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Appendix B

OTHER CAMBRIAN GRANITE-RELATED Cu-Au PROSPECTS
IN THE MRV

Murchison Gorge

The Murchison Gorge exposes the contact between the Murchison Granite (Figure 1.1) and the
EQPS volcanics that closely resemble 'the volcanic rocks below the ore horizon at Red Hills
(Polya et al., 1986; Corbett and Lees, 1987; Corbett, 1992). The volcanic rocks are overlain by
the steeply dipping Farrell Slates (Polya, 1981; Corbett and Lees, 1987), similar to the ore
horizons at Rosebery and Hercules. Ore styles include disseminated, vein and replacement style
pyrite and chalcopyrite associated with chlorite and K-feldspar altered zones near the granite
contact.

Polya (1981) and Polya et al. (1986) described four hydrothermal alteration zones related to the
intrusion of the Murchison Granite. With increasing distance from the granite, they are: 1) a
potassic zone containing K-feldspar + chlorite + epidote + calcite + magnetite + pyrite. 2) an
epidote zone of epidote + chlorite + calcite + magnetite + allanite. 3) a chlorite zone of chlorite +
sericite + albite. 4) two sericite zones: a) sericite.+ quartz + calcite + K-feldspar + chalcopyrite +
pyrite + chlorite + hematite. b) sericite + quartz. The alteration zones occur parallel to the strike
of the contact between the volcanics and the granite with zones 1 and 2 close to the granite
boundary. Hydrothermal alteration assemblages within the granite are extensively. developed.
intense potassic, chlorite and sericite altered zones and late veins occur throughout the granite
(Polya, 1981; Polya et al., 1986; Corbett and Lees, 1987; Abbott, 1992; Davidson, 1998).

At and near the contact with the granite, massive pyrite and/or magnetite have replaced the
volcanics, but replacement becomes less intense with increasing distance from the granite. Apart
from éome disseminated pyrite, little sulfide exists higher in the section, except for chalcopyrite in
some K-feldspar veinlets. Decreasing MgO and increasing FeO in chlorites, away from the
granite, are consistent with a decrease in temperature (Polya et al., 1986).

Mineralogical zoning and sulfur isotope values are consistent mineralisation bein associated with
the intrusion of the Murchison Granite and its interaction with Cambrian seawater (Po‘lya et al,,
1986; Eastoe et al., 1987; Solomon et al., 1988; Abbott, 1992). Arguments by Polya et al. (1986)
suggest that the Murchison Gorge, Lake Selina, and Red Hills sections are all part of a continuum
through a Cambrian massive sulfide system and that the Murchison Granite acted as the heat
engine and also provided some of the metal budget.

Lake Selina

Volcanic rocks in the Lake Selina area (Figure 1.1) were intruded by Cambrian granites similar to
the Murchison Granite. Lake Selina ore styles consist of disseminated and cross-cutting veins of
magnetite, pyrite, chalcopyrite and sphalerite. At the contacts with the granite, replacement zones
contain magnetite, pyrite, chlorite and minor galena (Eastoe et al, 1987). The major
hydrothermal alteration styles; K-feldspar, chlorite and sericite/quartz/carbonate occur in discrete
overlapping zones (Hunns, 1987). K-feldspar varies from total replacement of the volcanics to

cross-cutting veins with diffuse edges. K-feldspar has been replaced by later cryptocrystalline
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chlorite + magnetite + pyrite. Chlorite alteration styles vary from total replacement of the rocks to
passive diffuse replacement with increasing distance from the centre of the system. Intensely
chlorite altered rocks commonly occur as breccias with chlorite matrices (Hunns, 1987). Two
zones of sericite altered rocks occur. The first forms an outer zone around the K-feldspar zone
and decreases in intensity with increasing distance from the K-feldspar zone. The second' zone
occurs within the K-feldspar and chlorite zone and overprinting relationships were observed
(Hunns, 1987). Carbonate veins cross-cut all three major hydrothermal alteration styles.
Magnetite, pyrite and chalcopyrite occur in veins and disseminations in close association with

chlorite alteration styles, although pyrite occurs in the sericite/quartz zone.

It has been proposed that Lake Selina is a small-scale massive sulfide system (Solomon et al.,
19887b) or a stockwork feeder system to a larger (yet undiscovered) massive sulfide system
(Cartwright, 1984). However, the shape of the hydrothermal alteration zones closely follows the
shape of the underlying Murchison Granite, and the alteration zones have closer affinities to
porphyry-copper or granite-related hydrothermal alteration systems than to VHMS systems
(Large, 1988; Hunns, 1997). In addition, sulfur isotope values suggest hydrothermal fluids that
formed the sulfides at Lake Selina were derived from the Murchison Granite (Eastoe, 1980;
Eastoe et al., 1987; Hunns, 1987; Solomon et al., 1988). This conclusion is supported by lead
isotope signatures that suggest a Precambrian source for the lead, similar to the lead at Rosebery
(Gulson and Porritt, 1987).

Red Hills

The Red Hills Prospect is located approximately 22 km north of Mt. Lyell (Figure 1.1). Two ore
styles occur; a narrow (3 metre thick) massive sulfide lens containing banded sphalerite, galena
and minor chalcopyrite (44% combined lead-zinc) and stockwork veins of pyrite, chalcopyrite and
magnetite. The sulfides occur within a sequence of interbedded black shales and clastic and
coherent felsic volcanics of the CVC (Eastoe et al., 1987; Jenkins, 1991). The massive sulfide
lens is similar to Rosebery in metal contents, host rock associations, isotopic signatures, Zn-ratio
and hydrothermal alteration assemblages. Stockwork veins occur within and outside a crude
brecciated pipe-like alteration zone that contains and underlies the massive sulfide lens.
Hydrothermal alteration assemblages are not conformable to lithological facies and occur in
discrete zones (Eastoe et al., 1987). The uppermost zone (A) contains quariz + albite + chlorite +
calcite. Zone B is transitional into a middle Zone C of quartz + sericite + chlorite. In Zone C,
quartz occurs as silicification and accompanies the massive sulfide lens. Zone D underlies Zone
C and contains quartz + K-feldspar + chlorite + magnetite + pyrite. Sericite alteration is intensly
developed in sheared zones, however shearing is interpreted to have occurred after the
hydrothermal alteration. Chlorite typically occurs as intense chlorite replacements around the
margins of veins that cross-cUt K-feldspar alteration assemblages and is confined to the pipe-like
zone. The pipe widens with depth and the K-feldspar content increases. The: chlorite and K-

feldspar alteration assemblages have been overprinted by late carbonate veins.

Ore styles at Red Hills have been interpreted to be of two genetic origins: 1) syngenetic gold-rich
massive sulfide pods and, 2) stockwork veins similar to other granite-related mineral occurrances
in the MRV (Large, 1988; Jenkins, 1991). Evidence for a syngenetic origin for the massive sulfide

lens is restricted to the coincident occurrence with black shales and the sulfide banding. Based
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on geophysical interpretations, the Red Hills Prospect is believed to directly overlie a buried
Cambrian granite (Payne, 1991; Large et al., 1996). Secondary K-feldspar abundances increases
with depth, consistant with a granite-related model. Lead isotope data for the massive and
disseminated sulfides is similar to the lead isotopes from Rosebery, Lake Selina and Elliot Bay
and suggests a Precambrian source, and lead isotopes for the black shales give a Cambrian age
(Gulson and Porritt, 1987).

L.ake Dora

At Lake Dora (Figure 1.1), disseminations and veinlets of pyrite; chalcopyrite, galena and
sphalerite are associated with magnetite and hematite veins. The sulfides occur within a single
prominent chloritised quartz “grit” horizon stretching for over 3 km in a northerly direction
{Solomon et al., 1988). The “grit” occurs within a sequence of guartz-feldspar-phyric voicanics
and associated volcaniclastic conglomerates similar to Tyndall Group rocks {(Corbett, 1981;
Solomon et al., 1988; Corbett, 1992). §*'S values (+10-14%o) from the magnetite-pyrite veins and

disseminated sulfides are similar to values from the Jukes-Darwin area {Solomon et al., 1988).
Beatrice

A section similar to the Red Hills section occurs at the Beatrice Prospect northeast of Mt. Lyell
(Figure 1.1). Ore styles include veinlets and small (<3 cm) lens-like replacements of pyrite,
sphalerite, galena and minor chalcopyrite within the voicaniclastic and shale sequence (Hope,
1999). Hydrothermal alteration assemblages recognised by Hope (1999) are: 1) pervasive
sericite + quartz + carbonate, 2) pervasive chlorite, 3) chlorite replacement of pumice clasts and
volcaniclastics, 4) chlorite in veins and replacements in previously K-feldspar altered rocks, 5) K-
feldspar/adularia altered rhyolite clasts and pumice fragments, 6) K-feldspar + chlorite +
magnetite replacement of volcanic textures, 7) K-feldspar + quartz + carbonate =+ chiorite + sulfide
veins. Chlorite alteration (4) occurred between K-feldspar events 6 and 7. Pyrite increases with
chlorite content in the rocks. Magnetite and hematite occur at depth beneath the prospects in
association with K-feldspar alteration assemblages.

Within the volcaniclastic units, sulfides are typically concentrated at the upper contacts between
fine and coarse graded units and occur in fine anastomosing veinlets parallel to the contact in
association with an increase in hydrothermal chlorite alteration intensities. Deeper in the system,
chalcopyrite is intergrown with pyrite in veins within K-feldspar-chlorite-magnetite altered
volcanics. In the shale unit, pyrite + sphalerite + galena occur with arsenopyrite, marcasite and
pyrrhotite.  Sulfides occur in bedding parallel and discordant veinlets, and as selective
replacements that rim carbonate and evaporite laminae (Hope, 1999).

Carbon and oxygen isotope data from vein carbonates {(mean -4.3%. and +10.4%. respectively)
are consistent with Cambrian hydrothermal fluids as defined by Khin Zaw (1991). Sulfur isotopes
support an interpretation of seawater and rock sulfur as the source. Lead isotope data support a
Precambrian source for lead (Hope, 1999).

The two genetic interpretations for the Beatrice Prospect are (1) epigenetic veins and selective
replacements (Wilde and Kerr, 1990; Hope, 1999), and (2) bedded syn-sedimentary sulfides
(Boyd, 1994). Limestone clasts and evaporite laminae suggest that the depositional environment

was shallow water. As a result, fluids may have boiled resulting in footwall brecciation and
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stockwork ore styles rather than massive sulfide accumulation. The occurrence of hydrothermal
K-feldspar + magnetite suggest a relationship to the Cambrian granites, however the nearest
granite is at least 2 km to the east. Isotopic evidence does not conclusively support either an

epigenetic or syngenetic model.
Lake Burbury Prospect

A small (100-200 metres long by <100 metres wide) zone of hydrothermal sericite-chlorite-K-
feldspar alteration assemb‘lages occurs in association with a series of magnetite = tourmaline +
- pyrite veins in Tyndall Group volcaniclastic rocks 4 km east of Mt. Lyeli (Jaeger, 1996). Ore styles
include magnetite, magnetite-tourmaline, quartz-hematite, pyrite and quartz-pyrite-chalcopyrite
veins. In addition magnetite-chlorite = tourmaline and magnetite-hematite breccias occur,
although their genesis is unknown. Overall, the ore and hydrothermal alteration styles are
identical to those observed along Jukes Road in the current study and were concluded to be
related to buried Cambrian granite (Jaeger, 1996). Although small, this occurrence of granite-
related alteration and ore styles suggests that processes similar to those at the Darwin and
Murchison Granites continued at least until lower Tyndall Group time in the eastern Mt. Lyell area.
Large et al. (1996) extended the interpreted the granite ridge from the Jukes Prospect northward
at depth below to the east Mt. Lyell area.

Garfield Prospect

The Garfield andesites (Sections 4.3.1.6 and 4.4.5. Figure 5.2) are comprised of two hornblende-
phyric phases that intruded rhyolitic voicanics of the YRS and are texturally and compositionally
similar to Suite Il Crown Hill and Anthony Road andesites (Crawford et al., 1992; Halley et al,,
1996). Their contacts with the enclosing rocks are sharp, consistent with intrusfve emplacement.
In the overlying sequence, a feldspar-phyric lava occurs that is interpreted to be the highest
occurrance of CVC rocks in the local stratigraphy (this study). The CVC lavas were intruded by
andesitic dykes of similar composition to the main Garfield andesites constraining the timing of
the andesite intrusion to post-CVC emplacement. One of the Garfield andesites has geochemical
similarities to the granodiorite phase of the Murchison Granite. Two of the Garfield andesites,
however have REE patterns similar to the Lyell-Comstock andesites and are typical Suite |l rocks
(Crawford et al., 1992).

Pyrite and chalcopyrite are principally hosted in the main Garfield andesites (Halley et al., 1996;
Duncan, 1997). They occur in veins and as disseminations. Magnetite and apatite (Plate 5.11C)
occur in veins with alteration halos around fractures, and as disseminated grains. Pervasive
chlorite-sericite alteration is associated with the ore minerals. Disseminated éulfides are confined
to a zone within 20 metres of the andesite contacts. The copper to gold ratio of 3(%) Cu to 1
{ppm) Au is consistent throughout the prospect. Zinc and lead values are low. Sulfur and oxygen
isotope values from pyrite and magnetite respectively, apatite REE patterns and apatite eNdsoomy)
values, support the conclusion that the ores formed from magmatic fluids with little or no local
rock input (Halley et al., 1996; Duncan, 1997). Sulfide precipitation occurred as a result of pH
increase or cooling (Duncan, 1997).



Elliott Bay

In the Elliott Bay region (Figure 1.1), CVC volcanics were intruded by the Cambrian Elliott Bay
Granite (Chapters 3, Sections 3.2.2.3 and 3.3). The Elliott Bay Granite was interpreted to be a
subvolcanic intrusion and the volcanics are composed of a mixture of quartz-clastics, porphyritic

felsic lavas and intrusions, and minor intercalated conglomerates and shales (Large et al., 1987).

Ore styles include several small (3-6 metres wide and 10-20 metres long) but high-grade (up to
36 % combined lead-zinc) stratiform massive sulfide lenses, disseminated domains of galena,
sphalerite and pyrite and disseminated and quartz vein gold. The massive sulfide lenses lack
footwall stringer alteration styles suggesting that they were deposited distal to the hydrothermal
vents (Large et al., 1987). In addition, veins and disseminations of galena-sphalerite-carbonate
occur associated with porphyries and volcaniclastics and lead-isotope studies suggest that they
are younger than, and possibly unrelated to the massive sulfides (Gulson and Porritt, 1987).
Several breccia styles occur including volcaniciastics, hematite breccias with chlorite aitered
clasts, and tourmaline breccias and breccia veins (Garrett, 1989). '

South of the massive sulfide lenses, a laterally extensive zone of hydrothermal chlorite and
sericite alteration assemblages occurs that is underlain by extensive disseminations and
stockworks of magnetite. The chlorite-sericite alteration assemblages and associated magnetite
veins were reported to be similar to hydrothermal alteration assemblages at Mt. Darwin and the
Murchison Granite (Large et al., 1987). The chlorite magnetite zone occurs at a lower
stratigraphic level than the massive sulfides and was interpreted to be related to deep
hydrothermal circulation associated with intrusion of the granitic porphyries (Large et al., 1987).

The genetic model for the Elliott Bay massive sulfides and assbciated Cu-Au ores involves three
stages (Gulson et al., 1987; Large et al., 1987): 1) extension, thinning and rifting of the Tyennan
basement, 2) eruption of pyroclastics into a partially submarine, partially subaerial environment,
penetration of seawater along the rift margins and initiation of the hydrothermal circulation system
to form the stratiform massive sulfides, 3) Intrusion of high-level granites and quartz porphyries
and formation of the hydrothermal chlorite-magnetite alteration styles and associated goid. Lead

isotope values suggest the source of metals was the Precambrian basement.
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Appendix G. Results of XRD Analyses. G-1
Sample >80% 60-80% >60% 40-60% 25-40% 15-25% 10-15% 5-10% <5%
Number .
B1077 Quartz Plagioclase, K-y Chiorite
Feldspar
B1090 Quartz - Plagioclase Mica Chlorite
Mica,. K-
B2011 Quartz Feldspar,  ?Smectite
Plagioclase
) Hematite,
B2030  Tourmaline Quartz 2Chlorite
Plagioclase, K- Mica,
B2033 Quartz Feldspar ?Hematite
B2043 Quartz Plagioclase Mica
Tourmaline, Mica,
B2049 Quartz ?Hematite
B2052 Quartz
B2054 Quartz K-Feldspar  Plagioclase Mica
74293 Mica Plagioclase K-Felds.par, Chlorite
Ankerite
B1006  Chlorite (94) Quartz (8)
B1010  Chlorite (95) Quartz (3) Mica (2)
Mica (4),
10350  Chlorite (84) Goethite (6) Quartz (4),
Rutile (2}
8600 Quartz Mica Kaolinite Chlorite, K-
Feldspar
. . Hematite,
10140 Quartz Chlorite Mica K-Feldspar Goethite
10330 Quartz Mica Chlorite K-Feldspar
. Mica,
10520 Quartz Chlorite K-Feldspar
10550 Quartz Mica Chiorite K-Feldspar,
Hematite

All XRD analyses were conducted at the laboratory at Mineral Resources Tasmania, Rosny Park, Tasmania.



Appendix G. Results of XRD Analyses. _ G-2

Sampie Chlorite Siderite Quartz K- Mica Goethite Rutile TO‘f"' Jarosite - Hematite Pyrite Plagioclase Magnetite
Number Feldspar maline
10250 5 9 4 82
10270
(non- 35. 19 4 15 20 4 3
Magnetic) - ’
10290 2 57 40 1
10300 5 40 14 35 [
10300
(+2.88 ”
5G, 17 2 8 1 12 58 2 ?
heavies)
10300A 4 80 9
10350 89 3 2 5 1
10350A
(non- 42 14 3 15 14 4 7 1
magnetic '
103508
(+3.15G, 53 ) 8 4 20 1 13
Heavy)
10420 37 7 10 43 3
10420A 1 82 16 1
10510
(Heavies) 3 15 14 24 28 4 11
B1006 47 43 10 1
B1010 33 51 13 1. 2

Ali XRD analyses were conducted at the laboratory at Mineral Resources Tasmania, Rosny Park, Tasmania.
Numbers are in Percent.
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Appendix K

PIMA SPECTRA
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Appendix L. PIMA Data for Jukes Road and Mt. Darwin Samples. L-1
Sample TSA TSA

Number TSA Minerall Weightl TSA Mineral2 Weight2 TSA Error AIOH FeOH .
10140 FeChiorite  0.738  Phengite 0.262 63.467 2210.736 2250.392
10190 FeChlorite ~ 0.759  Phengite 0.241 333.04 2212788 2249.404
10200 Phengite 1 NULL NULL  80.966 2214.607 NULL
10210 NULL NULL NULL NULL NULL 2225757 2263.934
10220 FeChlorite 0505  Phengite 0.495 76.129 2215496  NULL
10250 Phengite 0.85  Halloysite 0.15 49.416 2209586  NULL
10290 Muscovite ~ 0.514  FeChlorite  0.486 90.861 2214.055 2233.753
10330 Phengite 1 NULL NULL 98.77 221275  NULL
10420 Phengite ~ 0.807  Halloysite 0.193 67.764 2208.631  NULL
10520 FeChiorite 1 Phengite NULL 90.69  2209.628 2253.487
10580 FeChlorite 1 Phengite NULL 59.722 2218779 2253.341
10750 Phengite 1 NULL NULL  105.697 2215278 NULL
10850 Phengite 1 NULL " NULL 96.513 2215307 NULL
400504 Phengite 1 FeChlorite ~ NULL 48.98 2215516 2240
400505 NULL NULL NULL NULL NULL  2226.656 2256.925
400531 NULL NULL NULL NULL NULL NULL  2260.85
B1022 Muscovite  0.819  Halloysite 0.181 145871 2208568 NULL
B2027 Muscovite 1 NULL NULL 52997 2206432 NULL
B2028 Phengite 1 NULL NULL  106.628 2209713 NULL
B2031 Muscovite 1 NULL NULL 56.865 2204.315  NULL
B2032 Phengite ~ 0.575  FeChlorite  0.425  252.165 2210.836  NULL
B2033 Muscovite ~ 0.572  Halloysite 0.428  140.305 2205396 NULL
B2035 NULL NULL NULL NULL NULL  2206.116 2243.284
B2037 Halloysite 1 NULL NULL  192.013 2206.189  NULL
B2038 FeChlorite ~ 0.608  Phengite 0.392  150.098 2211.455 2254.549
B2040 Phengite 1 NULL NULL 61.625 2215803 NULL
B2043 - Hlite 1 NULL NULL 25715 2201.839 NULL
B2044 Halloysite ~ 0.708 Epidote 0.292  190.645 2207.481 2248593
B2045 Muscovite  0.744  Halloysite 0.256  116.253 2210.254 NULL
B2047 Phengite 1 FeChlorite NULL 87.462 2214 2254
B2048 Phengite 1 NULL NULL  119.328 2219.071 2246.18
B2049 Phengite 1 NULL NULL  180.128 2213224 2234442
B2050 Phengite ~ 0701  Halloysite 0299 108792 2210 NULL
B2051 Halloysite 1 NULL NULL  170.316 2205316 2255.861
B2054 Muscovite 1 NULL NULL 83575 2207643 NULL
B2061 llite 0565  Muscovite  0.435 30.126 2202.646 NULL
MJ9601 Phengite 1 NULL NULL  71.342 221717  NULL
MJ9602 Phengite 1 NULL NULL  74.018 2218795 NULL
MJ9602A Halloysite 0557  Phengite 0443 242252 2206588  NULL
MJ9604 Phengite  0.793 Brucite 0.207  149.551 2218192 2235219
MJ9606 Phengite 1 NULL NULL 99479 2212955 NULL
MJ9608 FeChlorite 1 NULL NULL 46.44 2218  2255.69
MJ9609 Phengite ~ 0.577  FeChlorite  0.423  111.319 2216.966 NULL
MJ9610 Phengite 1 NULL NULL  63.093 2215424 NULL
MJ9611 Phengite ~ 0.581  FeChlorite  0.419  119.846 2216.001 NULL
MJ9612 Phengite 1 NULL NULL  76.947 2217576 NULL
MJ9613 FeChlorite 1 NULL NULL 12364  NULL  2255.106
MJ9614 FeChlorite ~ 0.776 Zoisite 0.224 39.522 2225414 2256.193
MJ9615 Phengite 1 NULL NULL 107.94 2221683  NULL
MJ9616 Phengite ~ 0.653  FeChlorite  0.347 70199 2222562 2251.716
MJ9617 Phengite 1 NULL NULL 34.457 2219149 2250.963
MJ9618 Phengite 1 NULL NULL  46.083 2221.341 NULL
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Appendix N. Analytical Results of Vein Analyses from Mr. Darwin. N-1

Tourmaline-
Specular
Tourmaline Tourmaline Magnetite Magnetite Tourmaline Hematite Quartz
Vein Vein Vein Vein Vein Vein Vein
Sample
Number B2020 B2025 B2026 B2029 B2030 B2052 B2060
Sio2 74.71 69.58 3.65 22.31 50.61 63.96 98.42
TiO2 0.24 0.23 0.09 0.05 0.19 0.14 0.01
Al203 13.42 17.79 0.51 0.53 27.03 20.85 0.47
Fe203 4.15 6.17 95.47 76.85 15.59 9.83 0.77
MnO 0.09 0.01 0.01 0.01 0.02 0.01 0.01
MgO -0.99 4.26 0.06 0.06 4.30 3.25 0.02
Ca0o - 0.83 0.54 0.02 0.01 0.33 0.22 0.01
Na20 0.09 1.26 0.05 0.05 1.85 1.58 0.05
K20 5.32 0.15 0.16 0.08 0.08 0.10 0.31
P205 0.06 0.01 0.03 0.09 0.01 0.04 0.01
Total Volatile
Free 99.91 100.01 100.05 100.03 100.00 100.00 100.09
FeO 3.76 5.58 86.40 69.55 14.11 8.90 0.70
) 0.09 0.01 0.01 <0.01 <0.01 <0.01 <0.01
Sc 5 20 <2 8 46 32 <2
Ti(PPM Calc) 1430 1404 542 302 1149 860 60
v 29 136 187 18 103 30 <1.5
Cr 5 17 11 6 8 2 2
Co
Ni 2 5 7 5 4 7 <1
Cu 48 14 33 33 36 3 <1
Zn 48 56 32 6 50 20 2
As <3 8 4 25 <3 <3 <3
Br
Rb 199 6 9 3 3 2 8
Sr 26 84 16 15 100 63 2
Zr 145 142 6 10 54 54 7
Nb 14.2 6.9 <2 2.6 2.6 5.1 1
Mo
Ag
Ccd
Sn 8.8 7.3 0.4(<3) 1203.4 39.4 148.1 3.0
Sb
Cs
Ba 877 36 63 54 25 28 98
La 49 19 14 5 g - <2 <2
Ce 96 37 7 3 10 <4 <4
Nd 34 12 4 5 3 <2 <2
Y 24 9 60 648 8 373 12
w
TI
Pb 4 224 62 16 45 2 <1.5
Bi <2 2.4 5.9 17.4 <2 <2 <2
Th 31 15 <2 3 13 13 <1.5

U 5.5 2.8 15.5 11.6 2.7 41 <1.5
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APPENDIX O. ALTERATION AND MINERALISATION PARAGENESIS: NOTES
AND REFERENCES

The foliowing observations were used to construct the alteration and mineralisation paragenesis
discussed in Chapter 7. The observations are presented here as factual observations made by
the author or are appropriately referenced if taken from previous studies. The observations of the
author are from the Jukes Pr\ospect and the Mt. Darwin areas and are separated below on that

basis.
THE JUKES PROSPECT OBSERVATIONS

EARLY

Diffuse weak sericite alteration of least altered feidspar-phyric volcanics (FPV) occurs along
Jukes Road. (Field Observation).

Diffuse chlorite replaces sericite in feldspar phenocrysts in moderately altered FPV (Common
Petrographic Observation, Figure 5.14E).

Diffuse chlorite replaces groundmass and groundmass feldspar laths in FPV (Rock 10310).
Chilorite veins with diffuse boundaries replace sericite altered FPV (Rock 10310).
Quartz + chlorite + sericite are cut by quartz only veinlets (Rock 10290).

Quartz veinlets cut the sericite altered FPV. (Field Observation).

MIDDLE

Disseminated pyrite and magnetite occur in K-feldspar altered FPV with stockwork quartz veins
(Rock 10280).

Disseminated magnetite occurs with K-feldspar and chlorite alteration. (Field Observation).

K-feldspar + sericite + chlorite replace groundmass micropoikilitic groundmass quartz in the FPV

(Petrographic Observation).

Stockworks of quartz + chlorite + sericite occur throughout the intensely altered K-feldspar altered

rocks. (Field Observation).

Diffuse quartz occurs with some K-feldspar alteration assemblages (Petrographic Observation).
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Diffuse chlorite replaced both the groundmass and feldspar phenocrysts (chlorite disease) along
Jukes Road (Field Observation, Plate 7._). These rocks (with “Chlorite disease”) are cut by veins
of K-feldspar that have diffuse K-feldspar replacing chlorite along the vein margins (Field

Observation).

Diffuse K-feldspar + chlorite replace previously sericite + chiorite altered groundmass in FPV
(Rock 10310). '

Diffuse chlorite replaces the groundmass in a magnetite-tourmaline breccia (Field Observation).

Vein chlorite * pyrite & chalcopyrite fills fractures and replaces both sericite and K-feldspar altered

FPV outward from the fracture margins. (Field Observation).
Diffuse sericite altered FPV is locally overprinted by K-feldspar without chlorite (Rock 10310).

Diffuse sericite 70-100% replaces feldspar phenocrysts in FPV. It is then replaced by chlorite.
The rock is then cut by chlorite-tourmaline-magnetite, quartz, quariz-sericite and quartz-chlorite-
tourmaline veins. (Rock 10370, Plate 7.3).

Quartz + K-feldspar veins are cut by quartz + chlorite veins. (Rock 10290).

Diffuse vein controlled K-feldspar altered the groundmass around fracture margins. K-feldspar

replaced previously chlorite altered feldspar phenocrysts. (Petrographic Observation).

Diffuse K-feldspar altered the groundmass after sericite + chlorite altered the feldspar
phenocrysts. (Rock 2037).

Stockwork quartz + K-feldspar veins in K-feldspar altered FPV. The veins were reopened by
chlorite + chalcopyrite + pyrite veins that aliso filled new fractures in the same rock. (Rock
10280).

Diffuse K-feldspar replaced earlier chiorite altered FPV vein veinlets. The veinlets were then

reopened and filled with chlorite. (Petrographic Observation).

Chilorite-tourmaline and magnetite breccias contain angular clasts of intensely K-feldspar altered
FPV. (Rocks B1001 and B1009).

Sericite altered FPV is overprinted by K-feldspar alteration assemblages and they are in-turn cut

by chlorite veins. (Petrographic Observation).

Stockwork veins of quartz + pyrite + chalcopyrite occur in the intense K-feldspar altered rocks.

Some have been reopened and used by later chlorite. (Field Observation).

K-feldspar altered FPV is overprinted by intense chlorite (Field Observation and (Doyle, 1990).
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Magnetite + pyrite veins cut K-feldspar altered CVC (Field Observation and Doyle, 1990)

Chlorite + quartz + pyrite + chalcopyrite vein intrudes K-feldspar altered FPV in the margins of the
breccia (Rock 10210).

Chilorite + chalcopyrite vein cuts K-feldspar altered FPV. (Field Observation).

Pyrite and Chalcopyrite occur in quart veins that cut sericite and chiorite altered FPV (Rock
10220).

Three stages of quartz veins occur in K-feldspar altered FPV (Rock 10220).
Chalcopyrite vein cuts chlorite altered FPV in the core of the Jukes Prospect (Field Observation).

Pyrite and chalcopyrite occur in chlorite along the margin of the quartz-feldspar porphyry dykes
(Field Observation). '

Chalcopyrite an malachite occurs in post mineral faults (Field Observation).

Galena and sphalerite occur in a chalcopyrite vein and in dolomite veins (Doyle, 1990).

LATE
Sericite vein cuts sericite altered FPV. (Petrographic Observation).

Diffuse sericite halo replaces K-feldspar altered quartz-feldspar porphyry dyke around a sericite-
quartz vein. (Plate 7.6G).

Dolomite occurs in veins that cut the chlorite-tourmaline and magnetite breccia matrices as well
as K-feldspar altered FPV (Doyle, 1990).

Dolomite veins cut K-feldspar and sericite altered FPV in the outer zone of the Jukes system
(Field Observation).

Sericite + pyrite veins cut the “Chlorite Zone” (Doyle, 1990).
Quartz-sericite vein cuts tourmaline + chlorite vein (Field Observation).
Magnetite vein is cut by quartz vein (Field Observation).

Tourmaline vein is cut by quartz vein (Field Observation).
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MT. DARWIN AREA OBSERVATIONS

MIDDLE
Magnetite veins cut altered CVC (Field Observation, and Plate 7.4).
Tourmaline veins cut altered CVC (Field Observation, and Plate 7.2).

.

Magnetite veins occur in joints and fractures within the pink granite phase of the Darwin Granite
(Field Observation, and Plate 7.4, and Large et al."1996).

Chalcopyrite occurs in chlorite altered CVC at -the contact of the Darwin Granite. (Field

Observation).
Small (<1 cm) tourmaline veins cut the granite contact zone. (Field Observation).

The contact zone of the Darwin Granite is typically silicified with disseminated pyrite. Localised

areas have K-feldspar alteration and magnetite. (Field Observation).

Magnetite + hematite veins cut K-feldspar and chlorite altered CVC near the summit of Mt.

Darwin. (Field Observation).

K-feldspar, chlorite and quartz occur as infills to previously existing magnetite veins (Field

Observation).

Quartz-specular hematite veins are cut by magnetite veins and these are in-turn cut by tourmaline

veins (Field Observation).

Some tourmaline veins have an outer rim of tourmaline and an inner zone of magnetite +

hematite. No sharp transition was observed. (Field Observation).

Pyrite and chalcopyrite occur in stockworks of magnetite + hematite and tourmaline veins (White,
1975).

Magnetite + pyrite veins cut the CVC (Jones, 1992).

Disseminated magnetite and pyrite occur in localised domains near the granite contact (Field

Observation).

Veins of pyrite occur in the pink granite phase of the Darwin granite (Jones, 1992).

Tourmaline occurs with magnetite and pyrite in the CVC (Jones, 1992).

Chalcopyrite occurs in magnetite + hematite veins at the Prince Darwin Prospect (White 1975).

Chalcopyrite occurs in magnetite + hematite veins at Intercolonial Spur (Gadaloff, 1996).
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Chalcopyrite occurs in Chlorite altered zones at Intercolonial Spur (Gadaloff, 19986).
Chalcopyrite is remobilised at Intercotonial Spur (Gadaloff, 1996).

K-feldspar altered clasts of CVC occur in tourmaline-magnetite breccias at Intercolonial Spur

(Gadaloff, 1998).

LATE

Chalcopyrite occurs in sheared EQPS at the East Darwin Prospect and Findons but in magnetite
+ hematite veins in the CVC on the other side of the fault (Gadaloff, 1996).

Chalcopyrite replaces barite at East Darwin (Gadaloff, 1996).

8%S values from shears and fractures have Cambrian seawater values (Solomon, 1988; Jones

1992; Gadaloff, 1996, This study).
Magnetite veins are cut by quartz veins (Field Observation).

Quartz veins are cut by tourmaline veins in the CVC (Jones, 1992).






