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Abstract. The PHO Kham copper-gold deposit is in'the Lao People’s
Dernocratic Republic. Thie .name translateés literally as “Mourntain-of
Gold" The deposit includes distal sulphide skarn, proximal silicate-
oxide skarn and stockwork mineralisation styles that are spatially re-
lated 1o a series of intermediate porphyry dykes. The alteration as-
semblages, vein stylesand intrisive associationis of the deposit sug-
gest that it represents the dppiar or distal portions'of a dlassical por-
phyry copper-gold mineralisation-system. At the present stage of
evalustion, the deposit containg a combined indicated + inferred re-
souree-of 108 Mt @ 0.8% Cu &0.3 g/t Auata cut-off grade of 0.5% Cu
{PanAustralian Resources annual report 2004) within a global resource
of 311 Mt @ 0.5% Cu &0.2 g/t Au'at a tut-off grade of 0% Cu.

Keywords, Phiu Kham, Laos, porphyry copper gold, skarn, carbonate
réplacement, stockwork

1 Regional geology

The Phu Kham deposit occars near the intérsection of the
Loei and Truongson fold belts. These belts respectively form
the'west and northeast margins of the Khorat-Koritum ter-
rane (Fan 2000). They contain deformed Palagozoic volcano-
sedimentary sequences-arid acid to intermediate intrusive
suites (Fig: 1).Most of the Phu Khiam minefalisationy occurs
ini 4 sequence of intermediate volcaniclastics withdnterbedded
Pérmo-Carboniférous-liméstones, In the deposit .ares; the
hiost sequetice is separated from a basement of redbeds and
granitoids by a low angle fault. The'age of the basernent is
urknowi Small diorite bodies and intermediate porphyry
dykes intrude the basernent and host sequence.

2. Discovery

The deposit was discovered in the 199497 period by Phu
Bia Mining. The compuny is presently owned by Pan Aus+
tralian Resources Limited (80%) and Newmiont South'East
Asia Pty Lid (20%).

The discovery was. the result of traditional soil and
rockchip follow-up of afiomalous gold results from a re-
gional BLEG stream sampling programi.

The -deposit was originally interpreted ‘as a classical
stockwork-disseminated ‘porphyry copper-gold, system.
Detailed mapping and telogging of dfillcoré ndicated that
the majority -of the host rocks ‘aré volcaniclastics, taffs
and skarn with ‘only minor porphyry dykes. A drilling
programbased on the new geological maodel led to delin-
eation of the orebodies currently under evaliation.
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Figure 1 Regional setting of the Phu Kham deposit.
3 Lithology

in the immediate vicinity of Phy Kham, the basement
rocks aré dominated by distinctive maroon’ coloured
tedbed siltstones with thick lenseés of arkosic conglomer-
ate. The redbeds closely resemble some usits of the Cre-
taceous Khorat Basin seqlience in northers Thailand (K
Zaw pets, commi.). However, évidence of at least two de-
formation events in the rédbeds-at Phu Kham suggests
that they may be significantly older than the Khorat se-
quence:

Alarge body of muscovite-biotite granite defines the
eastern limit of the deposit (Fig.2). Redbed xénoliths in
this body indicate that it is'part of the basement:

Above thelow angle fault, the mineralisationhost rocks
have been converted almost eritirely to 4 sericite-quartz-
pyritemineralogy with moderaté to strong foliatiorn. These
rocks were previously thought tobe feldspar porphyries;
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Figure 2: Schematic section through the Phu Khany Cu-Au deposit.

but ‘erystal; Tapilli and dithic textures preserved in'many
examples suggest they ate tuffs and voleaniclastic sedi-
ments. Alack of quarts phenocrysts and only miner chlos
rite after mafic grains suggest that their original comipo-
sition was intermediate.

Within the host $tratigraphy, there are nunierous units
of Banded to massive pyrite with varying amotints.of in-
terstitial quartz dnd sericite. These rocksare interpreted
as distal skarn-or sulphide replacement of calcareous sedis
ment Jayers.

Several large outerops of massive imestone occur in
the'districtand alarue block occurs between the deposit
and the granite to the sast: The limestones are probably
part of the host sequence, but the exact stratigraphic ré-
lationshipis unknown A coral fossil from these limestones
has been tentatively dated as Permian or Carboniferous
in'age {Cann 1997 unpublished).

A series of feldspar porphyry dykes (FPC) with: 30+
509% 4-8 mim feldspar pheniocrysts has been-identified in
the eastern half of the deposit (Fig: 2.). Primary mineral-
ogy s gefierally obscured by alteration. Up to 10%
chioritised mafic grains can be identified in: some- ex-
amples. Fine-grained quartz is commonly present in the
mitrix, Textural gradationsbetween FPCand leucodiorite
have been observed. The dykes aré much less déformed
than the Host Sequence.

Several small pligs and dykes of acid fine grained in-
trasive (AFI) occur throughout the deposit ared. These
rocks have a fine gaccharoidal texture and varying de-
grees Of quiartzopyrite alteration: Some AFI bodies in drill
intersections near the eastern margin of the deposit have
aplitic textiives. Sparse 2-4 mui quartz phenocrysts have
beenidentified in somie outcrops: Mappéd exposutes be-
cur' iy north or east trending dusters, génerally in the
vicinity of steep dipping fauiis.

Numérous bodies of garnetaind magnetite skarn have
béenintersected inthe vicinity of FPCdykes (Fig. 2). Small
bodies of granuldr quartz-hematite gkarn-occur on the
contacts between some AFLintrisives and pyrite skarns,
Naitow zones of chlotitesgjuartz-hernatite skarn cony-
monly mark the tfansition from garret or magrnetite skarn
to-volcaniclastic hostrock.

4 Structure

The low angle fault between the host séquence and the
basement dips noytheast at-~:20% The structure varies
from o 30 cm shear to a 20 m-swarm of unmineralised,
massive quartz veing: The movement vector on this fatlt
has not been resolved: The low angle fault is cut by a se-
ries of north to northwest: trending: vertical faults: Nor-
rival-and reverse movement on thiése structiires has pre-
served a thick Block of the host sequence along the east-
ern side of the'deposit (Fig. 2). The FPC dykes-that con-
trol mineralisation appear io-have intruded these steep
dipping structures. Consequently, it is concluded that the
mineralisation post-dates development of the low anglé
fault. Several sicep structures strike east-northéast across
the southern end of the deposit. These faults produce ap-
parent sinistral and.dextral offsets.of Up to 100 min the
north trending fdults; inidicating that they are the young-
est set/An AFL dyke occupies one of these structures sug-
gesting that it 1§ youngér than the other dykes.

The - baseinent redbeds.and 1he host volcanics have
indersone at least two deformation events. The first event
produced a peretrative phyllitic cléavage. This cleavage
is-axial-planar in'some small isoclinal fold hinges. The
second eventdeformed the cleavage to produce folds with
subhorizorial west-northwest trending axés. A weak third
cventis indicated by pressure shadows on sulphide grains
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and minor kink folding. The low angle fault does notap-
pear to be folded at the deposit scale, but may have small
folds that ‘cannot be resolved at the curfent density of
drilling. The deformation events may correspond to three
events Bietween the Late Carboniferous and Late Cretas
ceous-as-described by Potisat (1996).

The lack of foliation in' FPC dykes suggests the intru-
sive activity began after the first deformation. Barly veins
in the mineralisation system cut the foliation, but are cons-
monly folded and boudinaged. Later sineralised vein
types are less deformed suggesting that the mineralisation
event may have spanned the second deformatiorn;

5 Alteration

Almost all of the host sequence is affected by strong, per-
vasive phyllic alteration. The redbeds adjacent to-the low
angle fault and steep structures are also sericite altered,
but the alteration rarely extends more than 10 m beyond
the contact:

Strong K-feldspar altération occurs withinand around
some FPC dykes. Minor sécondary. bictite has been ob-
served in thin section (Ashley 2003).

Sulphide, magnetite and garnét skarns clearly replace
calcareous units within the host sequente and some re<
place parts of the massive limestone block to the east.
Magnetite and ‘garnet commonly ‘occur together. Pyrite
skarn occurs as massivé bodies and as replacenient fronts
overprinting ‘magnetite. Quartz-hematite skarns appear
to represent endoskarn development on the margins of
AFlintrusives. The chlorite-quartz-hematite skarnis prob-
ibly represent replacement of impure Hinestones oncon-
tacts'with volcaniclastic uiits:

Most.of the mineralisation in the hagnetite and gar-
fiet skarns is-associated with a retrograde ‘alteration ds-
semblage dominated by hematite, cirbonate, chloriteand
pyrite: This assemblage usually occurs as'narrow frac-
ture and vein halos.

No examples of skarn alteration have been observed
ini the redbeds despite commion calcareous units and ad-
jacent FPC intrusives,

Small amotints of pyrophyllite and diaspore have been
observed in-similar sites fo sericite: (Ashley: 2004 unpubl.).
In combination with tracés of enargite; this suggests areds
of high sulphidation énvironinent it the $ystem. It is con-
cluded that these zone represent the deepest parts of 4 high
sulphidation zone that overprinted the upper parts of a clas-
gical potassic-phyllic potphyry environmetit:

6 Mineralisation paragenesis

Mineralisation’ at Phu Kham occurs in several distinct
skarn and véining events (Fig.2).

The pyrite’ skarns contain’bornite, chalcopyrite and
tennantite occupying fractures within pyrite grains and

pressure shadows ost pyrite boundaries. Traces of low-
iron sphalerite and galena have also been observed: Pet-
fographit-work has vevealed small graing of hative gold
in association with chalcopyrite (Magon 1997 vnpub-
lished):

Mineralisation in the garnet and magnetite skarns oc-
cursinsmall veinlets filled with chalcopyrite; pyrite; chlo-
rite, iagnetite, hematite and carbonate. Chalcopyrite is
the doinant primary coppet species; but bornite is usu-
ally present in trace amounts. The mode of gold occur-
rence is-inknown, but good correlations between gold
and copper grades suggestan association with chalcopy-
rite.

Quartz-hematite skarns on AFL contacts contain’ up to
10 g/t Aw,but the primary mineralization modeis unknown
since only oxidised examples are known. Veinlets of mas-
sive chalcopyrite have been observed inthe chlorite-quartz-
hématite skarns adjacent fo miassive'garet skarns.

Fotir significant vein sets have been identified at Phu
Khamis These sets have distinetive styles -and maintain
consistént crosscitting relationships.

The earliest veins are characterised by grey, granular
quartz infill: They are typically 3-10 mm-thick with par-
allel sides. Some of these veinis exhibit-a vague laminar
structute defined by trails of 'opaque inclisions ot mo-
lybdenite parallél to the walls. They occur throughout the
host sequerice; but are' most comron adjacent to FPG
dykes. These veins are typical of the early “A” type veins
observed in many porphyry stockwork systéms. They have
been observed cutting the dominant foliation and
undeformed FPC dykes. Consequently, these veins must
kave formed after the first deformation event. However,
miany veins in this set ate folded or boudinaged by alater
event, These veins contain the majority of the stockwork
style CulAu mineralisation at Phu:Kham; but the
mineralisation 1§ invariably an overprintitig evest. Chal-
copytite; bornite, tennantite and pyrite occur in highly
irregular fracture rietworks throughout the vein quartz.
Deforimed veins appear most susceptible to this style of
mineralisation. The mineralised fractures rarely extend
outside the veins; In' detail, the copper minerals consis-
tently overprint pyrite-as fracture fillings or partial re-
placements (Ashiley 2004 unpublished):

Chalcopyrite and bornite are the most commor pri-
fmary copper §pecies. Ratios range from heavily chalcopy-
tite dominant to heavily bornite dominant. Bornite-rich
zones appear to have higher gold grades. Petrographic
work suggests-gold occurs as small native grains with
chialcopyrite in fractures cutting pyrite-grains (Townend
2004 unpublished). '

Veihs in the second set are filled with miassive pyrite.
They are typically 1-10 mm’ thick with parallel sides.
Quartz pressure shadows between pyrite grains are present
in titost of these veins. They contain only traces of chal-
copyrité-and bornite.
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The third vein event:prodiced irregular pods of white
buck quartz with-interstitial patches of carbonate; chlo-
rite and minor coarse chalcopyrite. Traces of bornite have
also been observed. These veing do not appear folded or
boudinaged. The veins occur throughout the deposit. They
extend into the redbeds; butchlorite infill becomes niote
aburdarnt and copper minerals become much less com:
mon. This suggests that the later parts of the hydrother-
mal system affected the redbeds; but they were an
unfavourable host for milneralisation.

A finial phase of quartz fibre veins with:mirnor chlorite
and carbonate infill cats all other vein types. These veins
are thought to represent the last deformation event that
produced fibrous pressure shadows on sulphide grains.
Despite similarities to the mineralised pressure shadows
in some sulphide skarns, these veins are generally
unmineralised.

Above the water fable, ‘copper s leached from-both
skars and stockwork mineralisation. Gold rémains in the
oxide zones: Gossans aftersulphide, magnetite and gar-
netgkarns formthe oxide gold resource thatis currently
under development. Stockworks generally have insuffi-
cient primary gold grades 1o produce economic oxide
ore.

Below the water table there is.a zotie of supefgene
weathering, Copper leached from the oxide zone is
reprecipitated in this zone as coatings of covellite, digenite
and chalcocite on pyrite and primary copper sulphide

grains; The greatest enrichment occurs where sulphide
skarns cross the oxide/supergene boundary. In these ar-
eas; copper grades up {0 10% have been encountered. Gold
grades do'not appéar to be significantly enriched in the
supergerie zone.
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