining.

Under their indenture with Australian (Nephrite) Jade Mines Pty Ltd on MC 291/ML 4381, Centamin No

Liability mined 55t and 23.5t of jade in 1974 and 1975 respectively from Outcrops 35-36.

A backhoe trench 1.5 m deep was dug at Outcrop 32 during Stage III of a trial mining program in 1976

(Scott et al., 1978), but apparently no samples recovered were carved at the O'Halloran Hill College of Further

Education.

Whilst ML 4217 and ML 4381 were held by Cowell Jade Pty Ltd, the two quarries on Outcrops 31-32 and

35-36 were extended with production of 70t from Outcrops 31-32 in 1979 as well as 72t and 106t from Outcrops

35-36 in 1980 and 1981 respectively.  By this stage, a 2-bench quarry had been established on Outcrops 35-36.  It is

still the only 2-bench quarry in the Cowell Jade Province.

The next major mining was in 1987 when David Linke Contractor Pty Ltd for Gemstone Corporation

recovered 91t from Outcrop 32 and 79t from Outcrops 35-36.

Total production from Outcrops 31-36 is estimated at 664.5t; about 179.5t from Outcrops 31-32 and 485t

from Outcrops 35-36 (Figure 2).  Most production has been green, low translucency jade, but some bright green,

deeply translucent nephrite has also been produced.  The occurrence of bright green, translucent jade and reliable

yields from these outcrops have resulted in 44% of the recorded and estimated production from the Cowell Jade

Province being from the two quarries on Outcrops 31-36.

Geological Mapping

Under an option arrangement with H.A. Schiller, Murumba Minerals No Liability mapped MC 5332

(Outcrops 31-33) as well as the adjacent Outcrops 34-36, which at that time, were within SML 383/SML 667 held

by Pacminex (Operations) Pty Ltd (Hopwood and Coles, 1971).  Their geological mapping is reinterpreted in terms
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of current rock classifications and represented as Figure  22.  At that time, high-quality, translucent green nephrite

was exposed (Hopwood and Coles, 1971).

During 1973, Centamin No Liability had an indenture agreement with Australian (Nephrite) Jade Mines Pty

Ltd over Outcrops 33-36 within MC 291.  Centamin prepared a geological sketch of MC 291 (now ML 4381)

(Centamin N.L., 1973).

At the same time, 4 nephrite samples from Outcrop 32 (M1-M4) were analysed and petrographically

described for Jade (Australia) Pty Ltd - included in Appendix B.

During geological mapping of the Cowell Jade Province (Nichol, 1974a; 1975; 1977), a suite of nephrite,

banded calc-silicate and dolomitic marble rocks were analysed and petrographically described, including a nephrite

sample, (P100/73) from Outcrop 32.  Of the five outcrop 32 samples, M1 of very dark greyish green colour had the

highest iron content, 7.91% Fe2O3 (total iron expressed as Fe2O3).  As Outcrop 32 apparently does not contain green

black or Premium Black jade, higher iron contents are expected from black jade at outcrops such as Outcrop 15, 44

and 69 but analyses have not been done to confirm this.

Geological mapping by the authors in September and November 1982 was assisted by Abdulazziz Ziab and

Mohammed Rehaili (Figure 23).  Theodolite surveying was by A.J. Smith (S.F.B. 681).  SADME drilled two

diamond holes in May - June 1983; DDH 15 of 28.15m at Outcrop 35 and DDH16 of 25.66m at Outcrop 32

(Figures 26 & 25).  Subsequent mining by Gemstone Corporation at Outcrops 32 and 35-36 has significantly

changed quarry details as shown on Figure 23.

Site Geology

Major bulldozing of outcrops from late-1972 to 1987 has obscured much of the geology by extensive dumps

(Figure 23) but the pre-mining geological map and observations of Hopwood and Coles (1971), included here as

Figure 22 can be interpreted in terms of the current knowledge of jade formation.  Matching of pre-mining surveying

with the 1982 surveying is not possible because of unresolved surveying discrepancies.  Some jade lenses mapped by

Hopwood and Coles (1971), have been obscured by later dumps.

Pre-mining Geology

The pre-mining geology of Hopwood and Coles (1971) (Figure  22) shows abundant leucogranite which is

highly altered to a massive chlorite + feldspar rock.  As such, it is very similar to chlorite + feldspar rock at Outcrop

69 as well as dykes of altered leucogranite at Outcrops 14 and 52.  Where it intrudes dolomitic marble, metasomatic
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alteration assemblages of tremolite + chlorite are found along the dyke margins.  This appears the case for Outcrops

31-36 also with jade, chlorite and breccias along the altered leucogranite-dolomitic marble contact.  As at Outcrop

69, D4 shear zones traverse the leucogranite and its metasomatic margins.  D4 shear zones vary in strike from N-S to

NW-SE.  From information on Figure 22, it is not apparent whether jade was formed during intrusion of the altered

leucogranite or during D4 fracturing, shearing and metasomatism.

Post-mining Geology

Geological mapping data from surveying and drilling in 1982 and 1983 respectively are presented in Figures

23 and 24.  Extensive dumps and bulldozed (scraped) areas obscure much of the geology.  The pattern of jade

outcrops is as outlined by Hopwood and Coles (1971) but altered leucogranite is apparently not as abundant, with

outcrop restricted to the NE quarry face at Outcrop 32.

As for Outcrops 24 and 114, country rocks at Outcrops 31-36 consist of dolomitic marble, calc-silicate,

biotite schist and banded gneiss and are part of the banded calc-silicate gneiss at the base of Warrow Quartzite. 

Facing data are scarce and partly rely on interpretation of disrupted D2 isoclinal folds, but regional data suggests an

eastward-facing sequence.

Structure

The structural features of Outcrops 31-36 show most correlation with those at Outcrops 24 and 53 i.e. a

N-S D4 or D5 phase (Outcrop 24) as well as displacement and apparent folding related to SE-trending D4 shear zones

(Outcrop 53).

Layering and gneissosity for both Outcrops 31-33 and 34-36 show a consistent pattern striking about

045oM and dipping about 45oNW (Figure 24).  Variations from this are found only in close proximity to D3 folds or

immediately adjacent to D4 shear zones and related folds.

D3 folds are rarely seen within the quarries but are common in outcrop of surrounding banded calc-silicate. 

Folds are open to close, plunge NE and usually have no axial planar schistosity.

D4 structures are varied.  As for nearly all other jade outcrops, D4 jointing and schistosity are present,

particularly within tremolitic and chloritic metasomatic zones.  D4 schistosity is well developed in Outcrop 35. 

Although both the schistosity and joints strike SE, their patterns are clearly distinguishable (Figure 24).  On average,
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joints dip 70-80oSW whereas the S4 schistosity consistently dips steep to moderately NE.  Where S4 dip shallows to

about 60o strike tends to be more N-S rather than NW-SE.  Most outcrops show sigmoidal patterns in the S4

schistosity with sinistral sense of shear.

Open, N-plunging folds were observed by Hopwood and Coles (1971) at Outcrops 31-32 and between

Outcrops 35 and 36 (Figure  22).  These were mapped in 1982 and are interpreted as D4 rather than D3 folds.  Axial

planar structures are N-S with 70-80oE dips whereas S3 axial planes strike NE (see also description for the adjacent

Outcrop 24 where it is possible to distinguish D3 and D4 structures).  These open D4 folds tighten within a few metres

of D4 shear zones e.g. at quarry entrance to Outcrop 32.  Several D4 shear zones are observed at Outcrop 32 (Figure

23, Inset) but as observed by Hopwood and Coles (1971) more are expected.  Two interpreted D4 shear zones are

shown on Outcrops 35-36.  Dolomitic marble changes abruptly to massive chlorite and tremolite across the more

easterly of these near outcrop 35.

Diamond Drilling - DDH 15

Diamond drill hole DDH 15 on Outcrop 35 was designed to drill below a large (17 m x 9 m), elliptical pod

of chlorite + tremolite + nephrite rocks exposed above the top bench.  The zone apparently represents the eastern end

of Outcrop 35 as mapped by Hopwood and Coles (1971) (Figure 22).  At least 3 pods of nephrite were exposed

within this elliptical zone and many of the remaining massive boulders appeared to be chlorite and tremolite coating

nephrite.

The 28.15m hole intersected no nephrite.  From 2.0 to 18.6 m the core consisted almost entirely of chlorite,

tremolite and clinozoisite/epidote (Figure 26) (Plate 14).  Neither dolomitic marble nor massive diopside rocks were

intersected even though marble crops out in the quarry face 7m away and strikes towards the drillhole.  Dolomitic

marble, massive diopside if originally present and banded calc-silicate have been extensively metasomatised. 

Original compositional banding is diffuse with relict phlogopite, diopside and coarse tremolite.

Some altered quartz + feldspar rocks occur within the metasomatic zone from 2.0 - 18.6m and in part may

be relict banded calc-silicate gneiss rather than intrusives (6230 RS 364 and 365).  However, clinozoisite bands

between 9.7 and 15.8m may represent metasomatised feldspar-rich dykes (Plate 14).  Altered intrusive is less

abundant than expected from mapping by Hopwood and Coles (1971) and restricted to only about 1m intersection at

19m.  Alteration is more extensive bordering tremolite + chlorite rocks and exhibits two stages (6230 RS 371) (Plate

34).
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Diamond Drilling - DDH 16

Diamond drill hole DDH 16 on Outcrop 32 was designed to intersect two separate jade horizons but was

successful only with one.

Jade exposed in the W quarry face at Outcrop 32 at the base of dolomitic marble was keenly sought, being

pale green, fine grained and moderately translucent nephrite similar to that shown in Plate 17.  However, jade was

not intersected at the anticipated 5.8m downhole depth.

A chlorite-rich zone across the quarry floor also contained several pods of nephrite (Figure 23, Inset).  The

drill hole was designed to test this zone, although previous mining had produced jade with numerous inclusions

which was of lesser quality than the pale green, moderately translucent jade exposed in the W wall (Plate 4).  Jade

intersected in DDH 16 at 10.6 - 11.2m is apparently an extension of a jade outcrop in the quarry floor (Figure 23,

Cross Section CD).  The remainder of the prospective zone down to 14.6m contained chlorite, tremolite and

clinozoisite rocks as well as an unusual clinozoisite + phlogopite schist (Plates 25-27 and Figure 25).

Minor additional nephrite was intersected within dolomitic marble as a 1cm aggregate at 3.20m (Plate 17)

and as a thin band of nephrite + chlorite at 10.0m.

About 1.5m of altered microcline + quartz intrusive was intersected at the contact zone between

metasomatised dolomitic marble and structurally underlying migmatitic gneiss, in the same setting as in DDH 15

(Plate 34).

Altered Leucogranite

Both drillholes have up to 1.5m of altered, feldspathic leucogranite at the contact of metasomatic zones with

migmatite and banded gneiss (Plates 33 and 34).  In both cases, metasomatism is more intense closer to the

structurally overlying chlorite + tremolite rocks.  In neither drill hole, is altered leucogranite as common as expected

from mapping by Hopwood and Coles (1971) (Figure 22).  However, several leucogranite dykes intrude dolomitic

marble and banded calc-silicate in the NE quarry face at Outcrop 32.  These are less than 1m wide, are branching (Y

shaped) and have metasomatic margins containing chlorite and tremolite, but nephrite was not observed.

Two stages of alteration are observed (6230 RS 371 and 379).  The first phase is mylonitisation, marked

reduction in grain size from about 5mm to 0.01-0.02mm, and epidotisation with an epidotic S3-Sm? schistosity. 

These are followed by and cross-cut by D4 joints and veins containing epidote and actinolite.  Actinolite forms

radiating clusters up to 2mm across commonly centred on very thin D4 fractures 0.02 - 0.04mm wide.  Hence
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actinolite needles penetrate well into neighbouring feldspar.  Other phases introduced by metasomatism along D4

fractures are apatite, a titanate and opaques where apatite and opaques are common accessories in nephrite.

Clinozoisite assemblages

The following petrographic notes are summarised from P97/73 (Nichol, 1974a) and 6230 RS 357, 359,

368, 369 and 377 (Appendix E).

Massive clinozoisite rocks vary in colour from white, orange brown, pink and pale purple and consist of

coarse-grained laths and prismatic crystals in radiating aggregates.  Crystals are to 4.5mm long.  Examples are 6230

RS 357 and 359.

They were formed either by bands of appropriate composition within banded calc-silicate or siliceous

dolomitic marble being metamorphosed to massive clinozoisite, or by metasomatism during granite emplacement.

Massive, coarse-grained clinozoisite shows two main styles of alteration.  The first is development of a

mylonitic banding and chloritic schistosity.  Grain size is markedly reduced and bands consist only of granular

mosaics of clinozoisite having grain sizes of 0.02 - 0.05mm and 0.2 - 0.4mm.  A chlorite (? after phlogopite)

schistosity parallels the mylonitic banding (6230 RS 368 and 369).  RS 377 exhibits a variation on this theme with a

clinozoisite + phlogopite schistosity wrapping around clinozoisite 'augen' to 4mm long.  The phlogopite has two

forms; coarse flakes aligned in the schistosity and fine-grained aggregates apparently interstitial to the clinozoisite

(Plate 27).  Typical D4 joints about 1mm wide, which offset the compositional banding are developed across the

mylonitic compositional banding in 6230 RS 369.  These are infilled with chlorite aligned diagonally across the joint.

 A nephrite vein with chlorite and quartz in P97/73 is also interpreted as synchronous with D4, whereas the earlier

mylonitic compositional banding and parallel retrogressive schistosity (6230 RS 368, 369 and 377) are interpreted as

D3.

The second style of alteration is more difficult to date with respect to D3 and D4 as S3 schistosity and D4

jointing are absent (6230 RS 357 and 359).  Coarse-grained clinozoisite exhibits minor marginal replacement by

fine-grained epidote, but extensive replacement by fibrous and prismatic tremolite in radiating aggregates to 2mm

across.  Calcite is apparently an interstitial phase to tremolite, and late-stage calcite veins cross-cut the tremolite +

calcite assemblage.  The replacement of clinozoisite by tremolite + calcite probably occurred during D4.



78

Nephrite

Considerable data on nephrite quality has been obtained by mining an estimated total of 664.5t from parts of

Outcrops 31, 32, 35 and 36.  Characteristically, jade colour and texture have varied between lenses and even within

one outcrop (e.g. Outcrop 32).  Some variations can be readily interpreted from geological and drilling data, hence

each of the six outcrops are considered separately.

Nephrite - Outcrop 31

Outcrop 31 has not been mined and the current 3 x 1m outcrop is as mapped by Nichol (1974a).  The

outcrop has received little attention and contains dark green nephrite to semi-nephrite, with abundant coarse-grained

prisms of tremolite as well as pyrite.  A D4 foliation, striking 120oM, is present.

Nephrite - Outcrop 32

Outcrop 32 has been mapped, drilled and sampled in detail.  Petrographic data on nephrite, semi-nephrite

and tremolite are available from M1-M4 (Appendix B), P 99/73 - P101/73 and P1371/74 (Nichol, 1974a) and 6230

RS 329, 330, 372-375 (Appendix E).  The earlier samples cannot be located on the current detailed plan, but

petrographic descriptions show many similarities with more recent sampling.

Pale green, translucent jade had been mined along the 'base' of dolomitic marble as exposed in the western

quarry face (Plate 4).  Nephrite occurs in a zone between coarse-grained, grey marble and banded (quartz-rich)

calc-silicate gneiss.  Fine-grained green marble is immediately adjacent to nephrite, and the relationships are the same

as jade in thin, sheared dolomitic marble at the quarry entrance.  Nephrite varies from pale green, translucent,

massive and without inclusions to semi-nephrite with a D4 sigmoidal foliation.

Along the W face of Outcrop 32, nephrite and semi-nephrite also crop out within a 3-5cm D4 joint striking

120oM and crossing coarse-grained, grey dolomitic marble.  This nephrite and semi-nephrite obviously formed

during D4.  Colour is pale green; texture varies from massive to banded (6230 RS 329 and 330).  Massive nephrite

consists of fibre bundles 0.02mm long ghosting coarse (ex-dolomite) domains of 3-5mm diameter.  Even relict

multiple lamellar twinning is evident in the coarse domains (6230 RS 329).  However, 6230 RS 330 exhibits several

stages of tremolite growth and distinct banding.  Bands are elongate along the D4 joint and consist of either:

- fine-grained fibre bundles averaging 0.05mm long with a crude alignment parallel to the joint,

- coarse-grained elongate tremolite to 2mm in a porous network with interstitial calcite, or
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- euhedral dolomite to 1mm but recrystallised to smaller grains and with secondary interstitial opaline silica

and chalcedony.

Similar D4 control on nephrite formation is evident in a narrow nephrite-bearing band in DDH16 at 10.05m

(6230 RS 372), again entirely within dolomitic marble.  However, phlogopite (15%) and chlorite (45% and after

phlogopite) are abundant.  Relict coarse blocky phlogopite is partly chloritised with chloritisation controlled by and

mostly restricted to narrow D4 fracture zones.  Tremolite and chlorite vary from massive to schistose (S4) and enclose

the phlogopite porphyroblasts.  In part, tremolite is nephritic forming fibrous mats with grain size less than 0.01mm

but ghosting former dolomite or diopside grains up to 4.5mm across.

Nephrite colour is medium to dark green, but Munsell classification ranges from dusky green 5G 3/2, dark

greenish grey 5GY 4/1, greyish green 10GY 5/2 and greenish black 5GY 2/1 (Table 4).  Tremolite occurs in three

distinct forms which would certainly affect polishing characteristics.

1. Nephrite.  Microcrystalline fibres, fibre bundles and sheaves with fibre lengths of 0.01 - 0.02mm.  This has

mostly been described as tremolite 'matrix' in petrographic descriptions e.g. M4 and 6230 RS 373.

2. Large tremolite prisms, to 0.5mm long, commonly in optical continuity over areas of 3 x 2mm.  Grain

boundaries are irregular, diffuse and grade into finer-grained matrix and mat tremolite.

3. `Mat' tremolite is intermediate between the above two types but forms a distinct, recognisable category. 

Tremolite forms as small sheaves, elongate fibre bundles or as fibro lamellar-form prisms typically in the

range 0.03 - 0.4 mm long.  These often form ghost structures and replace dolomite, diopside and/or earlier

coarse-grained tremolite which had a 3-5mm grain size.  This type was described as 'shred-like' (Appendix

B) and at times, tended to define foliations (e.g. M4).

Coarse tremolite prisms are obviously the earliest phase but the relationship of matrix (nephrite) to mat

tremolite (semi-nephrite) is difficult to determine.

The pre-nephrite assemblage apparently consisted of phlogopite + dolomite + diopside and probably

represents M1/M2 assemblage.  This was apparently modified and retrogressed prior to nephrite formation with

formation of prismatic tremolite, epidote, clinozoisite and? additional phlogopite.  Hence the spots and

porphyroblasts evident in some hand specimens and in drill core (e.g. 6230 RS 375) are from relict primary

phlogopite as well as later but pre-nephrite aggregates of tremolite, epidote, clinozoisite and allanite.

Phases synchronous with nephrite formation are tremolite, chlorite, apatite and the ubiquitous opaques as

dusty inclusions and lining D4 fractures.  Opaques range up to about 8% by volume.
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Nephrite and semi-nephrite are generally massive and outcrop tends to be less foliated than many others in

the Cowell Jade Province.  Where foliated e.g. M4, the shred-like `mat' tremolite tends to form two schistosities

about 30-40o apart.  This is interpreted as two phases of the S4 schistosity formed by heterogeneous simple shear

under conditions of low bulk strain.  Similar sigmoidal and dual foliation patterns are observed at most jade

outcrops.

Nephrite - Outcrop 33

Within the 4 x 3 m outcrop, nephrite is massive, pale to medium green but of variable grain size. 

Microscopically, the grain size variations show the same variations as described above for the main lens at Outcrop

32 i.e. relict coarse prisms, finer mat tremolite and submicroscopic felted matrix tremolite (nephrite) (P1372/74 of

Nichol, 1974a).  5-10% clinozoisite is present within P1372/74.  The only difference is that P1372/74 apparently

contains a fourth generation of tremolite as large prisms and lozenge-shaped prisms which are apparently

post-nephrite and have crystallised at the expense of matrix and mat tremolite.  Similar post-nephrite crystallisation

of coarse tremolite was observed by Farrand (1985) in drillcore at Outcrop 15.

TABLE 4

MUNSELL COLOURS OF NEPHRITE, SEMI-NEPHRITE
AND TREMOLITE IN DDH 15 AND 16

Depth (m) Rock Colour
___________________________________________________________________________________________

DDH 15

13.50 Tremolite Pale green 10G 6/2 - 10G 7/2 grading to greyish
green 10 GY 5/2.

DDH 16

10.74 Nephrite Between greenish black 5GY 2/1 to dark greenish grey
5GY 4/1.
10.95 Nephrite Dusky green 5G 3/2 grading to  greenish black 5GY 2/1 and

dark greenish grey 5GY 4/1.
11.00 Tremolite Milky opaque band:  greyish yellow green 5GY 7/2

grading to greyish green 10GY 5/2.
11.07 Nephrite Dusky green 5G 3/2.
___________________________________________________________________________________________
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Nephrite - Outcrop 34

Outcrop 34 consists of subdued bouldery float and outcrop covering an area of 3.3 x 0.8m.  Nephrite is pale

green but tends to be medium grained and contains zones of pale green to greyish green, opaque tremolite.  The

variations are to be expected and do not preclude the possibility of high-quality nephrite existing within Outcrop 34.

Country rocks are poorly exposed and consist entirely of banded calc-silicate gneiss, though massive chlorite

and altered dolomitic marble are expected at depth.

Nephrite - Outcrops 35 and 36

The two outcrops are considered together as the two-bench quarry and irreconcilable discrepancies with

earlier mapping blur the distinction between them.  Two features are pronounced for Outcrops 35-36; chlorite is very

abundant and D4 shearing and schistosity are strongly developed.

As at Outcrop 32, nephrite pods are within the much more extensive dark green, chloritic rocks.  All rocks

including marble exhibit shearing, and sigmoidal D4 schistosities are evident in chlorite schist.  Nephrite and

tremolitic rocks tend to form small blocks because late-stage D4 jointing commonly has spacings of only 5-20cm. 

The close-spaced joints and blocky fragments indicate late-stage brittle D4 fracturing rather than the usual D4 ductile

shearing and schistosity development.  Shearing is more widespread than the interpreted shear zones shown on

Figure 23.  Most nephrite, semi-nephrite and tremolite samples examined petrographically show evidence of D4

schistosity (6230 RS 344, 366, 367 and 370).  Several samples reveal prolonged D4 shearing, schistosity

development and folding of earlier structures - more so than jade from other outcrops.

As alteration is so extensive, the pre-nephrite mineralogy is difficult to determine.  Structures in outcrop

indicate that dolomitic marble strikes into the metasomatic zone.  Tremolite schist from within that alteration zone

and intersected in DDH 15 at 16.40m, indicates the pre-nephrite assemblage contained phlogopite, diopside and

tremolite.  Dolomitic marble in the quarry face also contains pyrite.  Metasomatism of dolomitic marble as proposed

by Parker (1981) where tremolite and calcite are end products is supported by petrography of 6230 RS 344 where:

- clots of (early - formed?) coarse-grained tremolite to 0.5mm contain interstitial calcite

- nephrite fibre bundles of 0.01mm length contain interstitial calcite

- calcite which is mobilised into veins and subsequently folded during continued D4 shearing.

Jade from Outcrops 35-36 often exhibits a pale green outer skin along D4 joint surfaces (Munsell colours of

pale green 10G 6/2 to greyish green 10GY 5/2) but with an inner, dark green core (Munsell dusky green, dark
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greenish grey to greenish black).  In addition, mottled texture and colours are evident as in semi-nephrite from

Outcrop 52 (Plate 36).  The hand specimen colour is dependant upon the microstructure.  Fine-grained mats of

tremolite fibres, averaging only 0.01mm and ghosting previous 2-3mm diopside, tremolite or dolomite grains tend to

be dark green and partly translucent.  However, domains of coarser tremolite, in aggregates and as discrete grains to

0.8mm, tend to be pale green and milky opaque (6230 RS 346).  As found in the other nephrite, this is probably the

cause of orange-peel texture from uneven polishing.

Massive and schistose tremolite rocks are common at Outcrops 35-36 but do not have the toughness, colour

or polishing characteristics to be classed as nephrite or semi-nephrite.  This is caused in part by:

• coarser tremolite such as described above for the pale green, milky opaque zones in mottled jade even though

the tremolite is partly fibrous;

• although foliated nephrite may still be well polished, translucent and green it does not exhibit toughness in all

directions;

• lack of fibrous texture.

Pale green and greyish green opaque tremolite in 6230 RS 367 at 13.38m in DDH 15 is fine grained but not

fibrous.  Two forms of tremolite are present but neither can be described as nephrite in terms of colour and ability to

take a polish.  Both forms consist of equant to poorly elongate tremolite with average length:breadth ratios of only

2:1, with finer grained portions having an average crystal length of less than 0.01mm, which is as fine as fibres in

nephrite.

Many of the chloritic, tremolitic and semi-nephritic rocks are schistose, often exhibiting two schistosities,

both interpreted as D4 and formed by continued heterogeneous simple shear.  The two schistosities in 6230 RS 366

are only 25o apart whereas, in the less deformed P99/73 sample from Outcrop 32, they are about 30-40o apart. 

Semi-nephrite of 6230 RS 366 is composed of fibre sheaves and bundles only 0.02mm long but aligned in an

interlocking network in two identical schistosities.  Other samples e.g. P99/73 from Outcrop 32, usually exhibit

variable strain with the sigmoidal cross-schistosity in less-deformed zones.  At times the less-deformed zones contain

clots of coarser-grained aggregates and individual tremolite prisms to about 0.5 - 0.8mm across (6230 RS 344 and

346) suggesting that continued shearing contributes to finer grain size and felted nephrite texture.

Veins of tremolite or calcite ± tremolite tend to be more common than at other outcrops and were openly

folded during development of the D4 schistosity (6230 RS 344, 346 and 367).  Calcite veins appear to be earlier,

consist of granoblastic grains to 0.7mm, and are openly folded with attenuation of fold limbs.  Calcite veins contain

minor tremolite which is fibrous and aligned parallel to axial planes and associated cleavage.  Tremolite veins are

more planar and are obviously late-stage phenomena.  Tremolite veins are only 0.1 - 0.2mm wide and contain single
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fibres extending from wall to wall.  Fibres are orientated at a high angle to the vein wall, though in 6230 RS 367

fibres are also oriented so that they are continuous or parallel with the surrounding schistosity.  Similar veins of

tremolite are observed in other jade outcrops e.g. N end of Outcrop 15 prior to mining in December 1987, but are

often up to 10mm wide.

Pyrite also formed as cubes to 15mm across in D4 chlorite schists.  The ubiquitous dusting opaques in

nephrite and staining along D4 fractures are assumed to be goethite or limonite.

OUTCROPS 37-38, TALC DEPOSIT AND ORNAMENTAL MARBLE

REFER Figures 27-29 (Plans 89-178, 89-179, S20830)

Mining and Tenement History

MC 4827, the first claim within the Cowell Jade Province was registered on 17 June 1965 to H.A. Schiller. 

However, the claim was for ornamental marble and at that time, the four jade occurrences (Outcrops 6, 37-39) had

not been discovered.  Schiller mined 30t of marble from near jade Outcrops 37 and 38 in 1965.  The first recorded

production of nephrite was two years later.  18kg of nephrite and 136kg of marble from MC 4827 and 4926 were

sold to Pacific Nephrite Company, USA (Olliver, 1984).  About 0.1t of jade was also mined by Schiller in 1968, but

although nephrite is still exposed the outcrop has not been mined for jade since.

MC 4827 was transferred to Jade (Australia) Pty Ltd on 27 July 1972 and converted to ML 4128 on 10

September 1973.  Under the Mining Act, 1972 as amended, marble for ornamental purposes was classified as an

extractive mineral and EML 4454 was registered on 3 March 1975.  ML 4128 and EML 4454 were transferred to

Cowell Jade Pty Ltd on 16 December 1976.  Both are currently held by Gemstone Corporation of Australia Ltd.

In 1976, trial mining techniques of blasting and drilling holes by thermic lance and Cobra drill were tested at

Outcrop 37; results are presented in Scott et al (1978).  None of the carvings subsequently crafted at the O'Halloran

Hill College of Further Education were apparently of jade or talc from Outcrop 37.

Carving-grade green and grey-green talc have been known and bulldozed since 1965 (Steel, 1967). 

Production details are incomplete but quantities are small.  However, 8t of talc were mined by backhoe by Gemstone

Corporation from near Outcrop 37 in April 1987, including a 1t boulder.  120 kg of carving-grade talc was

recovered in early 1968.
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Geological Mapping

The deposit was examined in 1965 at a time when ornamental slabs of serpentinised marble were required

for the Melbourne market.  Although colour patterns (light grey dolomite and yellow green serpentine) were observed

to be irregular and blotchy, 'this enhances their appearance and hence economic value' (Steel, 1967).  In 1965, the

deposit had already been worked by bulldozer and blocks to 5t had been recovered.  Reserves were assessed at not

less than 32 000t.  A band of dark-green talc, about 3m wide and traceable for 60-70m, had also been partly

bulldozed.

Mason (1968) surveyed and mapped the deposit in detail.  By then jade outcrops 37 and 38 had been

discovered and 9 jade samples examined petrographically.  Conclusions from his mapping include:

- high quality nephrite was apparently related to the present ground surface (but no evidence was presented to

support his conclusion)

- reserves of marble were assessed for each of the categories yellow, green and white (actually light grey)

- abundant E-W fractures were observed with dominantly left-handed (sinistral) displacement

- only 20% of the assessed reserves were considered suitable for ornamental slabs because of the abundant

and closely-spaced (D4) joints

- aplite and pegmatite dykes intruded parallel to the E-W (D4) fractures.

Additional petrography of serpentine marble, nephrite, diopside + nephrite and chlorite + tremolite samples

was carried out during reconnaissance geological mapping of the Cowell Jade Province (Nichol, 1974a).  No

additional geological data were obtained during the trial mining program in 1976 (Scott et al, 1978).

In 1983 when green marble was sought for use in New Parliament House, Canberra, the quarry was re-

mapped and surveyed by D.A. Young and A.J. Smith (SADME).  Additional geological data were collected by the

authors and Andi Sulaeman, Wilher Simandjuntak and Sumitra Atmanwinata in April 1987 during mining of talc by

Gemstone Corporation.

Site Geology

The essentially 'pre-mining' geological mapping of Mason (1968) Figure 27 shows many similarities to the

mapping of 1983-1987, Figure 28.

Stratigraphy

The sequence appears to face east and consists of basal Warrow Quartzite units unconformably overlying

Archaean Miltalie Gneiss (Figure 28).
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Miltalie Gneiss consists of coarse-grained, leucocratic, quartz + feldspar + biotite gneiss with abundant

pegmatite.  Grain size is distinctly coarser than in migmatitic gneiss within Warrow Quartzite.  Gneissic banding is

broad - often 1-2m thick.  The contact with Warrow Quartzite is apparently unconformable but was not mapped in

detail; gneissic layering in units both above and below the presumed unconformity are apparently parallel.  The

unconformity is apparently marked by a quartzitic unit 1-2m thick.

Units above the unconformity consist of quartzite (massive to flaggy), podded sillimanite gneiss grading to

sericite schist, dolomitic marble, banded calc-silicate gneiss (locally retrogressed and epidote rich) and migmatite

gneiss.  All are interbedded and quartz content of units apparently increases eastwards.  All units are interpreted as

part of the banded calc-silicate gneiss at the base of Warrow Quartzite, grading eastwards into the more typical

Warrow Quartzite lithologies including their migmatised equivalents.  Additional details of each lithology are

provided on the Legend for Figure 28.

Structure

Lithological layering and gneissosity predominantly strike at 20-30oM and dip eastwards (Fig. 29), hence the

sequence is apparently upright, facing and dipping east.  However, some recordings are west dipping and J. Johnson

(pers. comm. in Mason, 1968) suggested that the quarry was located on a west limb of a N-plunging anticline, but

this is probably a regional D3 anticline.  Tight to isoclinal D2 folds are probably present and the S2 gneissosity is

strongly developed - at times S2 is demonstrably across S0/S1 layering and gneissosity.  Geological mapping by

Mason (1968) and the authors in 1983-1988 failed to locate dolomitic marble north of the quarry.  Detailed

observations by D.A. Young in 1983 at the quarry face, 25m south of Station A, but not recorded here suggest that a

D2 hinge is exposed and is the most probable explanation why dolomitic marble does not extend further to the N-NE.

D3 folds with a retrogressive S3 schistosity are also present, particularly in sericite schist after podded

sillimanite gneiss.  Folds are open, N-plunging with moderate-to-steep fold axes plunging 45-65o towards 020oM and

consistently have Z-vergence.  Short limb orientations typically strike 135oM (Figure 29).  S3 schistosity in podded

sillimanite gneiss grades to a mylonitic schistosity.  Nephrite jade outcrop also contains a schistosity of identical

orientation to S3 which may be a relict S3 schistosity rather than an S4 schistosity developed broadly synchronous

with jade formation i.e. D4.

Mason (1968) observed a closely-spaced set of D4 cross-fractures and joints, dominantly with sinistral

displacement.  These are consistent with observations from the current 1983-1988 geological program for much of

the northern part of the Cowell Jade Province and are also consistent with the sense of shear determined from

sigmoidal foliations (Flint et al, 1988).  However, Mason (1968) also mentioned aplite and pegmatite dykes as
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having been intruded along these (D4) fractures but they were not observed during mapping in 1983, and are

consequently not shown on Figure 28.

The prominent D4 fracture adjacent to the nephrite jade outcrop and which has obviously controlled

metasomatic activity strikes at 140oM.  The adjacent nephrite and semi-nephrite contains a D4 crenulation, developed

on a relict S3? schistosity, which has a subparallel strike at 135oM.  D4 joints within nephrite and semi-nephrite are of

somewhat variable orientation but strike within the range 100o-160oM.

Nephrite

The nephrite outcrop as mapped (Figure 28) consists of both nephrite and semi-nephrite in a lens 5 x 2m,

and is apparently Outcrop 37 rather than Outcrop 38 of Nichol (1974a, 1977) and Scott et al (1978).  The jade is of

variable quality with a range of grain sizes (P870/66 to P878/66).  The typical fine to very-fine-grained nephrite

varies from massive to orientated (presumably S4 schistosity) and contains coarser individual crystals and crystal

aggregates with grain sizes in the range of 0.4-1.5mm but which can still be fibrous.  Fractures are iron stained and

accessory phases are opaques, apatite and chlorite.  Presumably the uneven grain size causes the orange-peel texture

on polished surfaces, identical with that of semi-nephrite from Outcrop 52.

Colour is variable but does include some nephrite with a green rather than yellow-green hue and with slightly

higher chroma i.e. about Munsell 5G 3/4.  Despite that, the tone is still quite dark.

Mason (1968) interpreted that 'better quality nephrite appears to be related to weathering processes at the

present ground surface', but supporting evidence was not cited.  However, the 1983-1988 mapping clearly

demonstrates that the nephrite lens is within a tremolite + chlorite + clinozoisite metasomatic zone with solution

activity controlled by a D4 fracture (Figure 28).  Metasomatism also preferentially extends along strike of dolomitic

marble as previously demonstrated at the Ullabidinie jade occurrence (Parker, 1981).

Talc

Carving-grade talc at Outcrop 37-38 is also interpreted to have formed during D4 metasomatism and an

additional D4 fracture is likely in the vicinity of the talc workings, but direct supporting evidence is lacking.
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OUTCROPS 40-44

REFER Figures 30-32 (Plans 88-88, 88-87, 88-428)

Mining and Tenement History

Outcrops 40-44 were first pegged by E.M.G. Swain and registered as MC 4925 on 21 February 1966

however, the claim lapsed on 27 January 1967.  The area was repegged shortly after by G.E. Swain and registered as

MC 5089 on 16 March 1967.  MC 5089 was converted to ML 3426 on 1 July 1968 (Olliver, 1984).

An option to purchase Swain's ML 3426 was obtained by Spinifex Exploration Pty Ltd (an associate

company of Murumba Minerals N.L.) but was not exercised and expired in January 1971 (Hopwood, 1970;

Hopwood and Coles, 1971).

In early 1973, Australian (Nephrite) Jade Mines Pty Ltd was formed by Swain and obtained ML 3426 on

26 July 1973.  In June 1973, Centamin N.L. obtained the right to explore, mine, extract and market jade on all

tenements held by Australian (Nephrite) Jade Mines Pty Ltd but the indenture was cancelled in November 1979. 

ML 3426 was acquired immediately (21 November 1979) by Cowell Jade Pty Ltd.  The lease is currently held by

Gemstone Corporation of Australia Ltd.

Swain mined an estimated 1.9t of nephrite by backhoe from Outcrops 40-43 during 1968-1972 (Olliver,

1984).  Cowell Jade Pty Ltd mined about 1t of jade from Outcrop 44 during 1985.  Barnes et al. (1986) considered

Outcrops 40, 41, 42 and 44 as possibly mined out.

Geological Mapping

Hopwood (1970) mapped and drilled Outcrops 40-43 with five diamond drill holes.  Drilling failed to locate

extensions to the surface outcrop and the option that Spinifex Exploration Pty Ltd held with Swain lapsed.  Effort

was redirected to Outcrop 55 following the successful drilling of DDH6.  However, this early grid mapping did

observe that:

- N-plunging isoclinal folds were abundant (i.e. D2 and re-activation during mylonitic D3)

- cross-faulting and spatially associated small-scale kink-like folds with steep fold axes were present (i.e. D4

folding and fracturing)

- hybrid pegmatite of coarse K-feldspar with irregular mottled inclusions of chlorite aggregates were present

and referred to as P/G rock.

- dolomitic marble and tremolite/nephrite had a close spatial association.
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Hopwood's (1970) mapping data have been slightly modified and included as Figure 30.

Mapping by Centamin N.L. in 1973 under their indenture with Australian (Nephrite) Jade Mines Pty Ltd

was less detailed but their data are included as Figure 31.  Despite the earlier unsuccessful drilling of five diamond

drill holes totalling 127.39m on Outcrops 40-43, Centamin (in 1973) drilled another five diamond holes totalling

61.70m at Outcrops 41-43.  This drilling was also unsuccessful.

The fact that such an extensive mapping and drilling effort by Spinifex Exploration Pty Ltd and Centamin

N.L. took place on small outcrops with limited production (only 1.9t at that time), seems to suggest the nephrite must

have been of high quality (? paler green and translucent) to have warranted that attention and effort, though the

details have not been recorded.

Nichol (1974a) and Scott et al (1978) recorded brief comments on the outcrops along with petrographic

examination of samples from Outcrops 40 and 43.

ML 3426 was not mapped by the authors during regional geological mapping of the Cowell Jade Province. 

Outcrop 44 was mapped with tape and compass by R.S. Robertson (Senior Geologist, SADME) and D.J. Flint in

March 1985 during backhoe mining by Cowell Jade Pty Ltd.  Cross sections were prepared for the ten diamond drill

holes on Outcrops 40-43 and the data interpreted (Flint and Dubowski, 1986, Plates 7-14).

All available data for Outcrops 40-43 are presented on Figure 30 adapted from Hopwood (1970).  The tape

and compass survey of Outcrop 44 is included as Figure 32.

Site Geology

Units exposed within ML 3426 are dominated by quartzite with interbanded migmatite gneiss and pegmatite.

 Hybrid pegmatite or altered intrusive is abundant, cropping out close to dolomitic marble and jade outcrops. 

Massive and schistose talc, chlorite and epidote rocks are present in addition to the tremolite and jade.  Typical

SE-striking D4 fracture zones are abundant, and apparently displace Outcrop 40 about 120m eastwards from the line

of Outcrops 41-44.

Stratigraphic facing is uncertain (?eastward) and relies on interpretation of regional data including isoclinal

D2 folds and D3 mylonite zones.  Warrow Quartzite is abundant but the dolomitic marble may represent either

attenuated Katunga Dolomite or the basal banded calc-silicate gneiss unit of Warrow Quartzite.

Layering and gneissosity strike at about 020oM and dip 80o westerly but unmapped (D2) isoclinal folds are

abundant (Hopwood, 1970).  The area is close to the hinge zone of a regional D2 fold.  The folds of Hopwood (1970)
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apparently plunge at about 15-30o towards about 020oM, with axial planes possibly dipping steeply east.  Fold styles

appear similar to that at Outcrops 45 and 109, suggesting that D3 folding may have re-activated D2 structures.

Nephrite - Outcrop 40

Outcrop 40, a 3 x 2m pod with talc schist and massive coarse-grained tremolite (Nichol, 1974a) crops out

between dolomitic marble and hybrid pegmatite (Hopwood, 1970).  Massive tremolite rock (tremolitite) contains

relict, coarse-grained, granular tremolite which is 4-8mm across and partly aligned to define a schistosity. 

Recrystallisation has produced a fibrous, felted texture but with a grain size of 3-6mm; too coarse to be classified as

nephrite (Nichol 1974a (P1355/74)).  Scott et al. (1978) described the jade as pale green with tremolite inclusions.

Doubt exists as to the location of DDH1.  Hopwood (1970) showed the pre-drilling (proposed) position on

Outcrop 40, whereas Centamin (1973) and Nichol (1974) indicate that DDH1 was drilled on Outcrop 41.  None of

the holes have been surveyed since drilling, but several drill collar positions are evident at Outcrops 41 and 42.  For

this report and in Flint and Dubowski (1986), DDH1 is assumed to be located at Outcrop 40.

DDH1 apparently drilled across the hinge of a tight D2 fold which has been re-orientated - either by D3

folding or by local folding during D4 adjacent to SE-striking D4 fractures.  Dolomitic marble is in contact with hybrid

pegmatite (P/G rock or chlorite + feldspar rock) with bands of calcite + chlorite schist and laminated calcite +

chlorite + feldspar rock (Figure 29, Cross Section AB; Nichol, 1974a; Flint and Dubowski, 1986, Plate 8).  Calcite

+ chlorite schist bands may represent metasomatised impure dolomitic marble, indicating bands of altered dolomitic

marble within hybrid pegmatite.  DDH1 was the minimum depth required to test Outcrop 40; another 10m of drilling

would have tested the deposit more thoroughly.

Nephrite - Outcrop 41

Nichol (1974a) had recorded Outcrop 41 as a 1 x 0.1m band of nephrite in dolomitic marble.  Scott et al

(1978) state that the nephrite was dark green and contained some black Mn or Fe staining, presumably along

fractures.  Hopwood (1970) showed several small pits and DDH2 was angled westwards under the pits.  Regionally,

layering dips steeply west (70-80o) so the drilling was unlikely to be successful unless D2 folds are present. 

However, calcite + chlorite schists were intersected directly below outcrop of jade and in the contact zone between

quartzite and (weakly) hybrid pegmatite (Figure  29, Cross Section CD; Flint and Dubowski, 1986, Plate 10).  The

drill hole also probably crossed two D4 fracture zones as indicated by brecciated quartzite.

Calcite + chlorite schists in DDH2 are probably metasomatic equivalents of dolomitic marble containing

nephrite in outcrop, but the interpretation of Cross Section CD (Figure 30) requires east-dipping layering from D2
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folding.  Massive hybrid pegmatite (chlorite + feldspar rock) is more abundant in DDH1 than predicted from

outcrop, suggesting extensive replacement (? stoping) of dolomitic marble by pegmatite.

Nephrite - Outcrop 42

Nichol (1974a) described Outcrop 42 as a 3 x 2m pod.  Scott et al (1978) described the jade as pale green

but apparently soft, perhaps weathered.  Although relatively small, the outcrop was the focus of attention in the early

1970's with 4 diamond drill holes - DDH3 and 4 by Analytical Exploration/Spinifex Exploration and DDH12 and 13

by Centamin N.L. (Nichol, 1974a).

None of the four diamond holes intersected jade, or even tremolitic rocks.  All four intersected mostly

quartzitic lithologies.  Limited structural data of Hopwood (1970) suggested an easterly dip and all four drill holes

were planned accordingly, but this interpretation may have been incorrect.  The calcite + chlorite schist band

intersected in DDH3 and 4 dips eastward but other drilling data are more indicative of westerly-dipping layering. 

None of the four drill holes test the western side of the jade outcrop.  In fact, no drill hole in the Cowell Jade Province

which is inclined westwards has successfully intersected nephrite.

D4 fractures are evident in outcrop and vein quartz is orientated along one fracture 20m SW of Outcrop 42. 

Both would have promoted metasomatism of dolomitic marble and nephrite formation, but the drilling revealed that

below and east of Outcrop 42 was mostly quartzite.  Hybrid pegmatite was intersected in DDH3 9-10m below the pit

on Outcrop 42.

Nephrite - Outcrop 43

Nichol (1974a) described Outcrop 43 as a 9 x 2 m lens with nephrite containing hematite inclusions.  Scott

et al (1978) recorded the jade was dominantly dark green.

Petrography of two nephrite samples from Outcrop 43 (Nichol, 1974a, P242/73 and P1366/74) revealed

that the jade was medium to dark green, partly mottled and contained inclusions of hematite, goethite and epidote. 

Nephrite was composed of the typical fine-grained felted mat of fibres with fibre lengths in the range 0.003 - 0.1mm.

 Mottled texture resulted from coarser grained tremolite, both as relicts of former tremolite grains 1-5mm across and

as late-stage, apparently post-nephrite regrowth of tremolite to 1mm.  Also present as impurities were hematite to

0.025mm, chlorite flakes and epidote grains to 1mm across.  Both samples were cracked with incipient limonite

stained arcuate flakes which caused the rock to break into lensoid shapes.  Lensoid fracturing is observed in other

jade outcrops such as Outcrop 35, and is consistent with D4 simple shearing.  Although fractured, the jade is

otherwise massive and non-foliated.
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Petrographic samples given in Nichol (1974a) (P242/73, P1366/74) were collected after the 1968-1972

mining of 1.9t from Outcrops 40-43.  The quality of nephrite shown by the petrographic samples probably do not

match that of jade mined.  Presumably the quality of surface outcrops prior to mining was higher, as the drilling of

four diamond holes totalling 62.73m was considered warranted.  DDH5 was drilled by Analytical Exploration /

Spinifex Exploration in 1970;  DDH 9, 10 and 11 were drilled by Centamin N.L. in 1973.  Again, drilling was

unsuccessful with jade, described as `minor jade fragments', intersected in only one hole (DDH11) (Nichol, 1974a).

Interpretation of the drilling is difficult as near-collar core rarely matches the mapped outcrop.  For example,

DDH10 is along strike of dolomitic marble yet the first 3m intersected feldspathic gneiss; DDH11, apparently

spudded in outcrop of massive tremolite yet the first 4.5m of core was quartzofeldspathic gneiss.  Some of the drill

holes left little to chance and were spudded only 1.3m from jade outcrop!  An interpretation of the drilling is

presented in Cross Section KL (Figure 30) and in Flint and Dubowski (1986, Plate 14) based on the data and drill

hole locations as recorded by Hopwood (1970), Centamin (1973) and Nichol (1974a).

All drill holes intersected combinations of calcite + chlorite schist, chlorite schist, massive epidotite,

serpentine + chlorite schist, talc schist, and massive tremolite + actinolite rocks.  That is, the typical range of

metasomatic products from either emplacement of (now) hybrid pegmatite or from solution activity along D4

fractures.  D4 fractures were not mapped at Outcrop 43 (Hopwood, 1970) but are probably present.

All metasomatic, retrograde assemblages are between contacts of dolomitic marble/quartzofeldspathic gneiss

or dolomitic marble/hybrid pegmatite (chlorite + feldspar rock).  Quartzofeldspathic gneiss is interpreted as

migmatite gneiss, migmatised Warrow Quartzite and essentially equivalent to isoclinally folded quartz + mica schist

in outcrop (P 1356/74 of Nichol, 1974).  DDH11 in particular intersected 3.5m of massive tremolite (not nephrite

and semi-nephrite) ranging in colour from white (?pale green) to dark green with 'minor jade fragments'.

Metasomatic zones are extensive in the vicinity of Outcrop 43, but the four drill holes tested only a very

small area surrounding one jade outcrop.  At Outcrop 35, massive jade grading to coarser tremolite rocks is found

throughout such metasomatic zones.  Because current knowledge is inadequate to predict nephrite distribution within

these zones, Outcrop 43 is still considered to have potential to yield nephrite.

Nephrite - Outcrop 44

Nichol (1974a) described Outcrop 44 as a 4x3m pod, although Centamin (1973) mapped two pods about

50m apart along strike of dolomitic marble (Figure 31).  A second jade outcrop observed when mapping the backhoe

pit, about 20m N, tended to be coarse grained and was, at best, only semi-nephrite.
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Nephrite pods were small and cropped out along the contact of dolomitic marble and quartz-rich schist of

Warrow Quartzite.  Small pods that existed prior to backhoe mining cropped out over a 5m strike-length but would

not have formed a 4x3m lens as described by Nichol (1974a).  However large boulders i.e. about 250kg had been

removed by hand mining prior to geological mapping.

Some of the nephrite collected by hand-mining and to a lesser extent from backhoe mining are reported to

have been absolutely black rather than the more typical green black or the rare blue black of Outcrops 69 and 15.  In

addition, the black nephrite was very fine grained and homogeneous producing a brilliant polish.  Coarse-grained,

green epidote inclusions to about 20mm across were present, but added attractive colour.

Nephrite quality varied rapidly and much of the material recovered was at best only semi-nephrite grade. 

Varieties included dark green black nephrite but most boulders contained coarser-grained, massive tremolite which

ranged from pale green and milky opaque to dark green and ?actinolitic.  Rare pieces contained isolated tremolite

needles to 20mm long in a nephrite and semi-nephrite matrix.

The eastern wall of the backhoe pit exposes predominantly schist with retrograded ?sillimanite clots, but

minor coarse-grained calc-silicate is also present.  The western wall contains weathered calc-silicate, mostly as

massive tremolite boulders to 0.5m diameter.  No unaltered dolomitic marble is exposed.  All lithologies are deeply

weathered, stained by yellow goethite/limonite and most boulders contain coatings of secondary carbonate.

Prominent D4 fractures were not observed, nor was hybrid pegmatite, although exposure is generally poor. 

Metasomatic alteration is limited by comparison with other localities such as Outcrop 43 and the controls to jade

formation are not apparent.
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OUTCROPS 45 AND 109

REFER Figures 33-34 (Plans 88-89, S 20218)

Mining and Tenement History

Outcrops 45 and 109 were first pegged by Australian (Nephrite) Jade Mines Pty Ltd and registered as MC

194 on 26 June 1973.  MC 194 was converted to ML 4339 on 10 December 1973.  From June 1973 to 4 July 1979,

Centamin No Liability had an indenture agreement to explore, mine, extract and market jade on all tenements held by

Australian (Nephrite) Jade Mines Pty Ltd.  Following cancellation of the indenture, ML 4339 was transferred to

Cowell Jade Pty Ltd on 21 November 1979.  The lease is currently held by Gemstone Corporation of Australia Ltd.

There is no recorded production from either outcrop though both have small prospecting pits from hand

mining by pick, shovel and crowbar.

Geological Mapping

Under the indenture agreement with Australian (Nephrite) Jade Mines Pty Ltd, Centamin N.L. mapped MC

194/ML 4339 in September 1973 and identified six small separate jade lenses, the largest of which was about 15m

long (Centamin, 1973).

Follow-up mapping by Nichol (1974a) failed to locate the same outcrops and only one was identified;

Outcrop 45 which was 0.2x0.2m.  However, Barnes et al. (1980) located another outcrop - Outcrop 109 which was

described as 2 x 0.2m.

Additional data were collected by the authors during regional geological mapping of the jade province in

1982-1985.  Available data have been combined and are presented as Figures 33 and 34.

Site Geology

The sequence at Outcrops 45 and 109 consists of gneissic augen granite of Miltalie Gneiss and massive

quartzite and banded calc-silicate gneiss comprising lower units of overlying Warrow Quartzite (Figure 33).  The

broad stratigraphic facing is westwards but is locally reversed by abundant D2 folds.  The exact position of the

unconformity was not mapped and is in part obscured by Kimban Orogeny migmatisation and D3 mylonitisation. 
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The unconformity corresponds to either:

- the eastern limit of banded calc-silicate gneiss, or

- the western limit of gneissic augen granite.

In between the two limits is a 10-20m zone of migmatite gneiss.

Structure

D2 folds are particularly abundant, as Outcrops 45 and 109 are only about 100m east of a regional D2

synformal fold hinge.  D2 folds are more abundant and more readily observable than at any other jade outcrop.

D2 folds are tight to isoclinal.  Layering and S1 gneissosity consistently strike at 015-024oM but exhibit

distinguishable limb orientations about 15-20o apart (Figure 33).  Where one orientation is dominant in outcrop, then

the D2 vergence is consistent and reverses where the other orientation is dominant.  Symmetrical folds are common. 

Typical fold symmetry is sketched in Figure 33.  (Folds shown on Cross Section FF' (Figure 33) are inaccurately

depicted as perfectly isoclinal).

Fold axes plunge NNE, averaging about 35o towards 010oM, although there is some scatter of the data some

and isolated SSW plunging folds.  Axial planar structures are variably developed, and in places form a gneissosity. 

The variation in axial planar structures combined with fold axes reversals, suggest that D3 folds are present and have

re-activated D2 structures.  Re-activation has changed the fold profiles so that some folds are more open than shown

in Figure 34.

Mica-rich portions of migmatite gneiss between massive quartzite and dolomitic marble are in part schistose

and mylonitic, suggesting that D3 mylonite zones may also be present but have not been mapped.

D4 features exhibit many similarities to those at other jade outcrops.  The ubiquitous D4 joints strike about

120oM and dip steeply SW (Figure 34).  One outcrop shows a return to ductile deformation after the brittle jointing,

with open folding of the D4 joint.  Fold limb orientations of the D4 joints are 81o towards 200oM and 49o towards

349oM, with an apparent axis of rotation plunging 30 towards 285oM.  The pole to the joint plane has been rotated

about 60o.  One fracture cleavage is present, and like S4 schistosities in other jade outcrop, it has the same strike as

typical D4 joints but dips steeply NE rather than paralleling the joint's steep SW dip (Figure 34).  One outcrop

exhibits a very late, planar joint dipping shallowly NNE which cross-cuts the folded S4 joint.  Similar late, shallow

NNE dipping D4 joints were observed at Outcrop 76 (Figure  48).
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A quartz vein striking 170oM, is interpreted to have intruded along a D4 fracture zone which displaces the

dolomitic marble with dextral offset.  Gneiss units are strongly epidotised to the north of the fault (epidotic quartzite

unit) but apparently not epidotised south of the fault.  Solution activity away from D4 fracture zones is often

observed to be restricted to one side of the fracture.

Nephrite

As the outcrops are small and of low quality, they have received little attention.  No attempt was made by

the authors to examine all the outcrops apparently found by Centamin N.L. in 1973.

Outcrop 45 is 5x0.6m but consists of massive, coarse-grained tremolite.  The texture is jade-like but very

coarse with radiating aggregates to 10-20mm across as well as a coarse-grained interwoven mat texture.  Outcrop is

at the contact of dolomitic marble (eastwards) and mica-rich gneiss (westwards), but this observation is not

consistent with mapping by Centamin N.L.

Outcrop 109 is similar, consisting of coarse radiating aggregates (10-20mm across) as well as fine and

coarse-grained interwoven mats of tremolite fibres.  The tremolite rocks vary from massive to locally schistose.  The

age of the schistosity was not determined, but tends to be mylonitic and orientated approximately parallel to layering.

 Outcrop 109 like Outcrop 45 is at the western limit of a dolomitic marble bed.

Pegmatite containing epidote veining crops out in migmatite gneiss immediately west of both outcrops.

OUTCROP 52

REFER Figures 35-36 (Plans 88-90, S 20219)

Mining and Tenement History

Outcrop 52 was first pegged as MC 706 which was registered on 23 September 1975 to Jade (Australia)

Pty Ltd and subsequently converted to ML 4578 on 13 May 1976.  Along with other assets of Jade (Australia) Pty

Ltd, this lease was acquired by Cowell Jade Pty Ltd (now Gemstone Corporation of Australia Ltd) on 16 December

1976 and was still current as at 30 June 1988.

Samples from Outcrop 52 were collected by Scott et al (1978) during the trial mining program and carved at

the O'Halloran Hill College of Further Education.  Three pieces were carved by David Dowie and Alan Lowrie in

jade that ranged between pale green and dark green.  Both Nichol (1974a) and Scott et al. (1978) described the lens

as 5 x 1 m.
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In 1978, about 300-350 kg of 'good, green jade' was reportedly mined by pick and crowbar by a party other

than the leaseholder.  It was the quality and colour, green to yellow-green, fine grained and deeply translucent jade

that gave Outcrop 52 the reputation of being able to provide top-quality nephrite.  Hence, Cowell Jade Pty Ltd

quarried the remainder of Outcrop 52 in 1981, although the resultant quarry was 6m deep (Figure 35) mining was

rapid, and what jade did exist, was blasted directly onto the dump.  Hand sorting collected 1t jade (Olliver, 1984) of

which only 20-50 kg was top-quality, yellow-green, translucent nephrite (H. Carmody, 1985, pers. comm.).

Little jade remains and the deposit has been regarded as worked out.

Geological Mapping

Geological mapping by the authors was in November 1985 with theodolite surveying by A.J. Smith (Field

Assistant).  Additional sampling in 1987 was by Wilher Simandjuntak, Andi Sulaeman and Sumitra Atmanwinata

(6230 RS 415 - 418).

Site Geology

Stratigraphic data is scarce as only 50-60 m of stratigraphy was mapped.  Preliminary interpretation is that

the host dolomitic marble is at the base of Warrow Quartzite.  Regional mapping data suggests that the sequence

faces westwards and hence from west to east consists of:

Migmatite Gneiss - ? Warrow Quartzite

Dolomitic Marble - ? Warrow Quartzite (basal)

Migmatite Gneiss - ? Archaean Miltalie Gneiss

However, migmatite gneiss was not differentiated during the 1982 mapping.  Migmatite on both the NW and

SE sides of the dolomitic marble consists of pinkish red, massive, coarse-grained segregations of quartz and feldspar

with biotite-rich gneissic melanosomes.

Dolomitic marble is typically coarse-grained with a primary grain size of 2-5mm, grey, dark brown on

weathering surfaces but relatively free of non-carbonate phases (serpentinised olivine, diopside etc).

Nephrite crops out not only in the quarry but also in four small separate outcrops (Figure 35).  As at many

other outcrops, the largest lenses tend to be along or near the eastern (footwall) contact of the dolomitic marble.  Jade

formation appears to be controlled by:
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- alteration and metasomatism during intrusion of granite (RS418), and/or

- metasomatism during D4 fracturing.

Tremolite + chlorite alteration assemblages exist:

- along the footwall contact of dolomitic marble (Figure 35),

- as bands parallel to layering,

- along a prominent D4 shear zone exposed in the middle of the quarry face,

- and adjacent to an altered intrusive dyke or sill (Figure 35).

Although a D4 quartz vein traverses dolomitic marble, there is no alteration or metasomatism with associated

formation of tremolite, nephrite or chlorite as might be expected.

 Structure

All units dip relatively uniformly NW i.e. strike 045oMN and dip 60oNW (Figure 35).  D3 folds were not

observed within the mapped area.

Tremolite + chlorite rocks vary from massive to schistose, but where schistose apparently contain only D4

schistosities.  The D4 schistosity is not only variable in orientation but along the footwall contact of dolomitic marble,

two schistosities are present.  One strikes 020oM whereas the other has a more typical E-W S4 orientation.  The 020o

schistosity may be S3 but is very similar to the D4 020oM tremolite + chlorite schistosity at Outcrop 24.  Both

tremolite + chlorite schistosities as well as adjacent S1/S2 gneissosity are gently folded about an axis plunging 66-70o

towards 270oM.

D4 jointing strikes more consistently at about 125oM, in contrast to the S4 schistosity which is E-W.  10m N

of the quarry, a narrow quartz vein parallel to the jointing has a foliation which parallels both the vein and joints.

Altered Adamellite

In the middle of the NE quarry face mostly obscured by scree, is an altered adamellite (Enlargement, Figure

35) similar to others exposed in quarries at Outcrops 14, 32 and 69.  The altered adamellite (6230 RS 418) is coarse

grained, has been strongly deformed and recrystallised, and contains 15% of late-stage (post-deformation) tremolite

or actinolite in acicular, radiating aggregates.  Epidote (?) forms fine-grained aggregates to 1mm across.  The

tremolite/actinolite is concentrated along late-stage fractures and post-dates most of the deformation and

recrystallisation.  Massive tremolite and chlorite form adjacent to the intrusive and these zones also contain minor
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nephrite (Figure 35), immediately adjacent to a D4 tremolite schist band.  As at Outcrop 69, the combination of

altered granite or adamellite with prominent D4 fracturing seems to be a key to jade formation.  The original 5 x 1 m

outcrop and adjacent rock which would probably have provided confirmatory evidence have been completely

removed.

Nephrite

Nephrite still exposed within the quarry and up to 30m away along strike of dolomitic marble, is variable in

quality but tends to be consistently pale coloured.  Colours range from pale creamy green, through light green to

medium green.  Dark green to green black jade appears to be absent and the jade is apparently consistently low in

iron content.  Of particular note is 6230 RS 343 which is the palest-coloured jade so far found at Cowell.  The colour

is of a yellow hue with very light tone and low degree of saturation, (about Munsell 10Y 9/1 - pale greenish yellow). 

6230 RS 343 is identical with very pale nephrite or semi-nephrite from adjacent Outcrop 53 (i.e. 6230 RS 426) and

is the closest yet found at Cowell to a `mutton-fat' colour.  6230RS343 exhibits colour mottling caused by dual

tremolite grain sizes within the nephrite.  Coarse-grained, elongate tremolite grains up to 1mm in length are

concentrated in discrete patches.  Between these are massive aggregates of fine-grained, randomly-orientated

tremolite fibres with an average grain size of 0.01mm.  Dusty opaques are unusually abundant at 8%, and ovoid

apatite is present in trace amounts.

Translucent, pale to medium, yellow green jade was collected from a small pod less than 1m long, 8m from

the quarry face (6230 RS 350).  Although of good colour, a saccharoidal texture was evident and samples did not

polish evenly.  Petrographic examination revealed at least three generations of tremolite.  Initial elongate and

coarse-grained tremolite ranges up to 1.5mm in length but exhibits substantial replacement by typical nephrite as

fibrous mats of fine tremolite of only 0.01mm average grain size.  Within many mats, tremolite fibres are often

aligned and this tremolite 'schistosity' has been crenulated or kinked.  Coeval with this kinking, is recrystallisation of

coarser, prismatic tremolite with a common grain size of 0.1 - 0.5mm.  The earliest coarse-grained tremolite

probably formed during D3, with formation of nephrite and later recrystallisation during D4.

A sample from the footwall contact of dolomitic marble exposed in the quarry (6230 RS 349) is very

similar.  Colour mottling of hand specimens is again due to partial replacement of coarse-grained tremolite up to

5mm by fine-grained mats of fibrous tremolite, with an average grain size of 0.04mm.  Fibrous tremolite in the mats

is commonly aligned forming an S4 schistosity which has been crenulated.  The crenulation is regarded as late D4 and

correlates with the open folding phase (fold axis 66o towards 270oM) which folds two schistosities observed in

tremolite in the quarry.
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Pale green nephrite grading to semi-nephrite from the dump is very similar i.e. 6230 RS 360 and RS 416. 

However, two additional dump samples show variations on this theme.

6230 RS 417 is classed as `massive tremolite' too coarse-grained for nephrite or semi-nephrite.  Although

'coarse', it still has a nephritic texture of felted to interlocking crystals but the amphibole is weakly prismatic to

acicular and up to 1mm long.  Minor (3%) carbonate is intergrown with tremolite.  Skeletal pyroxene (probably

diopside) to 2mm exhibits marginal replacement by tremolite.  This is the only diopside/pyroxene recorded at

Outcrop 52 though the early, coarse-grained phases in other samples which are substantially replaced by mats of

fibrous tremolite, may have contained diopside in addition to the observed relict coarse tremolite.

The second dump sample to show variation is 6230 RS 351, which is semi-nephrite but of a darker green

colour.  It too is schistose with an S4 schistosity consisting of elongate augen of early, coarse-grained tremolite

variably replaced by and within a matrix of fibrous mats.  The fine, fibrous tremolite is often aligned - also in S4. 

Again, this schistosity has been crenulated.  Epidote/clinozoisite is present to 10%, mostly as elongate clusters

parallel to the S4 schistosity.  Minor subhedral clinozoisite, to 0.4mm long, is orientated parallel to the foliation and

apparently recrystallised at a late stage of development of the S4 schistosity.  This clinozoisite apparently

recrystallised at the same time as the late-stage prismatic tremolite of 6230 RS 350.

Hence the ubiquitous colour mottling of nephrite, semi-nephrite and coarser tremolite from Outcrop 52 is

apparently textural with early, coarse-grained tremolite and diopside partially replaced by mats of fine, fibrous

tremolite showing typical nephrite texture.  This is independent of the intensity of the S4 schistosity.  Although

interpreted here as a textural control to the colour mottling, compositional control is also possible but chemical data

are not available.

OUTCROPS 53, 99-100 AND 116

REFER Figures 37-41 (Plans 89-181, 89-186, 89-180,

89-183, 89-185)

Mining and Tenement History

Outcrop 53 was first pegged by B. Stadler and registered as MC 703 on 16 September 1975.  The claim

was converted to ML 4524 on 27 April 1976 and subsequently transferred on 19 December 1978 to Nephrite

Australia Pty Ltd, but cancelled on 3 November 1980.

Production was by Stadler in 1976 and 1977 when a total of 38t of green jade was mined (Olliver, 1984). 

No additional details are available of the jade's quality, though the outcrop had the reputation of yielding good-
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quality, bright-green jade.  At the same time as mining Outcrop 53, a nearby but separate outcrop was bulldozed. 

This has been designated Outcrop 116 by the authors.

Outcrops 99-100 have a very similar history to Outcrop 53.  They were first pegged by B. Stadler and

registered as MC 765 on 21 June 1976.  The claim was converted to ML 4568 on 25 February 1977 and

subsequently transferred to Nephrite Australia Pty Ltd on 19 December 1978 but cancelled on 3 November 1980. 

Mining of Outcrops 99-100 was by Stadler in 1977 and 15t of jade were recovered, but again, details of the quality

are not known.

Geological Mapping

Nichol (1974a) described Outcrop 53 as a lens 0.2 x 0.02m within dolomitic marble.  Production of 38t is

certainly more than expected from original outcrop dimensions but is consistent with geological mapping - see

following section 'Site Geology'.  Outcrops 99-100 were not mapped by Nichol (1974a) during initial reconnaissance

mapping, but were recorded by Scott et al (1978).  Outcrop 99 was described as pale green jade with pre-mining

dimensions of 1.5 x 0.5m.  Outcrop 100 consisted only of dark green jade float.

All four outcrops were mapped by the authors and W. Simandjuntak and A. Sulaeman in March 1987.  The

bulldozer cut to the NE of Outcrop 53, with some jade exposed, was identified as Outcrop 116.  Mapping data are

presented as Figures 37-41.  Eight samples were collected; three were tested by XRD (6230RS 414, 425 and 426 -

Appendix D) whereas all have had thin sections prepared but not petrographically described in detail.  Samples are

6230RS414 and 423-430 inclusive.

Site Geology

Outcrops 53, 99-100 and 116 illustrate several features of interest which are either not present or rarely

observed at other jade outcrops which have been mapped.

1. D4 folds are abundant, and contrast with the brittle jointing and faulting normally observed.

2. S4 is developed as a schistosity, axial plane to folds and a close-spaced fracture cleavage.

3. A N-S folding phase (D5) is superimposed on D4 structures.

4. D5 folding has apparently influenced jade formation at Outcrop 116.
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5. Jade remaining at Outcrop 53 suggests at least some of the jade formed by retrogression of diopside.

6. Intrusion of dykes of porphyritic adamellite during D4.

Stratigraphy

Neither a definitive sequence of units nor a stratigraphic facing has been established.

Lithologies present are dolomitic marble, retrograded sillimanite gneiss, banded calc-silicate gneiss,

amphibolitic gneiss, massive diopside, a variety of quartzofeldspathic to micaceous gneisses and granodiorite gneiss.

The grey to pink, massive, granodiorite gneiss cropping out to the east of Outcrops 53 and 116 is identical

with gneiss at Outcrop 16 and has been interpreted as equivalent to Archaean Miltalie Gneiss.  Contact relationships

of this unit to the dolomitic marble, sillimanite gneiss etc were not observed.

Structure

The key points to the structure at these four outcrops are:

- interpreted D2 folds

- abundant D4 folds, and

- a weakly developed D5 folding phase.

Outcrops 53, 99-100 and 116 are located near or on the hinge of a regional, D2, isoclinal fold.  Available

limited data, suggests that Outcrops 99-100 may be located on the west limb of the synform with Outcrops 53 and

116 on the eastern limb.  D2 isoclinal folds were mapped near the SW corner of the quarry at Outcrop 53. 

Additional D2 folds are interpreted as having caused the repetition of the dolomitic marble at Outcrops 53 and 116

and 99-100.  S1 and S2 data were not recorded separately but multiple foliations in retrograded sillimanite gneiss

suggest that confirming evidence should be present.

Stereographic projections of lithological layering and undifferentiated S1/S2 gneissosity show a pattern

dominated by superimposed D4 folding (Figure 38) i.e. NE and N-striking limbs of D4 folds.  However, the NE-

striking limbs tend to form a two-point maxima no more than 20o apart, which is interpreted to reflect tight to

isoclinal D2 folds.
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D4 folds are more strongly developed than in any other outcrop mapped.  Folds are gentle to open and with a

distinct kink style.  Mesoscopic folds typically have a 20-50m wavelength (Figure 37).  Folds plunge steeply to the

NW, averaging about 75o towards 315oM.  There is little difference between fold axes measured directly and

pronounced rodding lineation formed on sillimanite gneiss by an intense close-spaced, fracture cleavage (Figure 38). 

S4 is represented by a schistosity and a close-spaced fracture cleavage.  Rather than being uniformly distributed, both

are strongly concentrated and largely restricted to hinge zones of folds.  Hinges are often marked by a planar 1-2m

zone of sericite, chlorite or talc schist with a strongly-developed schistosity or intense fracture cleavage.  The average

S4 orientation strikes 115oM and dips 85oN.

Separate plots of S4 data based on the type of axial plane structure (schistosity, fracture cleavage or axial

plane) show almost no differences in orientation, although there are occasional fracture cleavages with no

corresponding schistosity of the same orientation.  One such set at Outcrop 53 dips 55o towards 180oM, and another

at Outcrop 99-100 and dips 85o towards 300oM (Figure 38).  S4 schistosity at Outcrops 99-100 show the same

spread in orientation as at Outcrops 53 and 116.

Porphyritic adamellite dykes were apparently emplaced broadly synchronous with D4 (see following section

'Porphyritic Adamellite').

Another phase of very similar but less intense characteristics is superimposed on the D4 folds and S4 fabrics.

 Folds are rarer, axial planar structures are more commonly a fracture cleavage than schistosity and include a

crenulation of the S4 schistosity.  Although described here as D5 to more clearly distinguish its effects from D4, it

should be noted that D5 has the same style as D4 and that Parker (1981) described two S4 structures.  Those two

structures, S'4 and S"4 are probably the same as S4 and S5 of this report and both may be broadly synchronous with

D4.

D5 folds are characterised by N-S axial planes (strike 170oM, dip 75oW).  Axial planar structures are

schistosity, fracture cleavage and kink folds.  Folds plunge shallowly at 5-20o towards 350oM.  At Outcrop 116, jade

may be controlled by the position of a D5 hinge.  The intensity of D5 structures is apparently related to a regional N-S

fault through Ulbana Reservoir and the Cowell Jade Province (Parker, 1981, Figure 14).  This is located immediately

west of Outcrops 99-100.  Similar folding in proximity to the N-S fault, though not always interpreted as such, is

evident at several other jade outcrops as follows:

1. Open N-plunging fold in layering at Outcrops 35-36.  (This is probably more evident on pre-mining

geological mapping shown in Figure 22).
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2. At Outcrop 24 N-NE trending schistosities in chlorite + tremolite rocks and open folds had previously been

interpreted as possible D3/S3 features.

3. N-S fault and subparallel foliation at Outcrop 114.

Nephrite

Small quantities of nephrite are exposed at Outcrops 53, 99 and 116; all outcrops contain favourable

structures which may have controlled formation of further jade.

Outcrop 53 had a reputation for yielding green rather than dark green or black jade.  Dump specimens show

jade with a green rather than the more typical yellow-green hue.  Jade is commonly in bands only 1-2cm thick along

contacts of diopside and dolomitic marble, suggesting formation by retrogression of diopside rather than

metasomatism of dolomitic marble.  Jade is also found along dolomitic marble/gneiss contacts and in narrow zones

or fractures parallel to other S4 structures.  In all cases, massive nephrite and semi-nephrite grade to the more

abundant schistose tremolite with the S4 schistosity trending about 115oM.  Where the foliation is sigmoidal and both

S and C surfaces are present, the sense of displacement on 115o structures is dextral.  Additional data on tremolitic

rocks are provided on the detailed geological plan (Figure 39).

The only petrography available for tremolitic rocks is semi-nephrite of 6230RS427.  As well as the more

typical fine-grained, nephritic texture the sample contains relict diopside to 1mm, and clinozoisite and coarse

tremolite fibre aggregates.  A late-stage, post-nephrite vein contains clinozoisite and muscovite.

Two samples (6230RS425 and 426) from the contact of dolomitic marble were tested for white nephrite by

XRD (Appendix D).  6230RS425 was found to be a mixture of fine-grained, microcline and clinozoisite.  However

6230 RS 426 contained dominantly amphibole, and is believed to indicate a possibility of finding white nephrite at

Cowell.  6230 RS 426 is very similar to very pale, greenish yellow semi-nephrite from nearby Outcrop 52 (i.e.

6230 RS 343).  Although yellow in hue, the tone is very light and chroma or saturation very low, so that the Munsell

colour is about pale greenish yellow, 10Y 9/1.  Sample 6230 RS 426 is from 25m S of the Outcrop 53 quarry was

immediately adjacent to a D4 quartz vein cross-cutting dolomitic marble.

Although exposure is poor, D4 vergances at Outcrop 99-100 consistently differ north and south of the

quarry, indicating it may be located on the hinge of a larger D4 fold.  Nephrite is again evident both in retrogressed

massive diopside and within dolomitic marble in narrow schistose bands with ?S3 mylonitic schistosity.  If the

schistosity is related to the regional N-S faulting (D5), then displacement is sinistral - as interpreted by Parker (1981).

 Most of the jade mined however would have formed from retrogressed massive diopside which forms a bed up to
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about 4m thick.  Nephrite still exposed in the backhoe pit tends to be translucent, but contains coarser tremolite

prisms (1%) (6230 RS 490).

Sample (6230 RS 414) from 30m N of Outcrop 99 was tested by XRD for white nephrite but proved to be

dominantly epidote/clinozoisite (Appendix D).

Outcrop 116 is small.  An exposure 30x10cm in the pit is and located along the contact of dolomitic marble

and hybrid pegmatite.  It lies within a narrow zone of D5, N-S folds and is also on the possible extension of a D4

shear zone (Figure 41 ).  Hence it occurs in a situation with many factors favourable for jade formation.  The

nephrite tends to be dark green and can contain two foliations -S4 and S5.

Chlorite Schist

Chlorite schists are abundant, particularly at Outcrop 53 and are at least in part retrogressed gneissic

amphibolite.  As large jade outcrops (e.g. Outcrops 15 and 32-36) tend to occur in zones of extensive metasomatism

and retrogression, they are associated with large masses of chlorite schist.  Chlorite schist (e.g. 6230 RS 423)

normally contains a well-developed S4 schistosity and grades into tremolite schist.  6230 RS423 is unusual in that it

contains tremolite needles to about 30mm elongate in the schistosity.  Both tremolite needles and smaller prisms

apparently formed early during D4.

Porphyritic Adamellite

Although metasomatism along D4 structures is commonly extensive, quartz and pegmatite veining are rarely

observed along the fractures.  Outcrop 116 however shows a striking example of porphyritic adamellite dykes

apparently emplaced along D4 faults (Figure 41).  Equivalent porphyritic adamellite has only been observed at

Outcrop 16 (6230RS200) and west of Outcrop 32 (not included in area mapped in detail).

Emplacement is apparently early D4, as dykes are unusually elongate along the S4 direction and

preferentially located at D4 fold hinges, and one dyke is apparently sheared by and slightly displaced along S4.

The porphyritic adamellite dykes are about 2m wide and often have a poorly-defined to vague S4 schistosity.

 Microcline and plagioclase phenocrysts to about 8mm long are set in an adamellitic matrix with an average grain

size of about 0.5mm.  Biotite is present to several percent and superimposed S4 fractures are infilled with epidote.
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OUTCROPS 55-57

REFER Figures 42-44 (Plans 88-91, 88-429, S 20220)

Mining and Tenement History

MC 5206 over Outcrops 55-57 was first pegged by H.A. Schiller and registered on 11 January 1968.  The

claim lapsed on 18 August 1967, was re-registered as MC 5308 on 12 September 1968, transferred to Jade

(Australia) Pty Ltd on 25 July 1972 and converted to ML 4130 on 10 September 1973.  All of the assets of Jade

(Australia) Pty Ltd were acquired by Cowell Jade Pty Ltd with transfer of the lease on 16 December 1976.  The

lease is currently held by Gemstone Corporation of Australia Ltd.

Several kilograms of jade were taken from Outcrop 55 during Stage III of a trial mining program in

September to October 1976 conducted by SADME (Scott et al., 1978).  However, the trial mining pit is 50m SSW

from the main outcrop of Outcrop 55.  Several samples were carved at the O'Halloran Hill College of Further

Education (Scott et al., 1978).

Following SADME geological mapping, Gemstone Corporation mined 37t of green jade from immediately

east of the collar of DDH6.

Geological Mapping

Murumba Minerals N.L. in 1970-71, under an option to purchase MC 5308 from H.A. Schiller,

geologically mapped MC 5308 (Hopwood and Coles, 1971).  Investigations included one diamond hole at Outcrop

55 (DDH 6, 17.52m) which, with four intersections of jade is the most successful of the 17 holes drilled for jade in

the Cowell Jade Province.  Drill hole log for DDH6 is included in Hopwood and Coles (1971) but more details are

available in Nichol (1974a).  Geological mapping of Hopwood and Coles (1971) has been slightly modified and

represented here as Figure 42.

Outcrops 55-57 were remapped in April 1987 by Wilher Simandjuntak, Andi Sulaeman and Sumitra

Atmanwinata and the authors.  EDM surveying, was by M.W. Flintoft (Field Assistant, SADME).  A preliminary

interpretation of a cross-section through DDH6 and Outcrop 55 was presented in Flint and Dubowski (1986).  A

revised interpretation of the geology is included as Figure 43.

The estimated size of Outcrop 55 has varied with each mapping program.  Hopwood and Coles (1971)

showed seven separate outcrops the largest being 30m long and separated by only a few metres from another lens

27m long (Figure 42).  Another 5 lenses cropped out over the next 80m of strike.  The two largest outcrops were
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apparently combined by Nichol (1974a) who recorded Outcrop 55 as 60 x 0.5m.  However the 1987 SADME

mapping revealed much smaller outcrops.  The main outcrop on the northern end is only 7m long with other smaller

lenses or occurrences which crop out southwards along the marble/gneiss contact.

Topographic details of Figure 43 are now outdated, because Gemstone Corporation has since mined jade

from between DDH6 and the previously exposed jade.

Site Geology

The sequence of units at Outcrops 55-57 is in two parts.  To the west of Outcrop 55 and to the west of a

mylonite zone (Figure 43) is a sequence of:

Banded Iron Formation - Lower Middleback Jaspilite

Dolomitic Marble      - Katunga Dolomite

Quartzite             - Warrow Quartzite

The sequence dips westwards (Figure 43, Cross Section AB), but, is indicated by the above interpreted

stratigraphic correlations to face eastwards.  Southwards along strike, these units strike into and are offset across a

major mylonite zone.

East of the mylonite zone is a completely different sequence consisting of (from west to east):

Migmatite Gneiss -

Dolomitic Marble -

Gneissic Amphibolite and Migmatite-

Dolomitic Marble -

Facing data are absent,  but the present authors assume the sequence faces east.  Parker et al. (1981) from

exposures immediately north in Minbinnie Creek interpreted the 'Gneissic amphibolite and migmatite' unit as

Archaean and the dolomitic marble hosting Outcrop 55 as basal Warrow Quartzite, which inferred a westward

facing.  The current stratigraphic correlation is uncertain; the sequence represents either Cook Gap Schist or perhaps

even a thick, carbonate facies of Upper Middleback Jaspilite, despite iron oxides being present in trace amounts only.

Two dolomitic marble units in the eastern sequence are believed to be separate stratigraphic units, and not

structural repetition of a single bed.  The two units are continuous along strike, and both host nephrite occurrences

for about 3km of strike length.



107

Both the ?upper sequence of four units and the lower quartzite - dolomitic marble - iron formation

succession dip moderately to steeply westwards.

S1/S2 structural data indicate a consistent N-NE strike of 025oM for all units (Figure 44).  Open D3 folds

with axial planar crenulations are common in mica schist bands within the quartzite unit along and west of the

western boundary of ML 4130.  Most units, including pegmatite, are in part mylonitised, indicating that most if not

all pegmatite was intruded prior to or during D3.  The mylonitic foliation has essentially the same orientation as S1/S2

layering (Figure 44).

Nephrite and semi-nephrite have two strong spatial controls on outcrop which is:

- along or in very close proximity to dolomitic marble/gneiss contacts, and

- within dolomitic marble immediately adjacent to a significant D4 fracture (Outcrop 55).

The first of these controls is an interpreted S3 tremolite schistosity, visible in nephrite along marble/gneiss

contacts, particularly Outcrop 56.  Apparently pods of tremolite and possibly some jade, existed during D3.  This

schistosity is indistinguishable from typical S3 mylonitic foliation in adjacent rocks (Figure 44).  Parker et al. (1981)

reported a foliation in Outcrop 55, striking 355o-005o.  This is interpreted as a D4 foliation, and is not to be confused

with an earlier ?S3 tremolitic schistosity.  Parts of Outcrop 56 contain both schistosities.  None of the many lenses

comprising Outcrop 55 contain the S3 schistosity.

The second and more obvious control is D4 fracturing with faulting and abundant D4 dissolution planes. 

This is apparently the primary control at Outcrop 55.  Most outcrops contain a dominantly N-S, S4 schistosity which

is observed by Parker et al (1981).  In places strike varies to NW-SE, subparallel to D4 joints (Figure 44).  One small

outcrop SW along strike from the main mass of Outcrop 56, contains finer-grained nephrite recrystallised in narrow

bands parallel to D4 joints.

The largest jade lens (Outcrop 55) is immediately adjacent to a D4 fault which displaces the dolomitic

marble as quartzite and pegmatite crop out along strike of dolomitic marble.  D4 fracturing has permitted

introduction of SiO2 - rich solutions along the fracture and into adjacent dolomitic marble.  It is no coincidence that

the largest jade lens (free of any S3 schistosity) is adjacent to the largest D4 fracture on ML4130.

Some nephrite outcrops, regardless of whether an S3 schistosity is present or not, contain inclusions of relict

diopside.  Some jade has apparently formed from uralitisation of diopside.  Some of the diopside, being very coarse

grained, (20-50mm) is M1/M2.  Coarse-grained diopside was exposed in nephrite in the creek bed at Outcrop 55

(Plate 18) and is apparently more abundant in the core of DDH 6 (Figure 43, Cross Section CD).
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Other jade outcrops such as Outcrops 14 and 69 contain dykes of altered leucogranite, hybrid granite or

pegmatite which apparently partly control jade formation.  Their influence at Outcrops 55-57 is not obvious.  Altered

leucogranite and gneiss were observed:

- adjacent to nephrite at the Trial Mining Pit,

- in DDH6 immediately adjacent to talc and nephrite, and

- adjacent to nephrite on southern extensions of Outcrop 56 (6231 RS 208).

Typically, these rocks contain the primary, coarse-grained, quartz and feldspar with late stage:

- aggregates of radiating acicular amphibole (?actinolite) to 1mm long

- xenomorphic to subidiomorphic epidote to 1mm, and

- aggregates of fine flaky chlorite with lesser coarse-grained, chlorite to 1.5mm.

The role of these altered leucogranite dykes on jade formation appears minor and certainly less significant

for Outcrops 55-57 than that of pre-existing D3 tremolite schist lenses, D4 fracturing and silica metasomatism with

uralitisation of diopside.

Diamond Drilling (DDH6)

The diamond drillhole (DDH6) of Murumba Minerals N.L., drilled in 1970-1971, was relogged and the

revised interpretation and cross section is included as Figure 43, Cross Section CD.  The previous interpretation

(Flint and Dubowski, 1986, Plate 16) was based on Hopwood and Coles' (1971) surface geology and Nichols'

(1974a) geological log.  The drillhole collar was easily discernible during surveying and mapping in 1987.

The hole had four intersections of nephrite and semi-nephrite totalling 3.7m.  Thickness and number of

intersections were greater than expected from the surface geology, and apparently included one lens completely

obscured by alluvium.  Metasomatism of dolomitic marble and alteration/uralitisation of diopside is more extensive

than predictable from surface outcrop.  In addition, mapping of ML4130 suggested that dolomitic marble  and

diopside should continue westwards under the alluvium as far as the mylonite (Cross Section CD) and that additional

jade lenses could be obscured by the alluvium.  In December 1987 Gemstone Corporation of Australia removed the

alluvium to reveal one additional jade lens approximately 2-3m west of the first DDH6 jade intersections.  37t of jade

were removed from that lens and the first two lenses encountered in the drillcore.  The main jade lens, as exposed in

the drill core and interpreted on Cross Section CD, was not mined.
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The associations intersected in DDH6 are typical for those outcrops containing lighter-coloured jade and

presumably low iron content.  Chlorite-rich rocks are essentially absent; talc is present instead with one band over

1m thick.  Diopside is abundant and in part obviously altered to jade.

OUTCROPS 58-61

REFER Figure 45 (Plan 88-92)

Portions of Outcrops 60 and 61 were pegged by L.E. & B.L. Griffen, along with Outcrops 62-68, and

registered as MC 5304 on 31 August 1968.  The claimholders were plainted by Arminga Geological Research and

Exploration Pty Ltd (an associate company of Murumba Minerals N.L.) in July 1970 but the plaint was dismissed

(Olliver, 1984).  However, after negotiations MC 5304 was cancelled on 16 October 1970 and repegged by

Murumba Minerals N.L. as MC 6748, registered on 7 November 1970.  On 25 July 1972, Jade (Australia) Pty Ltd

acquired MC 6748 from Murumba Minerals N.L. and the claim was converted to ML 4131 on 10 September 1973.

At about the same time, Outcrops 58 & 59 to the north and the remaining portions of Outcrops 60 and 61

were pegged for the first time by Australian (Nephrite) Jade Mines Pty Ltd.  MC 195 was registered on 26 June

1973 and converted to ML 4340 on 10 December 1973.

Cowell Jade Pty Ltd acquired both leases:

- ML 4131 from Jade (Australia) Pty Ltd on 16 December 1976, and

- ML 4340 from Australian (Nephrite) Jade Mines Pty Ltd on 21 November 1979.

Both leases are currently held by Gemstone Corporation of Australia Ltd.

There is no recorded production specifically from Outcrops 58-61, though 0.3t of jade were recovered by

Griffen in 1968-1970 from Outcrops 61-67.

Geological Mapping

Under an option agreement with Australian (Nephrite) Jade Mines Pty Ltd, Centamin N.L. mapped and

diamond drilled MC 195 (subsequently ML 4340) during August - September 1973 (Centamin, 1973).  DDH7 of

15.0m and DDH8 of 17.15m were both drilled on Outcrop 60.  Geological mapping of the Cowell Jade Province by

Nichol (1974a) included logging of the drill core which unfortunately, is no longer available.
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A backhoe pit was dug on Outcrop 60 in 1976 during stage III of a trial mining program (Scott et al., 1978).

 Samples were collected but none of the carvings crafted at O'Halloran Hill College of Further Education apparently

consisted of material from the pit.

Additional geological data were collected by the authors during mapping of the Cowell Jade Province in

1982-1985 and this included re-interpretation of DDH7 and 8.  All available data are presented in Figure 45 and

summarised below.

The original mapping of Nichol (1974a) did not position outcrops with respect to tenements.  Only two

outcrops (labelled Outcrops 58 and 60) were mapped within MC 195 (ML 4340) by Centamin N.L.  However, later

plans showing the interpreted positions of Nichol's outcrops within tenements (Scott et al., 1978; Barnes et al., 1980;

Olliver, 1984) all show Outcrop 59 within ML 4340 between Outcrops 58 and 60.  Additional detailed mapping is

required to locate Outcrop 59.

Site Geology

Little detailed data are available for Outcrops 58-61.  Outcrop consists of two horizons of dolomitic marble

and interbedded banded calc-silicate with undifferentiated gneisses.

The two dolomitic marble horizons extend outside of ML 4340. The more easterly horizon extends

northwards to Outcrops 55-57 and the western horizon extends southwards past Outcrops 68-72.  Both horizons are

laterally continuous for 3km and are probably separate stratigraphic horizons.  By analogy with Outcrops 55-57, the

exposed units are probably equivalents of Upper Middleback Jaspilite or perhaps Cook Gap Schist.  Gneisses in the

vicinity of Outcrops 58-61 are undifferentiated and consist of granitic gneiss, migmatite and layered gneiss with

leucocratic segregations and pegmatite.

Structure

Layering strikes about 025oM with steep westerly dips of 75-80o.  Outcrop patterns suggest the presence of

isoclinal D2 folds which have been interpreted for Cross Section XY (Figure 45).

Nephrite

Mapping data are insufficient to elucidate jade formation controls for Outcrops 58-61.  Neither altered

feldspathic pegmatite nor D4 fractures have been mapped, though both are probably present.
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Outcrop 58 was described as a pod of predominantly dark green jade (Nichol, 1974a) with coarse-grained

inclusions of tremolite (Scott et al., 1978).  Dimensions were not given but mapping by Centamin N.L. suggests a

jade pod about 17m long (Centamin, 1973) though much of that may be tremolitic rather than nephritic.

Outcrop 59 was not mapped by Centamin in 1973, nor were dimensions provided in Nichol (1974a), Scott

et al. (1978) and Barnes et al. (1980).  Jade was described as dark green to black (Nichol, 1974a) and predominantly

medium grained (Scott et al., 1978).

Outcrop 60 consists of a 7x2m lens of dark green jade (Nichol, 1974a) which is fine grained (Scott et al.,

1978).  Surface outcrops are massive and weathered surfaces are paler and distinctly grey i.e. pale to medium

greyish green.  The jade is opaque when greyish and tends to be slightly sugary, indicating areas of granular rather

than fibrous tremolite.  In DDH7, the jade lens was intersected 6-11m below the surface and was described as

fractured, limonite-stained and coarser grained than in outcrop (Centamin, 1973; Nichol, 1974a).  Hence in drill

core, the quality was only that of massive tremolite rather than nephrite.  Colour was also darker, apparently because

of talc or chlorite inclusions, near the footwall contact of the jade lens.  The most distinctive feature is the degree of

fracturing, which is unusual by comparison with other jade outcrops.

DDH8 at Outcrop 60 was less successful, intersecting only a 0.1m thick band of semi-nephrite at a hanging

wall contact of dolomitic marble at about 2m depth.  Although folds have been interpreted in Cross Section XY

(Figure 45), DDH8 was apparently not deep enough to properly test downdip extensions of Outcrop 60.  The hole

bottomed in quartz + feldspar gneiss which may correlate with gneiss at the beginning of DDH7.  Tremolite grading

to semi-nephrite intersected in DDH8 at 15-16m was described as colourless to pale green and medium grained

(Centamin, 1973; Nichol, 1974a).  As with many other outcrops, the quality of jade varies rapidly, so Outcrop 60

still has potential to yield high-quality nephrite.

Outcrop 61 was described as a 20x1m lens of predominantly dark green jade (Nichol, 1974a) but with

lighter coloured, apparently coarser-grained patches (Scott et al., 1978).  Mapping by Centamin (1973) suggests the

outcrop is about 15m long and partly split into two bands.  Weathering surfaces are paler, opaque and greyish green.

 Portions of the lens are like Outcrop 60 and contain some granular rather than fibrous tremolite, hence quality is

distinctly variable.
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OUTCROPS 68-71

REFER Figures 46-47 (Plans 88-93, S 20221)

Mining and Tenement History

Outcrops 68-71 were first pegged by J. & S.E. Greening as MC 5305 which was registered on 31 August

1968 and cancelled on 16 October 1970 (Olliver, 1984).  Less than 1t of jade was mined.  Murumba Minerals N.L.,

who had unsuccessfully plainted J. & S.E. Greening repegged the outcrops as MC 6749 which was registered on 7

November 1970 and subsequently transferred to Jade (Australia) Pty Ltd on 25 July 1972.  MC 6749 was converted

to ML 4132 on 10 September 1973 and subsequently transferred on 16 December 1976 to Cowell Jade Pty Ltd

(now Gemstone Corporation of Australia Ltd).  All of the major mining has been by Cowell Jade/Gemstone Corp

since 1978 with 327t produced.  Mining by Gemstone Corp by David Linke Contractor Pty Ltd in December 1987

recovered 122t of black jade.  Prior to the 1987 mining, the quarry on Outcrop 69 was the deepest quarry in the

Cowell Jade Province with the working face 10m high.

Geological Mapping

A sample of serpentine marble, (P1357/74) was collected by Nichol during reconnaissance geological

mapping apparently from the N side of Outcrop 69 (Nichol, 1974a).  During 1980, two samples of nephrite (6321

RS 24, 25) collected from Outcrop 69 by D.C. Scott (Senior Geologist, SADME) were included in a suite examined

petrographically and by electron microprobe at AMDEL to determine the reason for the white/pale coloured rinds

(Appendix E).

Outcrops 68-71 were mapped by the authors and A.J. Smith (Field Assistant, SADME) on 12 November

1982.  Cowell Jade Pty Ltd used a backhoe to mine several tonnes of jade from a northerly extension of Outcrop 69

on 18 March 1985.  The backhoe pit was mapped by D.J. Flint and R.S. Robertson (Senior Geologist, SADME).  In

July 1987 a suite of samples from Outcrops 69, 24, 32, 52 and 114 was provided to M. Swain and H. Jaeger

(Division of Materials Science and Technology, CSIRO, Victoria) for strength and fracture toughness tests and

TEM/SEM studies (Lai et. al., 1988).

All mapping data are presented on Figure 46 but the earlier samples of Nichol (1974a) and Scott (Appendix

E, AMDEL Report GS 3146/80) could not be located on the detailed plan.  Subsequent to preparation of Figure 46,

Gemstone Corporation recovered 122t of jade from Outcrop 69 and the northern wall of the quarry has been changed

so that the present quarry is about twice as wide as that shown on Figure 46.  The western face remains at about

10m high.



113

Site Geology

The sequence at Outcrops 68-71 dips steeply westward but is interpreted to be east facing.  It consists of

migmatite gneiss interbanded with two dolomitic marble horizons; from west to east:

Migmatite gneiss (East, ?upper)

Dolomitic marble

Migmatite gneiss

Dolomitic marble

Migmatite gneiss (West, ?lower)

Stratigraphic position of the dolomitic marble horizons is probably Katunga Dolomite or carbonate facies of

Lower Middleback Jaspilite.

Migmatite gneisses are undifferentiated but regional mapping of the Province suggests that the more massive

quartzofeldspathic gneiss which grades to foliated granodiorite gneiss along the western boundary of ML 4132 is

probably part of Miltalie Gneiss or equivalent to Plug Range granodiorite gneiss i.e. metamorphic age of 1697 ± 65

Ma but a formation age of 2150 Ma (Webb et al., 1986).  The boundary between interpreted Miltalie Gneiss and

migmatised Hutchison Group west of the dolomitic marble was not mapped and is not shown on Figure 46.  The

boundary which approximates the western boundary of ML 4132 is expected to be mylonitised so that all of Warrow

Quartzite is missing.  In general, migmatite gneiss is banded with massive, leucocratic, quartz + feldspar bands or

sills alternating with foliated quartzofeldspathic gneiss and biotite gneiss.  Bands vary from a few centimetres to

several metres thick with coarse banding dominating.  Quarry walls at Outcrop 69 expose rare isoclinal folds with S2

gneissosity apparently crossing (S0) composition banding and an earlier (S1) gneissosity.  2-3 m wide zones of

extensive D3 mylonitization are visible in migmatite gneiss, particularly in the central zone of the N wall at Outcrop

69.

Dolomitic Marble

Two dolomite horizons are present, one less than 5m and the other 10-20m thick.  They are separated by

10-15m of migmatite gneiss and biotite gneiss, but continue along strike as two distinct horizons for at least 3km. 

Both appear identical in outcrop style and petrography and are discussed together.  Both horizons host nephrite

lenses.

Dolomitic marble is massive and coarse grained with primary grain size of 2-5mm.  Fresh dolomitic marble

is grey but weathered surfaces are dark brown.  Dolomite is the dominant carbonate, far exceeding calcite (P1357/74
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in Nichol, 1974a).  Disseminated within dolomite and occasionally concentrated in bands defining a S1/S2

gneissosity, are:

• M1 and M2 olivine and diopside

• retrogressive serpentine, tremolite and chlorite.

Olivine of P1357/74 is retrogressed completely to fine-grained (<1mm) serpentine and dolomite.  Recrystallisation of

coarse-grained, M1/M2 dolomite along grain boundaries, presumably during D3 or D4, produced new, equant

dolomite grains 0.1-0.2mm across.

Local areas of dolomitic marble enriched in tremolite, diopside, chlorite and serpentine are classified as

calc-silicate.  This has only been done at Outcrops 68 and 70 i.e. along the eastern (?upper) contact of the eastern

dolomitic marble horizon (Figure 46).

Leucogranite

The leucogranite, along with D4 jointing, has apparently had a major influence on jade formation at Outcrop

69.  Poor exposure restricts any comment on whether the leucogranite is as important at Outcrops 68, 70 and 71. 

Altered leucogranite is exposed only on the western wall of the quarry at Outcrop 69 and in the small backhoe pit

about 15m to the NE.

Leucogranite is within a steeply-dipping dyke, up to 2m wide, which cross-cuts dolomitic marble.  It cannot

be traced outside the quarry (Figure 46).  Lack of good exposure prevents detailed assessment of the timing of

intrusion. The dyke in the main quarry strikes N-NW, is obviously post D1 and D2, but is cross-cut by D4 joints and

shear zones.  Timing is, therefore, post-D2 and may be as late as and broadly synchronous with D4.  Exposure in the

backhoe pit shows the same relationships - massive, altered leucogranite cross-cut by closely-spaced D4 joints/shear

zones.

Although described as leucogranite, petrography of 6231 RS 98 and 150 classify the rock as hydrothermally

altered diorite and granodiorite.  The texture is dominated by coarse-grained plagioclase (albite-oligoclase) with

interstitial fine-grained biotite and chlorite which either completely replaces an earlier ferromagnesian phase or

plagioclase (Plate 30).  Primary plagioclase has an average grain size of  5mm but deformation and recrystallisation

has produced deformed twinning as well as abundant finer-grained (<1mm) plagioclase along grain boundaries. 

Plagioclase is cloudy (RS98) but with sericitic alteration developed in RS150.  Biotite and chlorite flakes of

<0.05mm form massive, fine-grained aggregates, interstitial and ?replacing plagioclase.  Both minerals formed after

plagioclase, presumably by introduction of hydrothermal fluids.
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Introduction of additional hydrothermal fluids subsequent to formation of biotite and chlorite, resulted in

radial aggregates of acicular tremolite centred on the junctions of several large plagioclase grains or on fractures. 

Individual tremolite needles range up to 1mm and cross-cut both plagioclase and biotite/chlorite aggregates.  The

degree of alteration, and hence biotite and chlorite abundance, varies rapidly in the exposed dyke at Outcrop 69 - an

observation repeated at other jade quarries and also in drillcore.  Biotite and chlorite are most abundant where jade is

also present marginal to the dyke.  Conversely, where the 'altered diorite' is little altered and leucocratic then there is

no jade adjacent to the dyke.  Obviously, hydrothermal activity during dyke emplacement, was a key factor

controlling both alteration within the leucogranite and jade formation in adjacent dolomitic marble.

Tremolite

Massive coarse-grained tremolite rock, crops out along margins of the leucogranite dyke and is transitional

into jade.  Tremolite is massive, coarse-grained and light green, with a texture similar to the microtexture of jade i.e.

randomly oriented aggregates and bundles of acicular tremolite, often as radial intergrowths.  Pyrite is locally

abundant, as crystals to about 10mm and oxidation stains surrounding tremolite and adjacent dolomitic marble.

Boundaries between massive tremolite and dolomitic marble are distinctly lobate, suggesting hydrothermal

solutions emanating from the leucogranite dyke percolated into dolomitic marble along a lobate reaction front. 

Dolomitic marble has been metasomatised to an assemblage of tremolite  pyrite.  Staining from weathered pyrite is

concentrated at the reaction front boundary.  Pyrite is apparently more abundant in the coarsely crystalline tremolite

than in the finer-grained equivalent (nephrite) closer to the leucogranite dyke.

Nephrite

Nichol (1974a) estimated that jade outcrop of Outcrop 69 was 42 x 4m.  Current mapping shows the same

total strike length but outcrop is not continuous between the main quarry and the backhoe pit (Figure 46).  When

mapped in 1982, the quarry was 16m wide but in December 1987 Gemstone Corporation doubled the quarry width

by extending northerly to expose the jade lens for a strike length of about 30m.  Total production for Outcrop 69 is

328t.  The remaining jade exposed in 1982 was concentrated along the contact margins of leucogranite and dolomitic

marble as well as immediately adjacent to D4 fractures in dolomitic marble (Figure 46).  Close-spaced D4 fractures,

joints and shear zones cross-cut the leucogranite dyke and adjacent jade and tremolite with apparent recrystallisation

of earlier tremolite and/or jade into finer-grained jade.  Jade is variable in grain size but tends to be finest in zones

parallel to D4 fractures.  The three controlling factors at Outcrop 69 i.e. dolomitic marble host rock, cross-cutting

leucogranite dyke and D4 joints are all steep to vertical, and so their intersections plunge steeply westwards (see

Figure 46, Cross-sections AB and CD).  Mining in December 1987 showed that jade extended 10m below the

original outcrop and was still exposed in the quarry floor.
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December 1987 mining also revealed that portions of the jade lens which strike parallel to layering in

dolomitic marble are offset 10cm to 1m across successive D4 joints, suggesting jade formation is pre- to syn-D4.  In

addition, exposed jade widths show considerable variation,  whilst orientation of the jade lens seems consistent across

D4 joints, suggesting that both jade formation and offset were during D4.  However, the quarry has not been mapped

since mining in December 1987 and the above preliminary observations and interpretations are inferred from

information provided by staff of Gemstone Corporation.

The nephrite and semi-nephrite of Outcrop 69 are dominantly green but generally in dark tones producing a

dark green to black appearance.  Grain size is variable with apparently irregular distribution, though the

finest-grained jade appears to be in zones or bands parallel to D4 joints.  Certainly Outcrop 69 has the reputation of

yielding massive, very fine-grained, black jade marketed as Premium Black.  Weathering rinds on Premium Black

are in pale grey and grey green hues, often with appealing colour variations and are in great demand.  The thin

(surficial) weathering skin for Outcrop 69 is dark red to reddish-brown and characteristic for any/all outcrops of jade

with a high iron content.

Petrography of three samples from Outcrop 69 (6231 RS 24, 25 and 99) show typical nephrite texture of

fibrous mats of fine-grained tremolite with individual crystals about 0.01 to 0.04mm long.  Coarser, isolated

tremolite prisms are to 1mm.  Apatite is a prominent accessory as rounded grains to 0.4mm.  Opaques and staining

by reddish-brown, translucent and opaque iron oxides are abundant; up to 5% in RS99.

Portions of Outcrop 69 are foliated.  The northern limit of Outcrop 69 just north of the backhoe pit is

moderately foliated with an interpreted D3 schistosity.  Jade in the main quarry within D4 shear zones or close to

joints is in places foliated (S4 fracture cleavage and schistosity) with a microscopic but still indistinct subparallel

alignment of fibrous tremolite.

Outcrops 68, 70 and 71 have not been examined in detail. All tend to be coarser grained and grade to

semi-nephrite.  Outcrop 70 contains a D4 foliation and may be elongate along a D4 joint direction.  Outcrops 68 and

70 may be located on or immediately adjacent to the same set of closely-spaced D4 joints and fractures which control

jade formation at Outcrop 69.
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OUTCROP 76

REFER Figure 48 (Plan 89-182)

Mining and Tenement History

Outcrop 76 was first pegged by D.R. Bartell and registered as MC 692 on 8 September 1975 but cancelled

on 28 January 1976.  The outcrop was repegged immediately by B. Stadler and on 2 February 1976 registered as

MC 734, which was converted to ML 4534 on 4 August 1976 and transferred to Nephrite Australia Pty Ltd on 19

December 1978.

During mining by Stadler/Nephrite Australia Pty Ltd in 1976-1978, 149t of dominantly black jade was

recovered (Olliver, 1984).  The outcrop had a reputation for high-quality black jade but was considered mined out

and the lease was cancelled on 3 November 1980.  High-quality black was subsequently obtained from Outcrop 69.

Geological Mapping

Nichol (1974a) described Outcrop 76 as an 8 x 5m pod associated with dolomitic marble and calc-silicate. 

Sample P1374/74, described as dark grey with rare white spots, is unlikely to be representative of the better quality

black.

Outcrop 76 was included in the trial mining program in 1976, prior to mining by Stadler/Nephrite Australia

Pty Ltd (Scott et al, 1978).  One sample (P1695/76) was selected adjacent to a shot hole to examine the effects of

blasting, and the outcrop was slot mined by blasting and backhoe.  Very hard, tough nephrite with a very weakly-

developed foliation was examined by SEM (Scott et al, 1978, Plates 12 and 13; Barnes et al, 1980, Plate 1). 

Various carvings were crafted at the O'Halloran Hill College of Further Education; all were of black jade and are

held in the Departmental collection.  Items carved include a wombat (John Rance), platypus (Joy Grant-Williams),

piping shrike (Irene Craven) and ring (Marita Catt) (Scott et al, 1978, Plates 8-10).

The quarry was mapped by the authors assisted by Wilher Simandjuntak, Andi Sulaeman and Sumitra

Atmanwinata in April 1987 as Outcrop 76 had been the second-largest producer of high-quality black jade.  Results

are included as Figure 48.

Site Geology

Unfortunately, no nephrite remains exposed at Outcrop 76 though the controls to nephrite formation are still

apparent.  Key features are similar to Outcrop 69; intrusion of pegmatite and metasomatism (hybrid pegmatite)
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followed by additional metasomatism along D4 fractures.  Precursors to jade may be either dolomitic marble or

massive diopside, in contact with gneissic amphibolite.

Stratigraphy

Outcrop 76 is located on the same stratigraphic horizon as Outcrops 55 and 69, for which more facing and

stratigraphic data are available.  Available data suggests the sequence of units at Outcrop 76 may be part of Cook

Gap Schist or dolomitic facies of Upper or Lower Middleback Jaspilite.

Although the sequence consistently dips westwards and there is no direct evidence for facing, stratigraphic

correlations of the sequence along strike at Outcrop 55 tend to suggest facing is eastwards.

Structure

S1/S2 gneissic layering strikes consistently NNE with steep westerly dips, generally greater than 70o (Figure

48).  The pattern is somewhat misleading as D3 folding and mylonitisation is strongly developed - more so than in

most of the other outcrops mapped.  All units, but particularly some pegmatite, form augen-shaped lenses within an

enclosing mylonitic D3/S3 schistosity.  D3 folds vary from open to tight and partly mylonitic.  S3 orientation is

subparallel with S1/S2 and exhibits a similar range in orientations (Figure 48).  The more open folds plunge NE with

shallow fold axes plunging 10-30o towards 020oM.

D4 structures show considerable variety and sense of displacement, consisting of joint planes, shear zones

with a schistosity or cleavage and an ?early-D4 pegmatite.  Three orthogonal joint sets are present (Figure 48) but the

dominant set, typical of the jade province, strikes about 100oM and dips 70-80oN (Plate 12).  D4 shear zones, with

associated metasomatic alteration and development of foliation in retrogressive assemblages, are common and were

paramount in controlling jade formation.  S4 schistosity in chlorite schist and semi-nephrite exhibits greater variation

than synchronous D4 joints and would reflect in part sigmoidal patterns related to shearing - as demonstrated at other

jade outcrops such as Outcrops 36 and 52.

The sense of displacement along D4 structures varies, showing that D4 was not a single-phase event.  Larger

scale displacement of dolomitic marble along SE-trending D4 fractures and shears indicates sinistral displacement. 

This is consistent with observed displacement across interpreted early-D4 pegmatite veins but opposite to the dextral

displacement indicated by tremolite fibres in a ?late-stage D4 fracture.  The late-stage fractures with dextral

movement are low-angle joints with similar ESE strike but shallow dips of 8-10oSW.
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The apparent relative timing for D4 was:

1. Pegmatite emplacement.

2. The main jointing/shearing/schistosity event with sinistral displacement.

3. Minor low-angle jointing with dextral displacement.

Hybrid Pegmatite

Hybrid pegmatite crops out extensively on the northern face of the quarry, and also occurs within narrow

pegmatite dyke(s) in the southern quarry face.  Pegmatite emplacement has apparently caused extensive alteration

and retrogression of dolomitic marble, massive diopside and gneissic amphibolite.  As in some other jade outcrops,

particularly Outcrop 69 for example, this alteration is important - either as a precursor to nephrite formation during

D4 jointing/shearing/metasomatism or because nephrite forms directly at the time of pegmatite emplacement and

metasomatism.

Quarry outcrops indicate that the ESE trending pegmatite veins were emplaced after development of the S3

mylonitic schistosity.  One outcrop adjacent to the backhoe pit contains hybrid pegmatite as an augen in S3m but this

is interpreted as superimposed metasomatism during D4 shearing which is intense at that locality (Figure 48).  The

sense of displacement across pegmatite veins is the same as D4 joints and shear zones.  Late-stage N-S and E-W,

planar D4 joints crosscut the pegmatite dyke and are lined with chlorite.  The pegmatite is intruded as an early-D4

phase, probably earlier than the main phase of jointing, shearing, metasomatism and schistosity development.

The hybrid pegmatite is coarse grained with a primary assemblage of quartz and pink K-feldspar.  Slight

alteration produced pink clinozoisite which replaced feldspar.  Metasomatism is usually extensive but of two

mutually-exclusive forms.

1. Mobile silica has produced an assemblage of coarse-grained feldspar (residual) and very fine-grained

chlorite.  This is identical with metasomatism at Outcrop 69.

2. Reactive feldspar has produced an assemblage of coarse-grained quartz (residual) and fine-grained epidote

but with the pegmatitic texture preserved (Plate 32).  This style also contains bands of radiating actinolite.

Nephrite

Very little direct data are available on the black nephrite as the outcrop was essentially mined out by 1978. 

Black jade from the trial mining program is very fine grained and with only a weakly developed or incipient foliation
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which is presumably the S4 schistosity (Scott et al, 1978, Plates 12 and 13; Barnes et al, 1980, Plate 1).

The backhoe pit (and presumably the nephrite) were along strike of dolomitic marble and massive diopside. 

Either lithology, or their retrogressed equivalents, may have hosted the nephrite and available data can not distinguish

the alternatives.  High (presumed) iron content of the black jade would have been sourced from concurrent

retrogression of immediately adjacent gneissic amphibolite - now mostly chlorite and epidote.

Although previously considered mined out, and no nephrite remains exposed, the authors believe more

nephrite may yet be found at Outcrop 76.  The favoured zone for jade formation would be controlled by the

intersection of steep D4 shears with steep layering of dolomitic marble/diopside.  Average orientations indicate that

this plunges at about 75o towards 335oM i.e. below the quarry floor.

Jade may possibly occur along the contact of hybrid pegmatite with massive diopside.  Limited exposure

prevents measurement of this contact at the main hybrid pegmatite outcrop on the northern side of the quarry, and

two measurements of the hybrid pegmatite dyke on the southern quarry face may not be representative of the main

area.

OUTCROP 107

REFER Figure 49 (Plan 88-430)

Mining and Tenement History

Outcrop 107 is within ML 4415 which also contains Outcrop 15.  Tenement history is outlined in the

OUTCROP 15 section.

Outcrop 107 was first mined in about 1974 by Centamin under an option agreement with Australian

(Nephrite) Jade Mines Pty Ltd.  Production data are not recorded in Olliver (1984) but H. Carmody (1987, pers.

comm.) reports that about 25 tonnes of nephrite, including fine-grained black nephrite, was carted away.  Mining

apparently consisted of bulldozing the abundant surface float and stockpiling the nephrite boulders 30-40m east of

the outcrop.  The deepest pit (Pit 5) was apparently only 0.5m deep and presumably was only the base of several

large outcropping boulders.

The original outcrop locality was difficult to find because of the extensive surface scrapings, but the largest

outcrop or most abundant float was probably in the vicinity of Pit 5.  However, inspection of the stockpile and

bulldozed area 30-40m E of the pits, suggests that jade may crop out in that area also.  Mining by Cowell Jade Pty

Ltd on 20 March 1985 attempted to locate more fine-grained black nephrite; four backhoe pits were dug, the deepest
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of which is 2.5m.  All four are towards the northern limit (uphill area) of where the jade boulder float was bulldozed.

 Nephrite was only found in Pit 2 from which 6 tonnes were mined.  Nephrite is still exposed in the northeastern wall

of the pit.

Geological Mapping

Despite the fact that initial mining probably took place in 1974, the outcrop is not listed by Nichol (1974a),

Scott et al. (1978) or Barnes et al. (1980).  Olliver (1984) plotted Outcrop 107 but production was not recorded. 

Initial mapping was a pace and compass survey by Flint and R.S. Robertson (Senior Geologist, SADME) during

mining in March 1985.  A detailed stadia survey was carried out by the authors and M.W. Flintoft (Field Assistant,

SADME) as well as Wilher Simandjuntak, Andi Sulaeman and Sumitra Atmanwinata on 3 April 1987.  Results of

both mapping programs are compiled in this report.

Site Geology

The deposit is located within basal units of Warrow Quartzite.  The sequence at Outcrop 107 consists of:

Biotite + quartz schist/gneiss (upper)

Dolomitic marble

Banded calc-silicate (basal)

All three broad units are intruded by syn-Kimban pegmatite.  Nephrite lenses crop out along the eastern

(upper) contact of the marble.

Nephrite

Nephrite apparently formed in discontinuous lenses over a distance of 38m from Pit 2 to where nephrite

crops out on the track.  Only the jade cropping out on the track was included in the reserve calculations of Barnes et

al (1986), with no allowance for additional jade as exposed in Pit 2 or which may exist below Pit 5.

Nephrite cropping out on the track has a dark red, weathering skin typical of all of the jade for Outcrop 107.

 Grain size is variable, and tends to be coarse.  Translucency is low and some boulders contain a tremolitic

schistosity which has been interpreted as S3.  Nephrite colour is mostly dark green but grades to dark grey green.

No nephrite is exposed in Pit 5.  Only small boulders of nephrite float remain, although this pit area was the

main source of boulder float and ?outcrop which was bulldozed by Centamin in 1974.



122

Nephrite boulders are exposed at a depth of less than 1m in the northeast corner of Pit 2 although there was

no surface outcrop prior to the backhoe mining in March 1985.  A small pod of nephrite, 5-6cm long is also evident

on the western wall of the pit.  About 6 tonnes of nephrite boulders were mined from this pit during March 1985; the

largest boulder weighed about 500kg.  The remaining boulders consist of massive nephrite and nephritic tremolite

grading from fine to coarse grained.  Colour is dark green grading to green black.  One boulder contains epidote

porphyroblasts.  All boulders are rimmed by pale green, massive, opaque tremolite and coated by secondary

carbonate minerals, including magnesite.  A tremolite and nephrite schistosity interpreted as S3 strikes 031oM and

dips 36oW. Two joint sets are also developed within nephrite.  One set is vertical, and strikes 115oM, a typical S4

joint orientation.  The other set strikes 022oM and dips 46oE, giving the impression that the nephrite lens dips easterly

but a steep westerly dip (parallel to lithological layering) is more likely.

Banded Calc-silicate

Banded calc-silicate is apparently the lowest of the three units exposed.  Typically, it contains a range of

lithologies but is characterised by a well-developed banding from millimetres to metres thick.  Alternating rock types

are:

- coarse-grained, quartz + biotite gneiss

- pale-brown cherty quartzite

- calc-silicate bands containing abundant dark green amphibole, probably after diopside.

Cherty quartzite bands, commonly with laminae as thin as 1mm, alternating with massive tremolite bands

several centimetres thick are diagnostic and characteristic of this unit.  In addition, quartz + biotite gneiss tends to be

quartz rich.  The contact of the calc-silicate unit with overlying dolomitic marble is a thin zone of massive,

coarse-grained tremolite which is considered prospective for nephrite.

Dolomitic Marble

The overlying dolomitic marble unit consists dominantly of dolomitic marble but contains lesser amounts of

banded calc-silicate and quartz + sericite schist.  This unit hosts nephrite lenses along its eastern (upper

stratigraphically) contact.

The dolomitic marble is typically medium to coarse-grained averaging 1-2mm, grey, with disseminated

pyrite, tremolite and serpentinised olivine.  Tremolite and chlorite are locally abundant and form bands 1-15cm thick

where carbonate is absent (Pits 1 and 4).  Tremolite bands are light green and coarse grained whereas massive

chlorite bands are dark, green black.
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Biotite Schist

The upper unit consists of a quartz + biotite schist grading to gneiss as well as abundant pegmatite

segregations or veins.  The S1/S2 schistosity and gneissosity are strongly developed.

Structure

The geological setting suggests that the deposit is on the western flank of a major D2 isoclinal synform and

that the sequence probably faces to the east.  Lithological layering and the combined (parallel) S1/S2 schistosity and

gneissosity strikes NNE (averaging about 15oMN) and dips steeply to the west (Figure 49).

The broad scatter of several layering readings suggests refolding during D3.

At least three D4 joint sets are present:

- one vertical set striking 110oMN

- a nearly orthogonal set striking 5oMN

- and a lower angle set dipping moderately to the SE.

The nephrite and nephritic tremolite apparently contain the ?S3 schistosity as well as D4 joints.

OUTCROP 114

REFER Figure 50 (Plan 89-184)

Mining and Tenement History

Outcrop 114 is within ML 4217 and the full tenement details are outlined in the section 'OUTCROP 24'. 

The lease is currently held by the Gemstone Corporation of Australia Ltd.

The locality was designated Outcrop 114 by the authors in 1987 although it had been worked previously,

possibly as early as 1972/1973 when the tenement was held by Jade (Australia) Pty Ltd.  Historical production

details are not recorded in Olliver (1984) and are based on discussions with H. Carmody.  The outcrop was

bulldozed, using a District Council of Franklin Harbor bulldozer in about 1972/1973.  From the pod of banded calc-

silicate and jade remaining, most of the bulldozing was in softer rocks surrounding the lens and would have been

largely unsuccessful though nephrite and semi-nephrite boulders were recovered by the authors in 1987.
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The locality has been predominantly regarded as a source of ornamental green marble.  In 1980, about 3t

were hand picked for Cowell Jade Pty Ltd and consisted of dark green to medium green marble, including beautiful

mottled green, which was considered attractive and easy to work.  An additional 2t of fine-grained, green marble with

a uniform colour were mined by backhoe by Cowell Jade Pty Ltd in March 1987.

Gemstone Corporation mined the jade outcrop in December 1987 searching for jade with a very light tone

but failed to find any.

Geological Mapping

Outcrop 114 was EDM surveyed in March 1987 by the authors and Wilher Simandjuntak, Andi Sulaeman

and Sumitra Atmanwinata.  At that time, the workings consisted of a shallow pit, 20 x 10m and 1.5m deep, with a

central knoll 1.5m high of banded calc-silicate containing jade.  These were relicts from bulldozing by Jade

(Australia) Pty Ltd.  Further mining by the Gemstone Corporation in December 1987 has not been mapped.

Site Geology

Although the quantity of nephrite recovered by mining has been small, numerous small pods crop out and

illustrate well both:

- jade formation within SE-trending D4 fractures

- the effects of N-S trending D4 shears.

D4 fractures and jade formation clearly postdate all other structures, including refolded D2 and D3 folds.

All outcrops have been designated as Outcrop 114 (114A to 114G), though some of the mapped outcrops

may correspond with Outcrops 20 and 23 of Nichol (1974a, 1977).  Outcrop 23 was described as a 15 x 3m lens

and hence should be north of and outside the mapped area of OUTCROP 114.

Stratigraphy

Direct information of stratigraphic facing at Outcrop 114 is lacking but by analogy with equivalents nearby

and along strike at Outcrops 24 and 32-36, stratigraphic facing is assumed to be eastwards.  However, isoclinal D2

folds are present and facing will, at least locally, be reversed.

The sequence at Outcrop 114 consists of dolomitic marble grading eastwards to interbedded banded calc-

silicate gneiss, chloritised biotite schist and minor flaggy quartzite.  Except for dolomitic marble, outcrop is poor and
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rubbly.  All lithologies are considered part of the banded calc-silicate gneiss unit at the base of Warrow Quartzite.

Structure

The regional trend is for lithological layering and gneissosity (undifferentiated S1 and S2) to strike about

025oM and dip steeply westwards.  Both have been folded into a series of N-plunging, close to tight S-vergence folds.

 The folds are probably a combination of D3 reactivated tight to isoclinal D2 folds.  All of the folds on the geological

plan (Figure 50) have been labelled as D3.  Stereographic projection plots of S1/S2 show a broad scatter of points and

reflect additional scattering caused by refolding during D4.  S3 structures strike about 015oM and dip steeply

westwards and as expected are broadly parallel to the regional S1/S2 orientation and similar to D2 axial planes.  The

only observed F3 fold plunges 63o towards 335oM.

D4 structures which are pronounced and obviously control jade distribution at Outcrop 114 are of two types:

- SE-trending fractures, shears and dissolution planes which are typical and found at most jade outcrops,

- a partly interpreted N-S D4 shear which truncates and offsets dolomitic marble.

The N-S shear forms part of the Ulbana Shear as mapped by Parker (1981, 1983a and b) and as mapped at

Outcrop 116.  The sense of displacement is apparently dextral (eastside southwards) as indicated by:

- offset of the dolomitic marble horizon by about 80-100m, and

- apparent refolding of the D3 fold.

The D3 fold adjacent to Station 1 has apparently been rotated and made more open with the NE-end of the

axial plane displaced southwards.  The continuation of the dolomitic marble in that sheared out D3 fold is found

southwards in the vicinity of Outcrop 24.

Two D4 foliations are present and both have been labelled S4 in Figure 50.  The dominant set trends SE,

about 130oM, dips steeply NE and are generally parallel to or at a low angle to the fracture planes.  Those D4

fractures represent very narrow zones of high strain and the shear foliation developed (S-surface) tends to be parallel

to the fracture (C-surface).

The second set of D4 foliations is not as well developed but consists of a N-S, steeply west dipping foliation

in tremolitic and chloritic rocks.  The relative timing and relationships between the two D4 foliations have not been

established.  However at Outcrop 116, the N-S phase (S5) was generally superimposed on the SE-NW phase (S4). 



126

The tectonic sketch (Figure 50) implies pegmatite emplacement during and/or after D4 but this is simply a

consequence of the way in which the tectonic sketch has been drawn.

Nephrite

Nephrite and semi-nephrite from the pit at Outcrop 114 is mostly evident in dump samples and from

scattered boulders.  At least part of the nephrite formed as thin bands within banded calc-silicate gneiss with nephrite

grading to tremolite schists in probable retrograded diopside bands often only 2-5cm thick.  The nephrite is pale

coloured and grey to grey-green with both a light tone and low value of chroma.  The best of the dump samples is

very fine-grained nephrite with a Munsell colour of 5G 4/3 to 4/4.

Tremolite rocks in the pit are deeply weathered, pale green to dark green and vary from massive to schistose

(N-S S4 schistosity).  Semi-nephrite in the dump (6230 RS421) consists predominantly of fine fibrous tremolite in

nephritic intergrowths as well as in whorls and a contorted texture defining a weak foliation.  Larger fibrous

aggregates are to 0.5mm and several tremolite prisms are to 0.3mm long.  Minor epidote (1%) form subidiomorphic

crystals and aggregates to 0.8mm across, sometimes as radiating aggregates.  Opaques and translucent iron oxides

typically line foliation lamellae and fractures.

Pod 114A wholly within dolomitic marble is not obviously related to a D4 structure and may be similar to

very small nephrite and semi-nephrite occurrences between Outcrops 114F and 114G.  The small pod of less than

1m consists of massive tremolite and nephrite which is fine-grained, pale green and coated with opaque tremolite. 

Pod 114B is very similar but is within a D4 fracture and consists of a core or augen of massive nephrite within an

enclosing tremolite schist.  Pod 114C is again similar, with massive nephrite as an augen-shaped body within

tremolite schist in the D4 fracture.  The outcrop being 3 x 2m is however larger.

Pod 114D is apparently wholly within banded calc-silicate gneiss and at only 10 x 5cm, probably represents

a former diopside or dolomitic marble band.  The pod consists of semi-nephrite and tends to be coarse grained.  One

of the larger lenses, 114E is about 3 x 2m with boulders to 0.9m long.  The nephrite varies from massive to foliated

but in places is of excellent quality being fine grained, bright pale green and translucent.

Pod 114F is the largest at 4 x 1m but quality varies from massive nephrite to schistose semi-nephrite.  SE-

trending D4 foliation is present.  The more massive samples are medium green but with fractures and a tendency to

be somewhat coarse grained.  Strongly foliated semi-nephrite is pale green but again somewhat coarse grained. 

Metasomatism extends away from the D4 fracture along strike of the dolomitic marble, and the tremolite-rich zones

contain the D4 foliation.  The nephrite and semi-nephrite contain inclusions of pyrite and possibly phlogopite.
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Pod 114G is 2 x 0.5m, elongate in the D4 foliation but at a 20o angle to adjacent D4 dissolution planes and

joints.  The outcrop consists only of foliated, opaque and pale green semi-nephrite.  The 15-20m wide dolomitic

marble between Outcrops 114F and 114G contains numerous small pods of tremolite, which have not been mapped

individually but indicate metasomatism during D4 was widespread and not just restricted to the very narrow zones of

high strain.

Dolomitic Marble

Colour variations are typically between:

- greyish greens from Munsell 10GY 5/2 to 5G 5/2, and

- moderate to dark yellow greens of 10GY 6/4 to 10GY 4/4.
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OUTCROP 115 AND WHITE MARBLE PROSPECT

REFER Figure 51 (Plan 88-431)

Log DDH CWM1 Figure 52 (Plan 88-432)

Mining and Tenement History

The white to grey, dolomitic marble was first pegged for ornamental marble, nephrite, epidote and

tremolite-actinolite by E.M.G. Swain and registered as MC 4966 on 24 May 1966.  No jade outcrops were identified

and the claim was cancelled on 27 January 1967 (Olliver, 1984).

However, Harry Schiller had located a small pod of nephrite/semi-nephrite at the northern end of exposed

dolomitic marble and the area was repegged by Swain's company, Australian (Nephrite) Jade Mines Pty Ltd.  MC

193 was registered on 26 June 1973 and converted to ML 4338 on 10 December 1973.

From June 1973 to July 1979, Centamin N.L. had an indenture agreement with Australian (Nephrite) Jade

Pty Ltd to explore, mine, extract and market jade from MC 193/ML 4338.  The indenture was cancelled on 4 July

1979 and the lease transferred to Cowell Jade Pty Ltd on 21 November 1979.  ML 4338 is current and held by

Gemstone Corporation of Australia Ltd.

There has been no production of nephrite or ornamental marble from MC 4966, MC 193 or ML 4338.

Geological Mapping

Under the indenture agreement, Centamin (1973) briefly mapped MC 193/ML 4338 including the jade

outcrop.  However, the jade outcrop was not recognised by Nichol (1974a), Scott et al. (1978) or Barnes et al.

(1980).

In 1979, the Cowell Jade Province was investigated as a potential source of grey green dolomitic marble. 

During reconnaissance geological mapping by D.A. Young (SADME), a deposit of fine-grained, white dolomitic

marble was identified in ML 4338.  This was tested with an air-track drill in December 1979 during jade quarrying

by D. Linke for Cowell Jade Pty Ltd.  Three holes penetrated 1-2m of solid marble beneath which the marble was

found to be strongly weathered to soft nodular powder for at least 6m.  Drill sites are shown on Figure 51.  Drilling

was abandoned and the site was not developed.

During subsequent investigations in 1983, a 40.30m diamond drill hole (CWM1) was drilled to more

adequately test the site.  The area was mapped and surveyed by D.A. Young and A.J. Smith, and mapping data are
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included as Figure 51.  Drill core was logged by D.J. Flint and D.A. Young (Figure 52).

Petrography of sillimanite gneiss in 1987 was by Sumitra Atmanwinata.

Site Geology

From west to east, the sequence within ML 4338 consists of:

- banded calc-silicate gneiss, mica and quartz + mica schist with minor sillimanite gneiss

- dolomitic marble

- sillimanite gneiss with minor quartzite

- granodiorite gneiss of Archaean Miltalie Gneiss.

Foliated granodiorite gneiss and layered granodiorite gneiss along the eastern limit of the mapped area are

interpreted as Archaean Miltalie Gneiss.  The remainder of the mapped area is interpreted as the basal banded

calc-silicate gneiss unit of Warrow Quartzite.  Schist units are more quartzose west of the dolomitic marble. 

Regionally they grade westwards to quartz schists and quartzites suggesting the sequence is basal Warrow Quartzite

which faces westwards.  The contact of banded calc-silicate gneiss and Miltalie Gneiss is, at least in part, mylonitic.

The structural setting is uncomplicated.  All units strike at about 020oM and dip 70-80o westwards.  D2 folds

were not observed but may cause minor repetitions within banded calc-silicate gneiss.  However, D3 folds are

abundant particularly in banded calc-silicate gneiss west of dolomitic marble.  Folds are open to tight but without

new axial planar fabrics.  Axial planes strike 010oM, dip steeply east and have fold axes plunging 50-60o towards

015oM.  Fold vergences are consistently Z-shaped.  As elsewhere in the jade province, D3 folds are abundant in

quartz-rich banded gneiss but very rare or absent in dolomitic marble highlighting the different mechanical response.

 Retrograded sillimanite gneiss in places contains a sericitic schistosity which is probably a D3 mylonitic schistosity.

Retrograde Sillimanite Gneiss

Sillimanite gneiss crops out both east and west of dolomitic marble but is most abundant between the

dolomitic marble and Archaean granodiorite gneiss.  Retrogression is extensive and very little of the original

sillimanite remains (6231 RS 207).  The assemblage now consists of fine muscovite/sericite (60%), chloritoid (20%)

and sillimanite (10%) with minor chlorite.  Muscovite/sericite forms very fine-grained, felted aggregates containing

subidiomorphic chloritoid porphyroblasts up to 2mm across.  Sillimanite forms contorted fibrous aggregates. 

Outcrops contains an S2 schistosity with tight, D3 kink folds, but a schistosity is not developed within retrogressive

products in 6231 RS 207.  A sericitic schistosity is developed in retrograded sillimanite gneiss intersected in hole
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CWM1.  Retrogression is thus interpreted as syn- to late- D3.

White Dolomitic Marble

Diamond drill hole CWM1 tested white to very light grey and fine-grained dolomitic marble which cropped

out along the western (hanging wall) contact of dolomitic marble.  The target was intersected in CWM1 9-10m

below the surface and consisted of dolomitic marble:

- uniform and fine grain size with an average less than 1mm

- uniform pale colour of white to very light grey (Munsell N8.5)

- inclusions of chlorite, serpentine and tremolite were absent.

However, the zone was only about 2m thick and core was weathered, calcreted and rubbly.  The largest

intact piece of core was only 9cm long.  In outcrop, along strike, dolomitic marble is light grey (N7 to N8).

Deeper intersections of dolomitic marble reveal:

- coarser grain size of 1-4mm,

- more grey colour, averaging light grey (N6.5 to N8),

- and more abundant inclusions either as compositional banding (S1/S2) or disseminated aggregates.

Full details of the colour variations are recorded in the drill log (Figure 52) but include:

- serpentine; light olive 10Y 5/4 and yellowish grey 5Y 7/2

- chlorite; dusky yellowish green 10GY 3/2, moderately yellow green 10GY 5/4 and green 5G 5/3

- tremolite; greyish green 10GY 5/2.

The deeper intersections are more typical of dolomitic marble throughout the Cowell Jade Province.

The geological mapping and diamond drilling have downgraded the potential for fine-grained, white

dolomitic marble in ML 4338 by showing this occurrence to be restricted, thin, fractured and deeply

weathered.

Nephrite

Outcrop 115 consists of semi-nephrite grading to nephrite in a small outcrop of about 0.55x0.46m. 
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Several boulders crop out in the creek bank.  The semi-nephrite is pale green but poorly translucent.  Texture

is typically nephritic with fine fibrous aggregates with an average grain size of 0.02-0.04mm (6231 RS 120). 

However, coarser tremolite prisms and needles to 1.5mm are also present and recognisable in hand specimens.

 These coarse euhedral prisms and needles are late stage and apparently crystallised after formation of the

nephritic fine fibrous aggregates.

A relict domainal structure is also present, indicating a pre-nephrite phase of dolomite or diopside. 

Boulders of float include tremolitic marble suggesting the pre-nephrite phase is more likely to be dolomite.

Fibrous aggregates tend to be aligned forming a D4 foliation which strikes at 122oM and dips 80oSW. 

Veins of fibrous tremolite are also present, as observed in other jade outcrops such as Outcrop 15 and 35 for

example, and are also interpreted as (late-stage) D4 structures.  Fibre lengths across the vein are up to 5mm.

Dolomitic marble within ML4338 is very similar to other dolomitic marble within the Cowell Jade

Province yet jade outcrops are scarce. The reasons are not clear but several observations are relevant within

the mapped area of ML 4338:

- hybrid pegmatite is rare

- metasomatic alteration zones of chlorite, tremolite, talc, epidote and clinozoisite are also rare

- D4 fracturing is not as intense as in other parts of the Cowell Jade Province.

The most significant fracture coincides with Outcrop 115 where dolomitic marble is offset across the

fracture, but has not been mapped in detail (Figure 50).
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