
.. ................... o..j..fi. 3 8.6 

DUCK PONl 
Newfoundla! 
I 

3 DEPOS17; z 
IXTRODUCXTO!. 

In  may of 1987 the Tally Pond Joint Venture. after eight 
years of mineral exploration in the Central Mobile Belt of 
licwfoundland. intersected 55 metres of massive sulphidcs 
containing cconomic ,pdcs of copper. lead, zinc, gold and 
silvcr. 

Located in Atlantic Canada, Newfoundland has ex- 
perienced a long history of mineral development dating from 
the late 1700s. Thc Duck Pond base metal deposit. situated 
almost in the island's geographic centre 35 kilomerrcr south- 
west of t h e  Buehans mining  camp,  represents  t h e  
continuation of this tradition of developing rich mineral 
reS0"Kes. 

REGIOSAL GEOLOGY 
Geologically, Newbundland can be divided into four tcc- 

tonostratigraphic zones: the Humber and Avalon zones, 
which represent ancient continental margins; the transitional 
Gander Zone; and the Dunnage- Zone, comprised of thick 
successions of island arc and ophialitc stratigraphy records 
the history of thc formation and the destruction of the ocean 
lapetus. This Central Mobile Belt is the focus of mineral 
development and exploration activity in Newfoundland. 

Central to the Dunnage Zone is the Victoria Lake Group 
and its components, the Tulk's Hill and Tally Pond volcanic 

belts. Collectively they represent a thick island arc sequence 
of wlcania, wlcanidastics and cpiclastic rocks ranging from 
Late Cambrian to Middlc Ordovician in age. 

DISCOVERY 
Thc discovery of the Duck Pond deposit can be traced to 

1971 when the earlier Noranda/Nalco joint venture dis- 
eovercd thc 15-million tonne Point Lcamington massive 
pyrite deposit. 

TltcTally Pond volcanic belt is currentlyexplored under the 
tcrmsofa60/40joinrvcnrure between theoperator. Noranda 
Exploration Company, Limitcdand its partner, BP Resources 
Canada Limited. 

Exploration work carried out over the southern extensions 
of volcanic stratigraphy defined the Tally Pond volcanic belt: 
soil and silt geochemistry highlighted its mineral potential. 
Noranda carried out efiensivc exploration in the belt and 
discovered the first base metal sulphide occurrence at Burnt 
Pond in 1974. During the period 1974 to 1979 pmrpectors 
working far Noranda discovered mineralized outcrop and 
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numemus massive svlphidc boulders which arraycd up to 10 
percent copperand 15 perecntiine.Airbomegeophysinand 
diamond drilling were also completed. 
In 1979 the Tally Pond joint venture between Noranda and 

Abitibi-Price was formed. Abitibi-Price held leased ground 
covering areas of the Tally Pond belt (BP Canada purchased 
Abitibi's mineral rights in 1%). Shonly thereafter. in 1981. 
lhc Boundary deposit was discovered. 

By 1983 drilling outlined three discrete massive sulphide 
lenses containingalmost 5WwO tomes of 35% copper. 4.0% 
zinc and 1.0 ounce per metric tonne of silver. This discovery 
led to exploration in the immediate vicinity of the Boundary 
deposit for funhcr massive rulphidc lenses. The exploration 
was focused by an understanding of local stratigraphy and a 
comparison with established models far other massive SYI- 
phidc deposits. 

Previous work. including geophysics and geochemistry, was 
compiled a t  large scale. Three diamond drill holes(1976) near 
Duck Pond were =logged. The hydrothermal alteration and 
lithogcochemical signature of the felsie wlcanic package. 
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identified in thc core from these drill holes, were recognized 
to be similar to that of the altered fclsic nrks near the 
Boundary deposit and of those documented in other cstab- 
lishcd base metal camps. 
The establirhmcnt of a coherent geological model which 

incorporated obsenrcd stratigraphyand hydrothermal altera- 
tion, along with anomalous geochemistry and geophysics, 
prompted a stratigraphic drill program near Duck Pond in 
late 1985. After an initial miss, the second drill hole inter- 
sected one metre of massive rulphides and confirmed the 
h w t h c s i s  of a sulphide mincralizcd systcm. Thc next three 
drill holes intersected up to 12 metrcs of massive sulphides 
which proved to be b a m n  of base metals. 

Inmid-1986thcsixthdrill holecontained the firstsignificant 
base metal intersection since the discovery of the Boundary 
deposit. A 12-mctrc section (Hole 85) assayed 2.6% capper, 
4.0% Icad, 5.6% dnc, 26 g/t silver and 0.7 g/t gold. However, 
the next five deep drill holes intcnected only massive pyite.  
In May 1987, aftcr completing a s t m ~ t u r a l  reinterpretation, 
Hole95corcd55 metresofmassivesulphidcatadepthof290 
metres.This holcwaslocated between two drill holes less 100 
met= apart which contained barren sulphides. Hole 95 
included a 20-metre section containing 13.6% combined base 
metalswith significant precious metals. 

Current reselves at Duck Pond are over 10 million tonncs. 
This includes geological m c m s  of 4.4 million tomes con- 
taining 358% copper, 1.11% Icad. 6.83% zinc, 70 g/t silver 
and 1.02 gjt  gold. 

G E O U X Y  
Thc Duck Pond area is underlain by twn structurally dis- 

tincl. bimodal wlcanic units. 
Thc upper unit, witich is unmincralircd and largely un- 

deformed. consists ofa northeart-dipping succcssion of mafic 
flm overlain by fclsic tlm and tuffs. A thin horizon of 
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miety  of working gcologists rvhu am tntcrcstcd in using 
computers for geolop. Smcc that time we have grnum to 
1500 mcmbcn uorldwidc. includinpabaut 2W mcmbcn m 
Gnsda .  lhc geologic3l specidtics of our mcmbcrr am 
about3S(lopetmleum mlztcd. 30$ groLndaatcrand hazard- 
ous waste mlated. 2U?i  in mining and minerals erplorarion 
and the balance m a  uidc Mnety of a thcrgcolopnl  fields, I . . .  . .  inciuoingmcmoen in aaacmic  an0 gwernmcnrsumyposi- 
tions. COGS is unique in that wc caq information of 
inleICst to all geological specialties. not just toone dkcipline. 

Our purpose is to act as a clearing house of information 
on the use of compputers in geologv. Our cmpharis is on 
practical problem solving for situations routinely cn- 
coun te red  by geologists.  Most  discussion i s  on 
microcomputer applications. with MS-DOS and .Macintosh 
implementations being most often covered. Members 
receive a monthly newsletter. COGSlettcr, and we also 
publish a technical journal (COGS Computer Contribu- 
tions). We publish anicles on current hardware, general 
purpose programs used for geological purposes (c.g. drawing 
programs, spreadsheets), geological databases. and on 
sofhvare specialized for geological problems. The latter 
include groundwater modeling. petrolcum exploration data 
handling, shuchlral geology. gravity& magnetics, etc., etc. 

COGS distributes public domain software for a wide 
variety of geological purposes, including a mapping and 
contouring program, decline curves for oil wells, geortatirti- 
cal programs and many ofhen. 
‘ We hare a bulletin board, which includes message areas 
and geological software from a variety of sources. Recently 
weentered intoa ewperativcagreementwith thekc ic tyof  
Mining Engineers to operate the bullctin board. and this 
should lead to  a big increase in mining-related soitware and 
discussions on  that board. You arc not required to bc a 
member of COGS or S M E  to we the board but we do 
encouragc you to join 
740-9493. 

conipulars for geological purposes. In 1989, we ham spon- 
sored “Micrommputen inMining: a Hands-on Counc” and 
‘Spreadsheets: The Gcologist’s All-Purpase Tool”. This 
autumn we plan to hold a COYIIC in  Denver on th 
MODFLOW groundwater modeling program 

Allofthcseactivitiesare basedoncontribufi 
programs, or timcand interestbyourmembe 
an experience or a program that you think might be of 
interest to other gco1o~sts but you are not quite sure how 
to get the word out, please think of COGS 
‘member-supported” professional sacicty. 

From time to time, COGS 

You may contact COGS at (303) 751-8553 or a t  the follow- 
ing ninibng address: 
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graphitic sediment m a r k  a hiatus between these volcanic 
units. These lithologies arc cut by a shallow dipping gabbro 
dike which intruded along a minor reverse fault. The base of 
the upper unit is highly deformed and is characterkid by 
structural intercalations of mafin and idsin, felsic dikes. and 
a deformation-related carbonatiration/silicification over- 

The stratigraphy of the mineralized lower unit comprises a 
southeast-dipping. felric wleanic pile which is encompassed 
in a northwest directed thrust zone. As a result, little more 
than the most general stratigraphy is preserved. The massive 
rulnhide hori,nn underlies within S D m e t r r s ~  B rafarllsficall~ 

print. 
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dcfamcd. upper-graphitic marker scdimcnt which may in 
part be structurally emplaccd. North of thc main sulphide 
cccumncc the sediments and sulphides are less deformed 
and p r e r e m  original stratigraphic relationships. 

Distal footwall alteration consists of silicification and 
scricitization replaced by loeally intense. sulphidc-bearing, 
chlorite veining closer to the deposit. Unique, late-stage 
chaotic calcite veins halo the massive sulphides and the host 
rhyolite Contains 5 to 40 per cent stringer pymlc with minor 
bare metals. 

Low angle thrusting has, locally, either completely 
separated the orebody from its underlying feeder zone or 
overthrust the feeder zone on the massive sulphide horizon. 

SULPHIDE DEPOSIT 
The orebody averagcs 20 metres in thickness and enends 

ovcranarca5WmetresbylWmetres.The marsivcsulphides 
consist of barren. medium grained pyite as a groundmass to 
numerouszones of highlydefomcd and interlaminared, fine 
grained pwte. chalcopjnte, sphalerite and galena. 

The Duck Pond deposit appean to have vndcformed 
western and northern margins containing ore grade massive 
subhides which m d e  laterally into barren. massive Dvrite. 

c ‘IYd 
OQ 

- ., 
stringer mineralization and finally into a chaotic, calcite 
veined zone. To the north, well presctved bedded sulphides 
and polylithic sulphide mnglameratesattcst to t h c m  
nature of the deposit. 

The ore-grade core is highlydeformed and recqstallired on 
the eastern and southern margins and it is tmncatcd bywest 
and south-dircctcd thrusting respectiwely. Thc west-dirccted 
thrusting probably brought the detached, Castcrn portion of 
the deposit to higher levels where subsequent erosion may 
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da and BP Canada are strongly committed to envlronmcntal 
protection and have initiated base line research, to evaluate 
thecnvironmcntal impact of minedcvelopmcnt, a s p a n o f t h e  
Project Registration Process in Newfoundland. 
The Duck Pond discoveryreprcrents a 10-ycarcommitmcnt 

by Noranda and BP Canada to funhercxploration and mine 
dcvclopment. It illustratcs the positive results of dedication 
and persistence to a favourable geological environment. 

.._ Dan Maclnnis 
Colin MacKemie 

G e n y  Squires 

CU-AU PORPHYRY WORKSHOP 
April 5, 1989, Vancouver 

'Ex following an ides  arc the second installment of articles 
presented at the Cu-Au Porphyry worhhop in Vancouver. 
Please refer to Thc Gangue No. 28 for the fin1 three articles. 

lron Mask Batholith 
& Associated Fe-Cu-Au Deposits 

I I 

The h e r  Jurassic lron Mask Batholith is a composite 
alkaline intrusion locatcd at the nonh end of the Nicola 
Volcanic Belt immcdiatelywcst ofKamlwps  in south*cntral 
British Columbia. The batholith consists of lwo major bodies: 
the larger l ron Mask pluton to thc southeast and the smaller 
Cherr?, Crcok pluton to the northwest. 

Encnsive Cu-Au porphyry deposits of the alkalic elass are 
hmtcd by later phases of the batholith, and include Afton 
(24.4 Mt @ 0.9170 Cu and 0.020 az/t A"), Ajar (27Mt @ 
0.46% Cu and 0.01 oz/t A"), Big Onion (3.6Mt @ 0.7170 Cu 
and 0.012 oJt A"), Pothook (2.6Mt @ 0.3570 Cu and 0.021 
oz/t A"). and Crescent (1.3Mt @ 0.4670 Cu and 0.006 o r l t  

Enenrive zones of pervasive or vein controlled sodium 
Silicate (albite), patarsiurn silicatc (potassium fcldspar), 
propylitic (chlorite. epidote. carbonatc and pyrite) and car- 
bonate allcration (ankerite) a r e  associated with these 

A"). 

[RON MASK Cu-Au DEPOSITS - 
Name Reserve (Production) Cu AU 

M short tons 9c opt 

Afton Pit 24.4 (1977-87 0.91 0.020 
U.G. 10.5 1.50 0.030 

Pothook 2.60 (1987-88 0.35 0.021 

I Crescent 1.36 0.46 0.006 

Big Onion Vollo - 2.64 0.84 0.012 
Afton - 3.6 0.71 0.012 

D.M 2.96 0.38 0.007 

A] ax 27 
Iron Mask 0.182 (1904-28 1.3 7 
Br Erin 

d c pos i t r . 
?he Iron Mask Ptvton consists of four  major intrusive 

phases, the Iron Mask Hybrid. Pothwlq Sugarloaf and Cher- 
~y Creek units, which range in composition from mafic 
agmatitc and c o a x  grained gabbro to microsyenite por- 
phyry. Field relationships, and major element gcochcmistry 
indicate that all four phases resulted from fractional crystal- 
lation of an original gabbroic magma undcrconditions of high 
oxidation and continuous cqstalllzation of magnetite. K-At 
age dates of all four phases range from 194 t o  ZW6 Ma, 
supponing these interpretations., 

Emplacement of the Iron Mask and Chcny Creek plutons 
mas controllcd bya major nonhwcrt trcndingfault system and 
the plutonranre cmplaccd at an cpkonal to subvolcanic level 
in an active stmctural zone. The batholith is cssentiallycoeval 
with. and is considered to be cc-magmatiewith, Nicola Group 
volcanic rocks. 

Emplaccment of the younger phases of thc batholith. par- 
ticularly the Sugarloaf unit and the  more fclsic and 
porphyritic phases of the Chcrry Crcck unit, was dominated 
by existing nonhwesrerlytrcndingstructurcs. and these units 
arc confined to the faulted edges of the Iron ,Mask pluton Or 
along major eross-cutting faults. 

Copper-gold mineralization is widespread throughout the 
batholith and cloalyasrociatedwith thc Sugarloafand Cher- 
ry Crcck units. Bodies of C h e w  Crcck micmmomonite and 
microsyenitc explosion breccia arc particularly g w d  hosts for 
mineralization. Field rclationships indicate that copper-gold 
mineralization was deposited by structurally controlled 
hydrothermal systems that developed during the final srages 
of cqstallization of Iron Mask magma. K-Ar age dates of 
hydrothermal biotite coincidewith ages fromprimary biotite. 
supporting this intcrprcratian. Magnetite lodes hosted by the 
Chcny Crcek unit are titanifemus and apatite rich. and are 
considered t o  be immiscible segregations from the differen- 
tiating alkalic magma. 

Note: Material prescnted in this paper is based on studies 
by the author, KE. Nonhcotc and Y.T.J. Kwong. and an  
contributions by W.R. Bergcy of Teck Corporation, L. Bond 
of Afton Operating Corporation, M. Osatenko of Cominco 
Ltd. and N. Vollo. Consulting Gcologirts. 

... V A .  Prclo 

Porphyry Cu-Mo-Au 
lsland Copper Deposif 
Vancouver Island, B.C. 

The Island Copper deposit, operated by BHP-Utah Mines 
Ltd. on northern Vancouver Island, is an island a r c - t F  
porphyry Cu-Mo-Au deposit that resulted from the intrusion 
of a 180Ma rhyodacite dike-like body into comagmatic 
basalts. andcsites and pyrmlastin of the midJurassic Bonan- 
2a wlcanics. Initial estimated ore resewer were 283 million 
tons of ore at 052% Cu and 0.017% M a  Tnhc gcology of the 
deposit has been substantially clarified in rrccnt yean. Rc- 
search studies (0. Arcancibia, Ph.D. thesis in prep.), as well 
as pit and surface mapping and mrc log ing  by company 
geologists, form the basis for the advancer presented herein. 

C u m n t  geological knowlcdgc suggests that the porphyry 
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system evolved from a n  early, probably juvenile fluid- 
dominated stage to one strongly influenced by meteoric 
waters, as the main heat SOYKC moled and further intrusion 
and brccciation tmk place. At least thrce main stages of 
alteration-mincralization have been differentiated. 

1) Ah' EARlY STAGE, related to the main intrusion of 
rhyodacitc porphyry, involved thc devclopmcnt of outaardly 
progsssing zones: 

' a) a stockwork core of quam-ma~ctitc-amphibale- 
Na plagioclasc; 
b) a biotite-magnetite zone with chalcopyrite, f i t c  
and molybdenite; 
c) a chlorite zone with pyrite and minor chal- 
copynre; 
' d) an outermost epidote zone. All are dewloped in 
Bonanza Volcanic mks except the quam-am- 
phibole-magnetite cox,  which in addition formed 
along the margins of the rhyodacitc porphyry. The 
biotite alteration, along with the  main copper 
mineralization, partly overprinted the quam-map 
nctitc-amphibole core. 

2) A SIRU(JTCIRALWC0NTROLLED IhTERVEDL4TE 
STAGE, superimposed upon the earlier assemblages, was 
related to the emplacement of a quanr stochmoik and is 
characterized by rcricite, chlorite and kaolinite assemblages, 
with local concentrations of pyrite. molybdcnite and chal- 
copyritc. It is mainly dcvcloped in thc rhyodacite porphyq 
and immediate wallmks. Much of thc chloritc overprint 
currcntlyobsclvcd in the pit could h a w  been asswiarcd with 
this stage. 

3) A UTE S U G E ,  related to the emplacement of breccias 
under extreme base-leaching conditions. is characterized by 
pymphyllitc. kaolinitc, rericitc and dumonierite. Further low 
temperature a l te~a t ion  episodes included "yellow dog" 
ankeritc-calcite veining, widespread zeolite development. and 
the precipitation of remobillled carbon-bearing organic com- 
pounds. 

The  bulk of copper mineralization was introduced during 
the early stage, to be followed by the main episode of molyb- 
denum. Almost all of the copper occurs in the form of 
chalcopyritc, predominantly hosted by bidtized Bonanza 
Voleanics. 

Gold output since production started in 1971 is about 880 
000 ounces with an annual rate of slightly higher than 50 009 
ounces. This renders Island Coppcr one of the largest gold 
prcduccrs in British Columbia. Average head-grade in the 
deposit is about 0.22 ppm Au, with large volumes assaying in 
excess of 0.4 ppm A". Only 50% of the gold is recovered in 
the copper concentrate. which averages 25% Cu and 8 ppm 
A". Studies on gold occurrcncc. goldsontoured values from 
blast-hole samples, and bulksampling tests indicate that gold 
was essentially associated with the early and intermediate 
stages of altcratian-mincralition, although it is not clear 
whether gold of the latter stage was introduced into the 
system at that time or remobilied from earlier mineraliza- 
tion. Gold has been observed in the native farm, as 
micron-sired inclusions in chalcopyrite, pyrite, molybdenite 
and silicates. 

Certain features, such as thc positive Cornlation between 
gold and copper, the overall association of gold with the 
potassic (biotite-rich) alteration zone, and the high Content 
of magnctitc in thc V t c m  ( + 8 %  mi.), are characteristic of 

app ~ c a  Ion LS on 

analysed semiquantitatively by 

most how? gold-nch porphyry copper deposits. 

Authors:J. Perello.1. Himes- BHP-Utah Internationallnc; 
0. Arancibia. P. Clark - Queen's UniyP. Burt, C. Clarke, C. 
Fleming & A. Reeves - BHP-Utah Mincs Ltd.; and, C. Leitch 
~ U.B.C. 

M7: MlLLlGAN 
Alkaline lnrrusive Au-Cu Deposit 1 
The Mt. Milligan MBX porphyry gold-copper deposit. 59 

miles northwest of Prince George, B.C., has a drill inferred 
inventory of 1W million tons. Grade ranges from 0.01 to 0.15 
orlt gold and 0.2% to 1.0% copper, 
The project is a joint Vcnture between Contincntal Gold 

Corp.(70%) and BP Resources Canada Limited (30%). The 
joint venture holdsa large contiguous blockof claimscovering 
42 square miles of the mineral belt, accessible by an 
allwathcr. h e a v d u t y  p v z l  logging road from MaeKemie, 
40 m i l s  to the east. 

In 1983 and 1984 BP acquired the propeny by staking and 
acquisition and identified a gold-copper soil geochemical 
anomalyapprodmatcly three square miles in extent. In 1985 
aftcr IP and mapctie svmys oycr thc geochemical anomaly, 
BP exposed gold minerali t ion in trenches an the Creek and 
E&cr Z0"CS. 

United Lincoln Resources Inc.. (a Continental Gold Corp. 
subsidiary) optioned the property from BP in 1986. Lincoln, 
having undertaken extensive trenching within the sail 
geochemical anomaly and additional magnetic surveys, com- 
menced diamond drilling on the Creek and Fskcr zones and 
diwavemd the MBX d e p i t  in 1987. 

Rcgionallythc pmperty l ierdthin the central volcanic core 
of the Upper Triassic-Lwr Jurassic TaWa Group. TaWa 
mICaniu are dominated by subaqueous alkalie pyroxene 
porphyritic andesitc and basalt flows and pymclastics a i th  
subordinate intcmlatcd tuffs and argillitcs. Intruding the 
ml~anic  s t r a t i p p h y  are c o m a p a t i c  alkaline syenite, mon- 
zonitcdiorite stocks. 
The MBX porphyry gold deposit is situated on the eastern 

side of a 3.W loat diameter porphyritic monzonite stock. 
Mineraliration is hmted by easterly dipping pyroxene p a -  
phyritic andcsite to latitc no=, p l a s t i c s ,  interbeddcd 
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trachyiic tuffs and a M to UO f w t  thick porphyritic mon- 
mnitc dike. Mineralization persists into the eastcm margin 
of the momonite stock but with decreasing p d e s .  
The multi-phase mamonitcstock is line to medium p i n e d  

with 20% plagioclase laths in an aphanitic potassium feldspar 
matrix. This is onc of three alkaline plutons on the property 
that form a north-northeast alignment, suggesting a StNC- 
turally controlled emplacement. The porphyitic character of 
the intrusive units and the number of dikes is indicativc of a 
hypabpal  subvolcanic environment 

Potassium silicate and propyiitic alteration assemblages 
have farmed outaardly from the stock for 1wO and 8wO feet 
rcspectivcly. An early, fine giaincd fcltcd hydrothermal 
biotite superimpxed on the volcanics is over printed by 
p e m i v c  f l y  potassium feldspar. Biotite comprises 10 to 35 
percent of thevolcanic unitrand potassium feldspar up to50 
per cent. while pyroxene is typically replaccd by actinolite 
within the potassic zone. In fine p i n e d  laminated tuffs 
massive potassium feldspar replacement is common. The 
potassium silicates overprint the cnclosing propylitic as- 
semblage which is principally comprised of epidote, 
carbonate and pyrite. Veinlets of magnetite d t h  minor chal- 
copyrite post date the main period of sulphide precipitation 
and are restricted to the potassic zone. Weak but pervasive 
sericite partially replaces plagioclascphcnocr)sts in the man- 
zonitcstockand in thcporphyriticmomonitcdikcwithin t he  
zone of potassic alteration. Throughout the MBX deposit, 
alteration is typically pervasive and veining is infrequent. 

Disseminated p i n s  and coalescing grain agacgates of 
chalcopyite and pyrite comprise approximately 69% of the 
total sulphide content. Fracture controlled pyritc-chal- 
copyrite mixed veinlCts a n  less abundant. Chalcopyrite and 
pyrite-bearing K-feldspar-earbonate veinlets are relatively 
rarc. Quamvcining is noticeablyabsent. The distribution of 
sulphidcs is zoned but not uniformly. At the north end of the 
MBX deposit pyritc and chalcopyrite occur in equal can- 
ccntrations. Bomitc, though prcscnt, is a minor constituent. 
Within thcwtcca t ra lpor t ionof  1hedepositthepyritc:chal- 
copyrite ratio is approximately 31. Along the cast and 
southeastern margin of the deposit the pyrite content in- 
cItases to 5 to lo%, and the pyrite:chaleapyrite ratio is 
approximately 201. 

Metal roningclcselyparallek that of the sulphidcswith gold 
concentrations increasing d t h  the pyri1c:chalcopyrite ratio. 
This rclativc gold enrichment, coincides with the transition 
from potassium silicate to thc propylitic alteration as- 
wmblagc. 

Both chalcopyrite and pyrite a n  auriferous and occur as 
separate grains. IntergoMl sulphidcs arc rare, an important 
positive metallurgical feature. Gold mcxiated with pyi te  
occurs as small particles on p i n  margins. 

At the West Breccia zone, situated on the western flank of 
the monzonitc stock, an in twive  breccia, comprised mostly 
of momonite and a few scattered volcanic clastics, is enclosed 
by a broad mnc of brccciated and fractured momonite. 
Within the intrusive breccia pink secondaty potassium 
feldspar is pervasive, however, moving outward from the 
breccia, the patassium feldspar is fracture mntrollcd. Both 
chalcopyrite and @te m u r  as fracture fillings and as dis- 
m t c  line grains partially replacing altered mafic minerals. 
Chal-te predominates m r  pyrite and gold mncentra- 
t i o ~  a m  low. 

....... .... ..:.. .:.: 

6 THE GANGUE, No. 29 



T h e  Creek. Erker  and 79 zones a r e  located within 
propylitircd hornblende-pyroxene porphyritic andcsitcs ap 
proximately 1000 fect southwest and  I500 feet west, 
respectively of the MBX porphyry deposit. These zones are 
northeast striking, steeply northwest-dipping, tabular bodies 
of auriferous scmimassivc to massive sulphides occupying 
fracture systems radial to the manzonite stock. Each of thc 
deposits comprises three to fm subparallcl, sulphide-rich 
bodiw, spaced ac~oss 200 to Mo feet. Individual StNCtUICS 

rangc from 1 to 10 feet in thickness and grade from 0.10 to 
2.89 orltan gold and 0.2 to 10% copper. Each zone is open 
along strike and d o m  dip. The propylitically altered an- 
desites between the individual sulphide bodies carry30 to 350 
ppb gold and 200 to 2500 ppm copper. Silver, anenic and 
antimony arc present at background concentrations. 

Pronounced metal zonation is related to the proximity to 
the monzonite stock.The MBX porphyrydeposit adjacent to 
the stock, contains less than 10 ppm combined ancnic and 
antimony. At the Crcck. Eskcr and 79 zones. combined 
concentrations increase to 3W ppm and to 2000 ppm respec- 
tively. Silver shows a similar relationshipwith conccntiations 
ranging from 15 ppm in the MBX zone, to 10 to 40 ppm in 
the Creekzone, and 64 to ?W ppm in the Esker zone. 

Mark Rcbagliati. P.Eng.. who conccivcd the originai cx- 
ploration program a n d  Dave Copeland, P.Eng.. arc 
Vancouver-based consulting geological engineen who have 
directed and managed this project to its current stage. 

[Ed. Note: Recmr n m s  releases from Conririenrol Gold 
Cop .  indicore the MI. Milligon Cu-Au deporir is n massive, 
blanket-xkoped deposit 4,3Wfpe1 long, up 10 3,lWfeelwideond 
up to SW feel thick. Over I50,wO feel of ddling has been 
corripleled in 2Wkoles. Resmes arereponed 10 be m I/= 15010 
2W nriilian ton range, Fading 0.3% copper and 0.02 o;/lon 
gold]. 

STEWART - ISKUK BELT 
Northwestern B.C. 

K-Feldspar Canneetior Relationship of K-Feldspar In- 
trusions to Cu Porphyries and Au Veins, Stewart-lsbt Belt 

H p a b r a a l  copper-gold porphyries and mesothermal to 
cpithemalgold-silvcrveinsin thcStewart-lskut gold bclt are 
related to Early Ju-ie intrusive mks which are either 
alkaline or calc-alkaline in composition. In the Premier and 
Sulphurets areas the intrusive rocks feed and cut a Lower 
Jurassic volcano-sedimentary sequence of the Hazclton 
Group. At the Snip, Skyline and Galore Creek depasits the 
intrusive mks cut Upper Triassic, Stuhini Group volcanic 
and sedimentary mks. Porphyry and vein-typc ore deposits 
are linked by: 

1) their spatial and inferred temporal association with 
intrusive mks, in particular distinctive trvo-feldspar por- 
phyryuith K-feldspar mcgamyts (Prcmicrporphyryis awl1  
documented example) 

2) potassic alteration - pewasive xricite,  K-feldspar 
(adularia). and lcss commonly biotite 

3) a StNCtUra! control, interpreted to be syn-volcanic (er 

Premier and Galore Creek) 

-.. At Premier, hornblcndc-plagioclasc-K-feldsparquartz 
prophyritic dacitc dikes (Prcmierporphyry), derived from the 
Texas Creek grancdiorite batholith, are emplaccd along in- 
tersecting northeast and northwest structures. These appear 
to control volcanic stratigraphy and are interpreted to be 
synvolcanic faults. The  ore consists of quam-K-feldspar 
(adularia) veins. stockwork and breccia that fallow the same 
structures as Premier porphyry. Past production at premier 
is 4.7 Mt at 2.2 g/t Au and 80.3 g/t Ag. Minera l i t ion  dies 
out abruptly near mrlying m a m n  (oxidizcd) Strata, which 
suggests that  ore deposition resulted from mixing of 
hydrothermal fluid with meteoric watcr. Silver and gold are 
most abundant in the upper part of the deposit, abundance 
of base metals and mineral grain sirc increase a t  depth. The 
serieite alteration zone flares outward toward the tap of the 
deposit. Thesc arc classic features of an adularia-scricite 
epithemal deposit. Gold occurs primarily as electmm that 
has a close spatial association with tctrahedrite. 

Mineralization in the Sulphurets area is rantrolled hy hvo 
north4rending structures; the steep Bruccjack fault and the 
Sulphurets fault, whose shallowwrt dip results in a sinuous 
map pattern. Thesc, and secondary structures, control Early 
Jurassic dioritc. syenite and granitic intrusions and localize 
xricite-K-feldspar alteration. An alteration zone of this type 
hosts the West Zone deposit (O.Tl5 Mt at 12.1 g/t Au and 186 
g/t Ag) adjacent to the Bruccjack fault. Mineralization is an 
anastornosing network of vein stochwrks and breccia, intcr- 
nrctcd to bc a silicified shear zone. bounded bv intrusive 
K-feldspar porphyry. 

The Kern deposit (64 MI at 0.84% Cu, 0.34 eft Au and 2.05 -. 
g/t Ag) occun within sheared and sericite-altered volcmic 
rocks that are bounded b y s p l a p  of the Sulphurctr fault. A 
diorite body, K-feldspar porphyry dikes and high grade Au- 
Ag-Cu veins are all containcd within the north-trending 
SlNRUral zone. The Kerr porphyry dcposit contains p.yritel 
chalcopyrite, tcnnantitc, bornite and chalcocitc occurring as 
disseminations and disrupted quamveins.  

The Snip dcporit(Twin zone 1.43 Mi at 21.9 g/t Au) is a 
mineralized shear zone that trends 120 and dips modcratcly 
to thc Southwest (about 55). Discordant mineralization, that 
cuts massive feldspathic wackes, comprises pyrite, pyrrhotite, 
chalcopyrite, rphalerite, galena and arscnopyritc. The ore is 
both massive and strongly foliated, q u a m  is commonly brec- 
ciatcd with a crackle teXture. Mineralization is restricted to 
the shear zone and ContaRs with wallrock are sharp. Potassie 
alteration is represented by penasive biotite-flooding and 
irregular K-feldspar (adularia) replacement of the mallrock. 
The Johnny Mountain gold mine, 1 km southeast of Snip, 

is a srmcturally disrupted mesothermal gold-bearing quartz 
vcindcpmit. Cumntrrscmare0.622Mtat195g/tAuand 
0.75% Cu. Silicification and potassic alteration occur along a 
series Of northeast-trending StmRYreS in c l o y  proximity to 
an onhoclax porphyry. 

ThrGalare CrrekalkalicpolphmCu-Audeposit (12.5 Mt 
at1.06%Cu,0.40g/tAuandl.lg/tAg)compriscs 10 tabular 
to mantc-shaped deposits. Mineralization is hosted in vol- 
canics. breccia pipes and K-feldspar mcgacrystic sycnitc dikes 
and piup. The minera l i t ion  and s e ~ r a l  phases of syenite 
porphyries arc in part controlled by north and northeast 

7 THE GANGUE, No. 29 



.,.,........,...,. ,.,. ~ .................................................. ...,.... ..::. .:: .......................... .::::: 

structures. interpreted to be synvolcanic. the deposits are 
characterized by sb-arn-type. melasomatic or late magmatic 
alteration products (epidotc, garnet, diopsidc and magnetite) 
along with p e w a s k  K-feldspar and biotite alteration, an- 
hydrite and gypsum. Ore minerals Consist of pyrite. 
chalcopyrite, magnctitc, bornitc and minor sphaleritc and 
galena. 

Parphm and mesothermal mineralization could be incor- 
porated into the Premier ore depositional model. 'Ihismuld 
suE-1 synchronous mineralhtion and dcpth/tempcraturc 
dependency in a single stage process. T h i s  is probably tw 
simplistic. Intrusive, structural and mineralhatian hirtorics 
arc beam to be multi-stage and the ore fluids probablyrange 
from magmatic to mixed juvenilc/mcteoric. More work needs 
to be donc to a m r  questions concerning 
1) age, displacement, history of ore controlling fluids 
2) relative and absolute ages of mincralkation types 
3) composition of fluids 

The authors acknowledge informative discussions with: R 
Brittcn (Esso ,Minerals): F. Heaitt (Northair Group); B. 
Hewton and B. Buttelworth (Sulphurets Gold Corporation): 
R Nichols, I. Patcnon and B. Wolfe (Cominca Ltd.) 

..Derek A. Brow 
Paul Wojdak 

FUTURE MEETINGS, WORKSHOPS & 
FIELDTRIPS 1 

OCTOBER 1989 

14 - 19th STRATIGRAPHY AND MIXALLOGEhY OF 
THE SICKER GROUP, VASCOLNER ISLYD. Workshop 
and ficldl"ps, Nanaimo, B.C. Details: H. Paul Wiltonor Nick 
Massey, c/o B.C. Gealodcal Survey Branch, 220-756 Fort 
Strcct. Victoria, B.C., Canada, V8W 3.43. Telephone (601) 
3562818. 

NOVEMBER 1989 

5 - 8th WORLD GOLD '89, Reno, Nevada. Details: Meet- 
ings Dept. SME. Box 625002, Littleton, Colorado, USA 
80162. Tcl. (M3) 973-9550. 

20 - 21th MODERN EXPLORATION TECHNIQUES. 
Conference sponsored by the Saskatchewan Geological 
Society. c/o Robert Troycr, SGS Symposium '89, P.O. Box 
234, Regina, Saskatchewan, S4P 226. Tel: (M6) 787-2562, 

DECEMBER 1989 

35th ORE MICROSCOPY AND FLUID INCLUSION 
ANALYSIS SHORT COURSE, Pullman Washington. 
Registration Fee 5375 US. Contact: Dr. Lawrence D. 
Mcincn, On Microscopy ShoR Counc, Washington State 
University, Pullman, WA 591642812. 

6 - 8th NOKI"EST MINING ASSOClATION 1989 AN- 
NUAL MEETING, Spokane Washington. One of the 

a 

highpoints of the mining year! DctaikNWhW, 414 Peyton 
Bldg.. Spokane WA 99201, Tel. (509) 624-1158. 

FEBRUAW 1990 

6.9th CORDILLERAN ROUNDUP. This is the premier 
exploration and mining show inwesternCanada Vancouver 
Hotel, Vancouver, B.C Dctails: Jack Pattenon, Manager, 
B.C. & Yukon Chamber of Mines, 840 W. Hastings St., 
Vancouver. Tcl: (634) 631-5328. 

MARCH 1990 

1 to 11th. MEXIChV SILVER DEPOSITS EXCURSION, 
1990. Sponsored by Saeicty of Economic Geologists (SEG) 
in conjunctiondthSME/AIMEAnnual Mectingin Salt Lake 
City, Utah, Fcb. 26 -Mar. 1,1990. Est. cost USS850. Limit 35 
participants. Resenations & Information contact: Kenneth F. 
Clark. Economic Geology Publishing Co., P.0. Box 637, 
University of Texas, El Paso, El Paso, Texas, 79968-0637, 
USA. Tel: (915) 533-1966. FAX: (915) 544-7416. 

9 - 10th CAME SYMPOSIUM - Computer treatment of 
Exploration and Mining Data ~ Do's and Don'ts. Fec 
CdnS125. Details: P&D Assoc. of Canada. Suite 1002, 74 
Victoria Street, Toronto, Om., M5C 2A5. Tcl: (416) 362-1969 
FAX (416) 352-0101. 

9 - 11th EXPLORATION GEOCHEMISTKi? Design and 
Interpretationof Soil Surveys Fee CdnS400. Metro Toronto 
Convention Centre. Sponsored by thc Association of Ex- 
ploration Geochemists and the Prospecton and Developers 
Associationof Canada. Contact PDACTcl:(416) 362-1969or 
FAX (416) 362-0101 

11 - 14th PROSPECTORS & DEVELOPERS ASSOCIA- 
TION Annual Convention. Theme:  Exploration & 
Development - Nw Realities. Royal York Hotel. Toronto. 
Om.. Canada. Contact PDAC Tel:(416) 362-1969 or FAX 
(416) 362-0101. 

APRIL 1990 

1 - 5th GEOLOGY .AYD ORE DEPOSITS OF THE 
GREiT BASIN, symposium and field trips, Sparks. Nevada. 
Details: Geol. Soe. Nevada, Box 12021. Rcno. W., USA 
89510, Tcl. (702) 786-0870. 

MAY 1990 

May 14 -I5 FLUIDS IS TECTONICALLY ACTIVE 
REGIMES OF THE CONTINENTAL CRUST. Hotcl Van- 
couver, Vancouver, B.C., Pxceding 1990Annual GAC/MAC 
Convention. Tcntativc fccs S250 (SlSO for students). Con- 
tact: Dr. B.E. Nesbitt, Dcpt. of Geology, Univ. of Alberta, 
Edmonton, T6G 2W. Tcl: (403) 492-5071, FAX (403) 492- 
2030.1s 

May 23 ~June  1 CIMM Sympmium on the WWETAL- 
LIC BELT O F  NORTHWESTERN QUEBEC, 
Rouyn-Noranda. Details: Maurice Rive, Minirtrc de 1'- 
Energie ct  des Rerourccs. 19 rue Pcrreault Oucst, 
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Rouyn-Noranda, Quebec, J9X 6N5, Tel. (819) 762-1748. 

JUNE 1990 

10 - 13th, BASE METALS I N  NEW BRUNSWICK 
Bathunt - Newcastle camp: field trips in northern NB; teeh- 
nical sessions Fredericton. Cantact: Diane Blair, N.B. Dept. 
of Natural Resources and Enerw. Geolaxical Svrvevs 
Branch, P.O. Box 6000, Frcderictan. N.<, E3B 5H l .  
Telephone (5W) 453-2206; FAX (506) 453-3671. 

24 - 29th GEOINFO N 4th International conference on 
Geosciencc Information. Dctails: c/o David Reade, Geolnfo 
IV Secrctariat, 601 Booth Street, Ottawa, KIA OE8. 
Telephone (613) 992-9550; FAX (613) 996-9990. 

Jl.W 1990 

29 - Aug 3 CIRCLM-P.\CIRC ESERGY & \IISER%L 
RESOURCES COSFERESCE. Honulvlu.  D c t a . 1 ~ .  \1. 
Stcwart. Circum-Pacific Council an Energy iMineral 
Rerourccs, 5100 Westhermer Road, Houston. Texas, USA 
no56. 

AUGUST 1990 

12 - 18th 8th International Association on thc GENESIS 
OF ORE DEPOSITS (IAGOD) SYMPOS1U.M will hold a 
conlcrcnce on Mineral Deposit Modelling. Carloton Univever- 
sity. Ottawa. c/o LM. Cumming, Geolo@al Survey of 
Canada, 601 Bmth  Street, Ottawa. Onr. Canada. K I A  OE8. 

I TURBIDITE-HOSTED GOLD 

Potential in the t a l e  Protemzaic of the northern Cariboos 

Thc northern Cariboo Mountains of eastern B.C. are un- 
derlain by a thick Succession of Later Proterozoic 
metasedimentary mks that include over 7 km of siliciclastic 
twbidites. Many of the features of this region (dcformarion. 
metamorphism. lithology, etc.) eompare favourably with fca- 
~YICS associated with deposits of bedding-concordant 
ga ldguam wins hosted in Paleozoic turbidites of NOM 
Scotia, which have produced nearly 1 million ounces of gold 
Since 1861. T h i s  report briefly compares the geology of 
auriferous NOM Scotia turbidires with the relatively uncx- 
plored homologous strata of the northern Cariboos and 
identifies potential regions for gold exploration. 

Nova Scotia Examples 
The Meguma Tcrranc of N m  Scotia consists of Cambro- 

Ordovician deep-water clastics of the sandstone-rich 
Goldenville Formation and overlying slate-rich Halifax For- 
mation. The Mcgvma Tcrrane was accreted to North 
America during the Late Paleozoic Acadian Orogeny. Thc 
collision had a strong componcnt of right-lateral obliquity 
that imparted the doubly-plunging en cchclon fold style and 
slaty c l c a ~ g c  that typifies this terrane. Metamorphic grade 
ranger up to upper greenschist and the relationship between 

i s o p d s  and the regional structure suggests that metamor- 
phism was late syn to post-kinematic. The cntire t e m n e  has 
been intruded by peraluminous granitoid bodies that are 
largely post-metamorphic (and thus post-kinematic) al- 
though prc and syn-Eincmatic intrusions arc present. 

Auifcrous qua- veins occur as bedding concordant arrays 
limitcd cxclusivcly to the hinge zones of anficlincs. Q u a m  is 
thc predominant mineral in the veins along with trace 
amounts of carbonate (gencrally ankerite), white mica, 
chlorite, ancnopyritc, pyrite, sphalcrite, galena, chalcopyrite, 
pyrrhotite and spectacular hematite. The spatial distribution 
of the auriferous veins reflects the important influencc of 
several regional features on vein emplacement in addition to 
obvious s t ~ c t ~ r a l  control. These are the proximity to the 
Goldcnvillc-Halifax Formation boundary, the chlorite-biotite 
"isagrad"and, contactswithgranitoids. These fcaturesrcflect 
the strong control of mechanical anisotropy (laycring) in the 
sediments on the localkation ofveins in addition to  metamor- 
phic and hydrothermal(?) fluid fluxes. 

The Northern Cariboos 
In thcnorthcm CaribmMountains,LateProteroioicstrata 

consist of a thick (3 km+) sequence of turbiditic gri ts of the 
Kara Group overlain by 4 km of the slate-rich Isaac Forma- 
tion of the  Cariboo Group. These rocks form the !ow-,gade 
Carapace to the Omincca Belt and record the stru~tuial and 
metamorphic effects of Mesozoic collision. At thc latitude of 
McBridc (53h3, B.C. plate collision deformed these strata 
into upright eastucwng folds (Dl) and a superposed set of 
west-verging s t r n c t ~ r ~ s  (D2). 

The Kala Group consists of feldspathic grits with minor 
intcrbcdded pelite. The overlying Isaac Formation is a slate- 
rich unit with subordinate grit and limestone. F'yririe black 
shale is common, especially in thc Isaac Formation, and onc 
black shale unit in the Kaza Group is aswia ted  with a Cu 
anomaly. Two distinct phases of metamorphic mincral 
growth arc present: an early phase that was mntem- 
porancavswith D1 deformation and a youngerpost-tcrtonic 
@ost D2) phase. Metamorphic grade ranges from sub- 
peenschist to upper peenschist. 

Q u a m  veins are common throughout the region and arc 
dominatcd by simple mineralogy that includes quartz, 
ankcrite-siderite, white mica, chlorite and rare sulphidcs. 
Relationships between regional structural elements and veins 
indicates a range in the timing of vein emplaccmcnt. The 
rystems comprise bcdding concordant vcins, up to 1 metre 
thick, that are folded by D2 s tm~t~res ,  yet also mntain 
breccia fragments of foliated wall rock, apparentlyindicaring 
a syntcctonic origin to thc veins. In several major anticlinal 
closures close to the Kara/Isaac boundary, vein systems are 
associated with pervasive eat%onate (siderite) alteration of 
wall mli Assayed grab samples indicate low gold MIYCS (up 
to84ppb)inthcwall roekbutsignificantlythisisanorderof 
magnitudeabove background. In addition, Streams that drain 
these closurcs (Goat and Milk River) arc known to carry 
placer gold. Younger veins are generally tranmne to 
regional I~NC~UI-CS and are not mmia ted  with wallrock al- 
teration. 

Rognosis 
Syntcctonic wim in both Nwa  Scotia and the northern 

Cariboosarc infcmd to have been cmplaced during dilation 
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cinematic metaphor. Dawn's  postcard proposes casting 
myself as Chcvy Chase and himself (Dawson) as Paul New- 
man. 

"0 wad mme Pow? Ule gifd.? gie UT. 

To see ourselr ar othnr see us, 
It wodfrae mony a blunderfree UT 

And foolish notion" (Bums).) 

One of the Nmoured reasons for thc cancellation of the Ok 
Tedi visit is "tribal fighting". The Swiss gentleman grumbles. 

Sandyis trying tocompensatc forourdisappointmcnt about 
OkTedibyarrangingfora hclicoptertourofsomcof thcgold 
prospects which have blcsscd so many of thc speck  of land 
in the seas north of Papua New Guinea. Sandy is trying 
especially hard to let us see the Lihir Island's fabulous 
Ladolam gold deposit (Kcnnccott-Niugini Mini"% 167 mil- 
lion tonnes). Meanwhile, the tour organizers in Sydney have 
rcmutcd us through Brirhanc and tossed in parses to !&pa 
The Swiss gentleman doesn't want to see Expo. 

My mom-matc for the tow is haw-san, a professor of 
mining from Fuhuoka, Japan. 

Emperor mine, Vahlkoulq Fiji, 'May 4 
The Vatukoula joint venture (80% Emperor Mines, 20% 

Western Mining Corp.) i s  currently producing a little m r  
100,ooO ounces of gold per year from the Emperor mine. The 
joint ventwe's chief geologist, Peter Eaton, i s  a burly 
Australian with a black heard. It is easy to imagine him in the 
role of old-time prospector. Although he and his staff had 
prepared 3 fintwlass tour, they gently discouraged return 
visits. Apparcnlly. Empemr is a popular target of Australian 
mining anal)sts in winter. (I rcflcct that. if a Canadian cam- 
pany were to have a gold mine in Bermuda, it would bc thc 
most intensely analyzed mining operation on the Toronto 
Slock Exchange.) 

The Vatukoula, or Empemr mine has several unmsual fea- 
tures. Firstly, because the ore occurs in very n a m w  veins. 
'open cuts" (we'd call them "open pits") arc a more expensive 
source of ore than their underground operations. Secondly, 
the mine is in a hot spring area, and minc water temperatures 
range up to 40' C. (Understandably, thc miners sometimes 
find it difficult to complete a shift!) However, we didn't 
encounter thcsc conditions first-hand we had expected an 
underground tour, but it was not to be. 

(Note added later: apparently women arc not permitted 
underground in Fiji. Would we have gone underground if 
Kathleen Turner had not bccn with us?) 

Tom Setterfield, a Canadian geologist. intrcduccd us to the 
geology of the area and guided our tour. Surprise! Out here 
in the middle of the Pacific they had an orogeny. Between 12 
and 75 million years ago, the Colo Plutonic Suite was 
cmplaccd, deforming the existing arc mk. Between 55 and 
4 million years ago, six or more emcrgent. shoshonitic (i.c. 
potassic but ealc-alkaline) shield v ~ l c a n ~ e s  were built on a 
basement of Colo and prc-&lo rock. The largest of these 
volcanoes was the Tavua volcano, host to the Vatukoula gold 
deposit. Tawa wlcano was 40 km wide. over 2 km high, and 
has been tilted about 10' to the northwest. (Volcanologists in 
scarch of an attractive field project will be interested to know 
that most of Tavua has been mapped in only sketchy detail.) 
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The originrofneithcr theTavuavolcanonarof the Vatukoula 
deposit can bc clearly related to thc plate tectonic history of 
Fiji. 
The centre of the l l w a  volcano is occupicd by 3 ncsted 

calderas. Tom suggcrted that it may be better to think of the 
stmcmr.x as a wries of concentric, discontinuous, steeply 
inward-dipping ring fractures, rather than as discrete 
"calderas". In any event, the formation of these structures 
appears to have been quiet, with no catastrophic ash flaw 
eruptions. 

The Vatukovla deposit occurs at the intersection of a 
northwest-trending shcarsytem with the second-innermost 
of the ncsted calderas. Within thc mine, mmt mineralization 
occurs in steep, noah  to northwest-stri!&tg shear zones; and 
in law-anglc planar StrYctweS called 'flatmakes". The inter- 
sections of shear wnes - 'shattcr zones" - arc particularly 
favourable for mineralization. 
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Although most of the mine area i s  composed of volcanic 
mk, momonite intrusions are common. especially in shear 
zoncs. (Tom suggested that a major momonite body may 
underlie the mine.) 

Peter Eaton described the goldmincralization. .Mineralzed 
fractures display evidence of several episodcs of filling. The 
mineralization rvas deposited dose to the surface - vugs and 
nustiform textures are abundant - but sinten within the 
caldera are b a m n .  In decreasing order of importance, the 
gold occurs in tellurides, in pyi tc  and arscnopyrite, and as 
frcc gold, Aduluria (an indicator of boiling?) and the green 
nnadian  mica, roscoelite, are common indicators of high- 
gradc ore. 

Wall-rocks ad-  
jacmt tooregencral- 
ly consist of basalts 
which have been al- 
tercd to silica, pyrite, 
c a r b o n a t e .  

'Sure. the m d c u t  down the hill i s  of a similar looking rock 
but is it really part of the same unit? Doesn't the fact that it 
is difficult to correlate even between closely-spaced drill- 
holes suggest that these deposits are discontinuous?" Good 
questions- butdifficulttoan~r!Alltheroclts havesuffered 
intense altcration and/orMathering. (Even thc locals find it 
difficult to distinguish the products of thcsc two processes.) 
Furthcrmore, the fomt c m r  is dense (having been made 
cnn denser by a fast-pnvingvine with admirable properties 
of camouflage and allcgcdly introduced by the American 
military), 50 good exposures are rare. 

In the vicinity of the prospect, the Gold Ridge Volcanics 
generally havea I w r z o n e r i c h  inchlorite andcarbonateand 

an upper zone of 
silicification and ar- 

tend to occur in the 
transition between 

ser ic i tc / i l l i t c  a n d  the upperand lower 
zoncs. Most of the adularia. Mineraliza- 

tion involved the introduction of silica. COz. potash. sulphur. 
silver, gold and tellurium. The source of the mineralizing 
fluids may have been a potassic porphyry sptem which i s  
inferred to undedy thc centre of the caldera. 

Nadi, Fiji to Cuadalranal, Solomon Islands, Moy 5 
Up at 4:45 a.m. The Swiss gentleman gmmbled. echoing 

everyone's feelings. Our Air Pacific 131 climbed over a sea of 
budgie blue. Rings of coral glowed bone-white in the d a m .  

The >hour flight rook us to  Henderson Field on Guadal- 
canal. Solomon Islands Customs officials are remarkably 
diligent. They subjected us to a vc'y thorough search. with 
particular emphasis on Sydney Grcenrtrect's dirty laundry. 

The road to Cyprus Minerals' Gold Ridge prospect ran 
through farms littered with rusting ruins of World War I1 
landing craft and battalions of precisely arranged oil palm 
trees. The local teenagers, who whiued by on the back  of 
truclis, had a startling appearance. The height of fashion on 
Guadalcanal is to wash on& hair in chlorine bleach. (Some- 
times however, appearances can bc misleading: people from 
Lau Island. although black-skinned, have naturally blond 
hair.) 
The mad left the coastal plain and climbed a ridge of 

astonishing grade. We reached the prospect. 2000 feet abwe 
sea level, in mist and heavy rain. Cyprus had COnStNCted its 
a m p  in the  fashion ofa  Solomonlslandvillage: hutsonstilts, 
with woven walls and thatched mofs with high peak. The 
Gold Ridgcdcposit lieslilicablanketonthcsurfaceofastcep 
hill side. Local "alluvial miners' or "high-,gaden" had been 
panninggold frommreetspots.Thearcaswhich havesuffered 
from such high-gradingwere ugly red sores. During the rainy 
season just past, t h w  soreswept mud into thc jungle below. 

Rob Hartley, of Cyprus Minerals, outlined the geology of 
the prospcct. The hast rocks are the Gold Ridze Volcanics, 
of Pliocene age. Rob painted out that. in the Pliocene, 
Gvadalcanalwas beingtilted towardsthcnonheast(aproccss 
which continues today). Hc Viewed thc Gold Ridge Volcanics 
as a talus deposit laid down on the northern flank of a 
stratowleano. Although our group appearcd to accept this 
view, there was certainly some skepticism that this talus 
deposit was as extensive and continuous as Cyprus believed. 

galdappeantooccurin~tc,andasthcfrccgoldwhich has 
p-d so attractive to the alluvial miners. Fluid inclusion 
work implies that the mincralkation occurred at a depth of 2 
h. On a small scale. mineralization may follow favourable 
beds (especially of carbonaceous rock). On a deposit scale, 
however, the major structural controls are broad shear zones 
within which are localized veinlets of mineralization. 

At Gold Ridge,justasatthe EmpemTmine,anyconncction 
between the mineralization and plate tectonics remains enig- 
matic. 

To bring Gold Ridge into production, Cyprus would need 
toprove u p r c w ~ s o f a r o u n d 5  milliontanner.Alitelygrade 
would be 2-3 g/t. Although the ore would be clayey and 
difficult to handle, it is not metallvrgieallyrcfraetory. Prclimi- 
nary indications arc that treatment via carbon-in-pulp would 
give a recovery of about 93%. 

The Mendara Hotel in doamtam Honiara (with 30,000 
people. the capital and largest city of the Solomons) has an 
neat method of energy consemtion: the air conditioning 
work onlywhuhcn you inwn your mom key in the switch. The 
Mcndara also has a delightful coral sand beach. I waded 
bravely into the surf for a nocturnal snorkel. Once under 
water, 1 switched my flashlight on. To my horror, I saw that 
the seafloorwas covered with a pincushion of sea urchins. .My 
=turn from the sea was more dclicatc than my cnt'y. 

CuadelcanaI, Solomon Islands to Kirta, Bougainville Ir- 
land, P a p a  No* Guinea (IPNG?), May 6 

A few months ago, a couple of Aussics dug up some World 
War II g c n a d u  and bombs and t w k  them homc. They 
Mren'tcaught untilBrkbanc.'Ihis isundoubtcdlythcreason 
whythc Custo~o~cialssca~hcdoutgoingba~asrigorous-  
lyas the incomingones. 

Our  Solomon Islands Airways Twin Otter skirted 
Guadalcanal's mountainous coast and skimmed m r  sinuous 
blue ribbons of coral to Kicta, PNG, home of Bougainvillc 
Copper's immense Panguna mine. Bougainville'r Annual 
Report says that they mined 83 million tomes of ore and 
waste last p a r .  The mind boggles. 

Panguna mine, Bougainville Island, PNG, May 6 
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We d m e  into the misN hills behind the delightful coastal 
town of Kiera. Our tour guide. Gcrald Clark, met us at the 
Panguna mine office, briefed us, and showed us around. 
Gerald had carefully selected a series of stops within the pit, 
showing a surprising variety of diffcrent features. In the pit, 
unlike an underpound tour, it was possible to appreciate the 
Mimcnsional context of each part of the ore-body. 

The Panguna deposit was discmred  in 1961 as a result of 
soil and stream sediment sampling. Gcologists did not initial- 
ly recognize the magnitude of the discovery because its 
geochemical response was subdued by up to 60 m of covey: 
stream-laid boulder terraces, and what was eventually recog- 
nized to be volcanic ash. (In the clear light of rctrospcction, 
the presence of a "mask" of volcanic ash Seems obvious, 
because Bougainville is home to three dormant or active 
volcanms.) Even during the drilling phase, gcologists con- 
tinued to underestimatc the deposit. Apparently, drill core 
assays gave multswhich, as s h m  bysubsequent production, 
were eonristcnrly low. T h e  reasons for this problem are 
obscure (loss of fine mineralization into fractures?). 

Baugainvillc is part of a pile of caie-alkaline volcanic and 
related mks, of Oligocene to Recent age. Thc Panguna 
orebody occurs on the southern edge of a complex pluton 
composed ofsub-vertical pipe-like intrusions of diariticeom- 
position. In plan, the ore forms a roughly triangular body 
2130m x 12Wm. 80% of which occurs in the intrusions and 
related rock (mostly breecias) and 20% in  the adjacent 
Tertiary andcsitcs. 

Biotite associated with primarymineraliation is3.4 million 
p a s  old, similar to the age of the host intrusions. Chal- 
copyrite- is the most important economic mineral. 
The ore-body i s  associated with a zone of potassic altcra- 

tion, exprcsscd principally as thc occurrence of biotite. A 
propylite halo surrounds the ore, and argillicalteration occurs 
within one of the intrusions. The Panguna system was surpris- 
i n g l y p r  in sulphur: for example, the average pyrite content 
isonly0.74.This may, in part, explain whysecondatyenrich- 
mcnt is of only minor importancc. 

My two overwhelming impressions of mining operations at 
Panguna were SIZE and, funnily enough. simplicity. 

Size. It's one thing to read that thc sire of the pit is 2.6 km 
by2.2L-m.It'squiteanothcrtostandonthepitwallandpecr 
down at 154 tonne trucks which look like ants an  spilled sugar. 

Simplicity. Thc ore-body is large, uniform and easily 
blasted; mining methods arc standardired and conventional: 
the mill circuit is straightforaard (grindingand flotation); the 
concentrating plant can be (and has been) expanded merely 
by adding more units; the operation producesasinglcproduct 
(a copper-gold-silver concentrate). 

At the time Panguna began shipping copper concentrates 
in 1972, cumulative expenditures on the project were 4M) 
million Lina (the 'kina" i s  the PNG dollar). This remains one 
of the highest capital costs for any copper mine-mill complex 
anywhere. Nevertheless, Bougainville recouped its capital 
cost within 3 p a s .  

At the end of 1987, Panguna's provcn n s c ~ y c s  wcre 530 
million tomes grading 0.404 copper and 0.46 grams of gold 
per ton. (Silver runs at about 1.3gmmr perfonne.)Although 
t h s c  PXC~YCS a n  sufficient for only 11 p a n '  production at 
the current rate of 53 million tomes per par, ore not pt 
classified as " p m n "  will undoubtedly extend Panpna's life 
well into thc 2lst century. In fact, management i s  planning to 

expand the c u m n t  production rate by40%. 
Bougainvillc's experience p m s  that a large, low-gmde 

mine can be successfully constructed and profitablyoperated 
in P a p a  Nnu Guinea. In contrast, the OkTedi mine (which. 
unlike Bougainville, is locatcd in a mountainous region far 
from the sea) has not cnjopd the same success. Perhaps, as 
is the case in Canada's High Amic, proximityto tideuatcrir 
an important element in the success of a large miningventure 
in P a p a  New Guinea. 

Kieta to Rabaul, PNG, May 7 
Atdaam,Doames.lzaaaandIrcnteda helicoptertoflyover 

Mt. Bagma. Wewerealmostguaranteedavi~ofancruption 
here: Bagana appears to have bccn emitting lava continuously 
since 1972. However, it's difficult to tell for sure: the lava is a 
viscous dacite whose incandescent portion is usually shielded 
bya  thick carapace of congealed, fragmented lava. 

Bagana isaclassiccone-shapedvolcano.Therc isnosummit 
crater: winkled and mvasred grry lava is w i n g  out of the 
summit and down the side of the volcano, forming masses of 
giant entrails when it Cncounters the flatter ground at the 
bottom. All this was happening too slowly for us to perceive: 
the only action we could see was a white plume of gas 
streaming from the summit. 

Every now and then the build-up of lava on one side of the 
volcano redirects the flow clscwherc. Thc Isst such shift 
happened in September, 1987. Prior to September. the lava 
flowed to the south, bctwccn a pair of spectacular levees. 
Since September, it has flowed to the east. 

(Note added later: The A u p s t  1988 "Geotimcs" says that 
thisflowisabautSOmthick,and isadvancingataboutametre 
per day.) 

The Communities sewing Panguna are on the northwest 
side of Baugainvillc Island. Our helicopter returned via the 
spancly populated southwest coast and up the Jaba River, 
into which Baugainvillc is cumntly discharging its mine 
tailings. As we kept a look-out for puh+uks (crocodiles), we 
could see why Bougainville is spending W-odd million on a 
pipeline to flvsh the tailinp directlyinto the sea. In its lower 
reaches. the Jaba has become choked and threatens to spill 
out onto thesurrounding plain. In itsuppcrreaches, thevalley 
floor looks like a reccntly-draincd beavcrpond. 

Rabaul, PNG, May 7 
Our group is seated under brilliant sun and bougainvilleas 

around t h e p l a t  the RabaulTravelodge.The barnan shorn 
us faded pictures of the hotel awash in water after the Great 
TidalWaveof1971,Thcwaterin thepoolscemstodatcfrom 
that m n t .  

An cngineerjoim us. H e  tells us that the cancellation ofour 
Visit to Ok Tedi may w as much to a recent flood, which 
washed out a bridge, as to the tribal fighting. 

Simberi Island, PNG, May 8 
Sandy Moylc ccrtainlypvlled out all the stops! H e  arranged 

a tour of gold prospects on Lihir and on the Tabar group of 
islands I understand that M wcn one of thc tint outside 
groups tovisit these projects. 

Kcnnecott Explorations (Australia) arranged for two 
helicopten to pick up our group at Rabavl airport. After a 
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quick circuit of the volcanoes which ominously ring Rabaul’s 
harbour. we flcw north over the Bismarck Sea, crossed the 
islandofNnulrelandat itswaspthinwaistandheadedacmss 
50 km of open ocean to Lihir Island. home of Kennccott - 
Niugini Mining‘s Ladolam deposit. 

Lihir Island i s  covered in dense jungle. From the southwest, 
it appcan to be a low-lying. gcntlyminklcd island dominated 
by a stecp, flat-topped mountain to the northeast. As the 
helicopter passer over this mountain, you realize that it is. in 
fact, B honcshoc-shaped ridge, the topographic expression of 
a breached caldera, with the prongs painting northeast. Each 
of thc prongs juts into the sea. &tween the prongs is a 
sheltered bay, Luke Harbour. And behind Luiae Harbour. 
beranen it and thc inner cyme of thc honcshoc, is a small. 
hilly coastal plain. The coastal plain is marked by scan: 
r e d d i s h - b m  scan  where men have scratchcd out roads and 
poked drill holes into the four mineral roneswhich constitute 
the known cncnt of thc Ladolam deposit; and grcy scan 
which mark hot springs, the dying breaths of the Lihir “01- 
cano. 

unlike the 2 km inferred (though not univenally acknow- 
ledged) a t  Gold Ridge. 

We strolled d m  the drill mad and along a short jungle 
trail to the helicopter pad. When we clambered into the 
helicopter each of us was dripping with swat. 

At dusk our hclicopter swoopcd over Rabaul Harbour. We 
noted a new animal: Cousteau’s “Calypso”. (We later heard 
that he was here to make a documentaryabout theproposed 
Ladolam mine.) 

hwa-san was delighted to find his laundry, bcautifully 
wrapped, waiting on his bed. He  was less delighted when he 
found that the p c b g c  ‘ineludcd sweral items of delicate 
feminine attire. His disappointment and confusion were wide- 
ly shared, and we =re obliged to hold an impromptu “swap 
meet” to resolve all the mix-ups. (I was glad I’d done my 
laundry in Crocodile Dundec style.) 

Rabaul, PNG 10 Pod Moresby, PNG, May 9 
I wondcr if Air Nivgini has the world’s only stewardesses 

xith tattwcd faces? 

Part Moresby, PSG, May 
10 

The Brazilians have award 

an thc sandy shore of Luise 
Harbour. Just to the west of 
the camp is thc discovcryout- 
crop: rust-stained cliffs which far them: “garimpeiros”. In 
risc immessivdv from the Mexico. t hey ’ re  “eam- 

Ladolam Camp is located In theMondike were ’sodugh’in 

beach. Niugini‘s geologists landed here on a reconnaissance 
program in 198?. They t o o k  a few chip samples which 
returned ,pdes of several grams of gold per ton. 

We flcw out over the sea again, and landed on Simberi, 
nonhemmost of the Tabar Islands. Kcnnccott and Niugini 
have been exploringthese islands Since 1982. Sandy, and John 
Burgcss, a lanhy Kiwi in gumboots, briefed us on the joint 
venture’s activities. 

The Tabar gmup was formed by volcanoes of largely 
Miocene to Pliocene age and of largely trachybasalric com- 
position. Slream sediment samples taken by Kennccatt and 
Niugini in 1982 showed Simberi’s stream sediments to be 
anomalously rich in gold (i.e. with conccntrations of greater 
than0.l ppm). Inafollow-upsumyin 1983,Sandydiscovercd 
a major area of pyritic and argillic alteration. He returned the 
following year to begin a progx-am of drilling and trenching 
whichcontinucstothisday.Thejointventurc has nowlocated 
several gold prospects of which Sorowar, on Simberi, is the 
most advanced. Near the surface at Somwar is an inventory 
of five million tomes of oxide material, grading 1.7 grams of 
gold per tonnc. Just this y c q  drilling below this zone has 
encountered a possible bonanza zone: an 8m intcncetion ran 
102 grams per tonne. 

Mostofthcminerali t ion occunin bcddcd,subacrialtuffr, 
lahan and other volcanic brcccias which have undergone 
argillic-phyllic alteration. Alunitc age dares suses t  that the 
mineralization is 2-3 million p n  old. Just as at Vatukoula 
and Gold Ridge, the link between plate tectonics, volcanism 
and minerali t ion is vague. 
The helicopter took us up to the Pigiput prospect. We were 

immediately reminded of Gold Ridge: crumbly, clayey, 
oxidized fragmental rocks. (The loeals usc machctcs to makc 
fresh exposum.) Unlike Gold Ridge, however, the Tabar 
Islands prospects appear to lack frcc, Come gold. Furthcr- 
more, fluid inclusion studics suggcst that these mks -re 
never more than a few hundred metres below the surface. 

businos’. In the Klondike, they were called “&dough;”. In 
the Salomons, whcrc we saw the results of their activities at 
Gold Ridge. and here in PNG, therc seems to be nosuch term 
to distinguish individual minen of alluvial gold from corpora- 
tions engaged in the same endeavour. Rcd-bcardcd Mike 
McCulla. an American geologist working for the PNG 
government, has a rugcstion taken from the Australian gold 
fields: “fossickcn”. Today‘s ”PNG Post-Courier” carried a 
fmnt  page story “Gold fever brings on a booze binge”. At 
Mount Karc, 18 km southwest of Placer Dome’s Porgera 
deposit, Papua New Guineans are ma t ing  a scene reminis- 
cent of Brazil’s Sera Pelada gold rush in the mid-1980‘s. 
Thousands of ”forsicken” are panning in the muck and mire. 
As the “PostCouricr“ reports, ‘People from the gold-rich 
arcas of Porgera and Mount Karc have gone bcer-crazy ... 
they arc drinking with money from the sale of gold __. One 
18-year-old youth i s  walking tall with K 96,OW (about 
S150,WO Cdn) in his pockets .__ pcoplc arc using helicopters 
as if theywere taxis: 

Weviritcd theNationalMuseum OfPapuaNewGuinea. Not 
much on mining. The central courtyard of the museum was 
fillcd with tam=(?) animals and birds native to PNG. I was 
wearing shorn. hwa-san wasn’t. He wasmrtlyamused when 
a trcc kangaroo hoppedovertome,wapped hissharpclawed 
’hands” around my ankk and enthusiastically bcgan to lick 
me. (Salt deficiency?) A quandary: should I push him away? 
His teeth and clam5 looked vicious. By now he was up to my 
knee. Grab his jaw? Up to my thigh. Had to d o  something ... 

The cancellation of the Ok Tedi visit meant that we had to 
visit Qantas to have our tickets rcmnstructcd. The Qantas 
lady ~o performed this tedious task told us that thcrc had 
becntribalfightingatOkTedi,butthat thecrisiswasoverfor 
thctimcbein&andthatthcWairportsthcre(atTabubiland 
Kiunga) were once again Open. 

While waiting for the flight to Brisbane, I bought a Pidgin 
English dictionary and a bottlc of “Nambawan Bia’ (Pidgin 
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for "toprated beer"). Reading and sipping, I learned that a 
geologist, in Pidgin, is a "masta bilong lukim ston.' And that 

. . Prince Charles i s  "nambawan pikinini bilong misis Lariain". 

Brisbane, Australia, May 10 
Although I grew up in New Zealand, this is the fint time I 

havc set foot in Australia. Before I was allowed to do so, 
however, Australian Customs officials took away my boots 
and fumigated them. 

Brirbane, May 12 
Tonight, hwa-san has been invited to dinner by his friend 

Malcolm Forbes (no, not that one, the other Malcolm For- 
bes). Ma1 graciously Cxfcndcd the invitation to me. Great! 
Malcolm iswithQuecnsland Metals Corp. N.L..an Australian 
companywith an interesting magneaite prospect and interests 
in gold exploration. 

Brisbanc and the Gold Coast, May 13 
After a fine dinner with the Forbcs family, Malcolm 

proporedthathe,hwa-sanand Ivisitamine today.Themine 
isrun b y a p r i a t e c o m p a n y . a e d  bytheNeumanns,afamily 
of Malcolm'sacquaintance.Although it sounded most unlike- 
ly, the mine i s  a beach-sand mine at the southern end of 
Quccnsland's famed Gold Coast. me Gold Coast, whosc 
facalpointisSurfen' Paradise, is Australia'sanwcr toMiami 
Beach.) Irawa-san and I jumped at Malcolm's kind offer. 
Australia is the giant in the world of beach-sand mining. 
Besides. I'd already spent two days at Eqm '88 and found it 
difficult to think of how to fill a third day. 
The end products of Australia's beach-rand industry in- 

clude garnct. zircon, ilmcnite. ru t i le  and monazite. 
Ma1 picked us up at 8 a.m. in front of the Hilton, and took 

the freeway south t m r d s  the New South Wales border. We 
zipped past real estate signs: 1 acre scniccd lot; S29.0w; 
?-bedroom house with pool and garage, 355.000. 

The headquarters of the Neumann family's group of com- 
panics is in Cummbin. Quccnsland. Thc companies are mn 
by four brothers, taro of whom we met: Bruec and Peter. On 
meeting Peter, I was remindcd of a line from the book "How 
to SUM= in Australia": "the richer one is in Australia .,, the 
poorerhemustdress,inordcrto keep the natiandemaeratie." 
Actually, Peter's practical mode of dress was cntircly ap 
propriate: he clambered over, under and inside mineral 

............................. ... ..... ............................................... ..... . ..... ...,_ ......................................... ~ .................................................................. ....:....... ...... .. 

There must bc some situations where it could be used. 
Another surprise: beach-sand mining got the Neumanns into 
the dmdge cunstmction business. And, since gold tailings 
reclamation projccu arc very fashionable around the world, 
this business is booming. Oddly, howevcr, their only 
Canadian sale so far has been to Saskatchewan Minerals' 
sodium sulphatc mine at Ingebright Lake, Saskatchewan. 

We d m  to Curmmbin Minerals' mine. just across the 
border from Qucensland. in New South Wales. Mining is by 
a dredge, and by trucks and loaders. Activities are currently 
just landward of the beach. Perhaps an a warn day it would 
be covered with sunbathen: today the beach was empty. On 
the horizon, a magnificent pmcession of tall ships spcd north 
on a brisk cool brcczc. The ships -re an their way from 
Sydney to Expo '88. 

Ansett Flight 17, Brisbane to Sydney, May 14 
I realize that one of the reasons we havc trouble under- 

standing Aus ies  is that they tend to drop syllables which 
seem unnecessarytothem.Thiswould explainwhy thepurser 
referred to the stewardesses as "fly tendons." 

Melbourne, May IS 
Eighty of the parlicipants in the B I C E Y I E N h W G O L D  

'88conferencc tooka triptoBallarattoday.AtSovereign Hill, 
the local community has r e m a t e d  the Ballarat of 130 years 
ago: a booming gold town. Superb, one of the highlights of 
the trip. 

For Professor s a n d - s o  from England, the underground 
tour was marred by thc presence of a sobbing child. He 
bawled "shut up. you little sod? Much to the astonishment of 
her mother, the child immcdiatcly stopped crying. 

On board the " A k l  Taman", Devonporr, Tasmania to 
Melbourne, May 17 
Last night I new to D m n p o r t ,  rented a car, and spent the 

night at Wynyard, Tasmania. Past experience had taught me 
to b o r n  One of my daughter's crayons for the trip: I used it 
to M i t e  "LEFP on the car's windshield to remind me not to 
Start out on thcmvng side of the road. 

This morning I drove through the postcard-pretty 
countryside of northwestern Tasmania. Although the green 
rolling farmlands MIC reminiscent of eastern Ontario after 
sorin: rains. the stcelr-sided. flat-toowd mountains to the .. . -  ~~ 

processing equipment, giving us a 
very enthusiastic. detailed tour of 

south (Jurassic Gondwanide 
dolerite sills) looked more like 
the countw north of Thunder 

marts bilong wcim their plant. The plant is operated A^__ 

Bay, and the red soils reminded 
Ncumann's  companies .  me of Kauai. Hawaii. (As well 
Cummbin's major products are they mieht: both are dcvelowd 

by Cuirumbin Mi&alr ,  one of the siun 

~. 
Ntile and zircon. My biges t  surprise was to learn that each 
of these minerals constitutes only about 112% of the original 
beach-sand. (I'd always imagined that Australian bcach sands 
were virtually pure a g p g a t c s  of the end-product minerals.) 
The pmcessingplant i s  fascinating: after initial concentration 
at the mine site, ria magnets and spirals, the ore is trucked to 
the processing plant for further concentration via shaking 
tables. more magnets and more spirals: then it is dricd and 
run through clcctrostatic scparaton. Pctcr took great pains 
to show us the internal workings of these machines, which 
wparatc the m i l e  from thc zircon. I'm not aware of any 
electmilatic technology in u e  in Canada's mining industry. 

~- 
on Tertiary basalts.) 

The road wound south into dcnsc rain forest. Scattered 
along the mad were the carc~sses of plump, furry animals: 
Tasmanian devils! 

I was in Tasmania to YC the Hcllycr mine of Abcrfoylc 
Limited. Although not as large as Rcd Do& Hellycr has the 
potential to be a major player in the world's lead and zinc 
markets in the 1990s. P m n  r e s e w  are a t  the end of 1987 
were 15.2 million tomes grading 13.1% zinc, 6.7% had, 0.3% 
cupper, 1M)gftsilvcrand 2.3gftgold. 

I parkcd in front of the Hcllycr mine officc at Que River. 
While waiting to meet Gary MacArthur, Chief Geologist, I 
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enjoycdalcamcdroolopcaltrearisepinnedtothestaffnotice 
board. It explained why, as a result of the animal's unusu~l 
sphincter, wombat droppings arc square. 

Gary, a remarkably patient man given that he has been 
inwded by Gr i tan  on their way to and from BICEhTEN- 
NIAL GOLD '88, emphasized that one of the keys to 
understanding the Hell,yer project is an appreciation of the 
complicated history and gco,pphy of its infrastructure. 

In Februaryof 1981,Aberfayle brought into production the 
Que (pronounced like the  letter "C?) Rivcr zinc-lead mine. 
In an unusual arrangement, Que River trucks all of its ore, 
M0,WO tomes per annum. to Rosebcry, where it is sold to a 
company called EZ. 
In 1983, Abcrfoylc discovered the Hellyer zinc-lead deposit 

3 km north of Que River. The discovery can be largely 
attributed to a UT'EM survey. (If Abcrfoylc wrc to have 
de lapd  that survey a few p a r s ,  it might never had found 
Hellyer. bccausc a power line now N ~ S  down the middlc of 
the orebody!) Gary was brought in during the exploration 
phase and. as a result, k n m  the orebody inside out. Even 
today. he maintains this knowledge by means ofan interesting 
discipline: he logs cvcry third drill-hole himself. 

In 1987,Abcrfoylc brought Hellprintopmductionata rate 
of 250,wO tomes per p a r  and on a shoestring budget. Thc 
ore is trucked to Abcrfoyle's Cleveland mill (which used to 
s c m  the old Lvina tin mine). The Clcvcland mill has been 
converted, and now produces a bulk zinc-lead-silver con- 
Centrate. 

Aberfoylc's experience with Hcllycr has bccn P happy one. 
The Company is cxpandingorcpduct ian  to amillion tonncs 
per annum and building a ncw mill right at the Hellyer Sit=. 
The Hel lpr  mill will probably never treat Quc River's ore. 
Abcrfoyle'smntract,whcrebyEZmills Que Rivcr'sore,ends 
in 1991. So, it sccms. will the Que River ore-body. recent 
exploration has not given much hope for the possibility of 
extensions to the reselves 

Hcllycr and Que River CCNI in the Mt. Read Volcanin. a 
Cambrian island arc which runs through nonhwestcrn Tas- 
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mania like the mirror image of a sans serif letter "J". The 
Quc-Hellyervulcanics, which host the ore-bodies, arc among 
the youngest mks of thc Yt Read arc, and occur where 
Tertiary f l d  basal% truncate thc northern tip of the "I". 

The Hellycr ore-body is stratabound. The mineralired 
s t ra taaremrla in  by, intum,5mofwlcaniclastites (fine tuffs 
and 'mill my) and 3 0 m  of basalts. FoorWall rocks are 
feldspar-phyric andesitcs. 
Thc ore-body OCNTS in the core of a broad, nonheast- 

trending anticlinc. Also in thc c o x  of the anticlinc, and 
parallcl toit.isa fault,thcJackFault.Althou~ thcQue River 
deposit has undergone tight, isoelinsl folding, folding at 
Hellycr is gentler and broader. The Hellycr orebody is ap- 
proximately hoeonta l  in an east-west direction. It dips to the 
northforthc mostpart gently, butthe northwarddipsteepens 
rapidly at the north end of the orebody. 

l l c  ore-body occurs as a single lens (though faulted) and 
is composed 85% of rvlphidcr (pyrite, sphalerite, galena, 
ancnopyritc and chalcopyite) and 15% of gangue (quartz. 
barite. calcite, scricite and siderite). The ore tcnds to be 
cnrichcdinzn, Pb,As.AgandAutowardsthc hangingwall. 
and the foohmll ponion is enriched in Fe and Cu. Beneath 
the ore-body is a vertical zone of pyritic, generally barren 
alteration. The mre of the altercd zone is enriched in silica 
and barite whereas the O U ~ C I  parts are enriched in magnesia 
and depleted in d a .  Contacts with unaltered rocks are sharp 
(in contrast with the diffuse alteration boundaries at Que 
Rivcr). The basalts above the Hellycr deposit are widely 
carbonated and locally contain fwhritc. 

Gary's reconstruction of the paleogeography at Hcllyer 
suges ts  that the Jack Fault was probablyaaivc before any of 
the rwks of the Hcllycrsequcnccwcrc dcpositcd.The surfacc 
trace of the Jack Fault war a wcst-facing escarpment on the 
sea floor. It ran along a major north-south ridge which 
adjoined basins to the cast and west. Hydrothermal solutions 
parsed up through the Jack Fault and were ponded in the 
basin to the west. 

Before taking mc underground, Gary took me to meet Bill 
Lannen, the Minc Superintcndcnt. Bill assured me that, by 
December of this year, Hcllycrwill be able to producc at its 
planned rate of a million tomes per annum. "Swn", he said 
"thiswill be Australia's most boringminc!" He outlined some 
of the k e y  to what may be Australia's most productive 
underground mine, if not the m a t  boring: 

(a) The orebody is inside a mountain, so trucks can drive 
straight into and straight out of the mine - no expensive 
hoisting required (at least, not in the carly stages of mining). 

@)The orebody is massive, with little internal waste. per- 
mitting the ysc of large-scale mining techniques. we mine 
openings. 18 feet square, dwarfed the pick-up in which Gary 
and I toured the mine.) 'An open-pit mine with a cap on it", . .  
beamed Bill. 

scheduling. 
(c) The wurkcn have accepted flexible job assignments and 

The metallvreical amuzs of Hellwr are less favourable - 
than the mining side. Although the ore p d c s  arc high, the 
ore is fine-grained (whch wll lead to lower rernwrics than 
at. for example. Cnminco's Sullimn mine); the ore has a 
relatively high arsenic content (which can be wercome by 
careful pmdunion scheduling); and the gold is difficult to 
r e c m r .  
T h e  latter problem leads to an amusing situation. Hcllyer 
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.rill be a ~ I S C  gold minc! From o x  gradcs of 2.3 grams of 
gold per ton, the Hellprr mill will produce tailings p d i n g ? 3  
gramsgoldperton.Fcsilvcrcontcntofthc tailingswillalso 
be appreciable: about 75 gft.) The tailings. therefore, will 
represent an important potential rescwc of precious metals. 
I understood that Aberfoyle will tackle the problem of ex- 
tracting those metals oncc thc current capital program is 
complctcd. 

In thc middle of the aftemwn, G a q  reminded mc that it 
was a long drive to the ferry terminal at Devonpon. and that 
the 600 o'clock ferry waited for no man. Thhe poor fellow 
thought he'd got rid of me .._ no such luck! My car wouldn't 
Start ... in my muddle over finding all the controls on the car 
back-t&roront, I'd left the parking lights on. Fortunately Gary 
knew where to find jumper cablcs, fortunately I was parked 
next to a truck. and fortunatcly cvcqonc leaves his kcp in 
the ignition at Que River. So, fortunately, I caught the ferry 
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Sydney, May 19 
FollocvcdvpovrtourofNiugini Mining'spmperticsinPNG 

with a visit to Gavin Thomas, Niugini Mining's General 
Managcr. Today, mart of Niugini's mining interests arc 
propeniw hcld in joint wnmx with Kennccott. Niugini has 
a 12% carried intcrcst and an 8% wrk ing  interest in the 
Ladolam dcposit. Kennccott owns the other 80% however, 
the Government of PNG has an option to buy into a 20% 
interest, which Mvld  dilute Niugini to 16%. The mineral 
inventory at Ladolam is 167 million tomes of ore grading3.43 
grams of gold per ton, q u i n l c n t  to 18.4 million ounces of 
gold; work in the axas currently being drilled will probably 
increase the inventory -MS to 30 million ounces. 

The caldera h i c h  hosts thc Ladolam deposit, Lvise 
Caldera, is of Quaternary age and has dimcnsions of 6 km x 
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4 km. Potassium-argon dates suggest that thc mineralization 
a t  Ladolam occurred between 0.35 and 0.10 Ma ago. Like the 
Tavua volcano of Fiji, it is composed of rhoshonitc and, like 
Tawa, Gold Ridge and the Tabar Islands, any obscure 
relationship to plate tectonics is an obscure one. 

The ~ C M S  qvotcd abovc relate only to two mincralizcd 
zones, Licneu-Coastal and Minifie, in the wcll-explored 
central portion of the Caldera. Two adjacent zones, Kapir and 
Camp, will probably be added to these rcscwes. Yet more 
zones a u l d  yet be discovered clmer to the inner rim of the 
caldcra, whcre a thick annularwcdge of talus has discouraged 
drilling. 

Ladolam is hosted by altered volcanic flows, tuffs and 
brcccias. A mommite  stock oecun within 200 m of thc 
surface below the Lienctz zone, and minor intrusions of 
monzonitc and sycnite OCCUT in both the Licncn and Minifie 
Zones. 

Thhedecpestaltcrationzoncat Ladolam is thepotassiczone. 
T h i s  zone (which is generally b a m n )  grades upwards and 
ourwards to propylitic rock. The patassicand propylitic r o c k  
are generally capped by a "boiling zone" composcd of a 
brccciawith nomatrix.(Tle boilingzoneandpropylitic~k 
arc commonly mincralizcd). Above the  boiling zone is a 
weakly mincralied, discontinuous zone of argillic alteration. 
and above the argillie zone arc discontinuous zones, some 
mincralizcd, of advdnccd argillic alteration, silicification and 
oxidation. (Oxidized mltsaccount for about 8 million tomes 
of thc mineral inventory at Ladolam.) Thc joint vcntwe will 
probably have completed a feasibility study by mid-1989. Thc 
bigcs t  decision concerns the treatment of o x  othcr than 
oxide o m .  &causcoftheirrefractorynaturc, these oresmust 
undergo either flotation followed by roasting (as at Emperor 
in Fiji), or prerrurc oxidation. In cirhcr case, mining would 
begin in the easily-treated oxide ores about a year alter a 
production decision. and the mining of the rcfractoly ores 
would begin a year to 18 months later. 

Onc of the lcssons of Ladolam i s  that this pan of the world 
has been only lightly explored. The  Ladolam deposit i s  ex- 
posed in bold, rusty sea cliffs, yet it was not discovered until 
1982. Kcnnecott and Niugini have made several discoveries 
elsewhere on their extensive properties in PNG for cxampie, 
at Simberi Island -suggesting that Ladolam i s  not an isolated 
CTcYmnCc. 

Los Angeles, Tuesday, May 24 
The U S  Immigration Services computer flagged me as an 

"undesirable alien." (Our Institutional Sales department has 
known this for some time.) I cwled  my hccls for half an hour 
while thcydceidcd that thcdmgrmugglcrwith a name similar 
to mine was born on a diffcrcnt date. 

...Ray Goldic 
Richardson Grccnshiclds of Canada Ltd. 

EDlTORlAL COMMENT 

On August 24th and X t h ,  1989, Voyager I1 broadcast spec- 
tacular images and data of the planet Ncprune and its 
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satellites. At a distance of 2 billion miles this represents an 
impresslvc technological S Y C C ~  and a milestone in man's 
exploration of the solar rystem. We, as eanhlingr. have now 
viewed indirectly all the major satellites in our solar sy5tem 
(except Pluto) using sophisticated computer and aerospace 
technology. The geological and geophysical data, which this 
and othcr spacecraft have gathered over the years. has in a 
large way changed and contributed t o  our basic under- 
standing of the u n k n c  and our place in it. What is most 
intcrertinginthissolarsystcmcxploration is thatthe primary 
data collection is foeussed predominantly on gcology and 
geophysics. Geoscicnce, in all its aspccts, is a leader in im- 
plemcnting new technologies. Voyager I & 11, launched in 
1977, carried computcr equipment which, although obsolete 
by todays standards, functioned perfectly and not onlydid the 
job it was designed for but managed to amaze all who \iewcd 
the images rccovcmd after this long and hazardous spacc 
flight. 

At this point you are probably wondering what this may 
have to do  with mineral exploration. Well, the s~cccssors to 
the Voyager technology have been available to geoscientists 
for the same twelve year period that t w k  Voyager to N e p  
tune. Geophyxicists have embraced the tcchnologyaith open 
arms and have added an impressive array of methods to the 
exploration toolbox; geochemists have vastly improved 
analrical techniques and n w  produce rcliablc data in parts 
FT billion or trillion; gcologists have, however, only dabbled 
wth  the technology and other than a rare application to 
mineral exploration or an impressive full-color image of a 
project area,wc arc still in the bmt-and-hammer mode. 

Think about it! How involved are YOU in using remote 
sensing data and image analysis techniques in your c u m n t  
cxplorationprograms? Do the geologists in your organization 
have sufficient experience or training in remote sensing tech- 

* * *  nology? 

Iwould like to a c k n w k d g c  Pat Sheahan and herkanning  
Scrvicc as a great SOUKC of ideas for articles. 

a * *  

GANGUE nmlctters:  
SUBMISSION DEADLINE PUBLICATION DATE 

December 15 Ja""afy 
March 15 April 
June 15 July 
September IS October 

Articles on ore deposits, deposit models, news events. gos- 
sip, field trips, conferences ctc. are welcomed. For lengthy 
 article^ please submit P 5 1/4" floppy disk in IBM format 
with the printed version. thiswill save me endless hours of 
typing! Submissions may be addressed to: 

Brian Grant - Editor 
THE GAh'GW 

c/o B.C. Ministry of Energy, Mincs 
and Petroleum Resources 
Geological Sulvey Branch 
Victoria. B.C. V8V 1 x 4  

* * *  Tel: (604) 356-1693 FAX: (604) 35568153 
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Geological Survey Branch 
. . ~.. ....-.. . L A D , .  ,- .- ,-2--7 

reference are: 
1) To r e w w  the curr~nt mandate of the Geologcal 

;"Id be broadened to include 

,anhation of the Blanch in the 
lore gc01ogy. 

:,:~.. -"....-.:-- --,",:"--a.:"? 

Survey Branch and to recommend changes, if any, that 
arc deemed warranted LD ordcr 10 enable the Branch to 
better mcct the Provme's accds for gcologtcal Informa- 
tlon to the year 2000 Specifically, to renew whether the 
Branch's mandate ah< 
gcophysicr and/or offst 

2) To yemew lhe org 
ntcxt of rcsponriblu.r, 'cpv~mag ~ ~ A ~ L w ~ L ~ Y ~ ~ ~ ,  

orkload and effeetivencsr, and mommend any chan- 

renew and repart on adequacy of staff and 
ICSOUIC~S of the Branch and 11s various Sections 

y meet its mandate and &~CIVC the mining 
ndustry and Its other major clients in the next decade, 
havmg regard to the longer term prospects for pubirc 

Ir you hme comments that you think should be con. 
ridered by this conmmittee, please write or phone one of 

iCquoted in the final report. 

Dr. Chris R Barnes (Chairnian) 
Centre for Eanh and Ocean Resources 
U n ~ v e r s ~  of Vinona 
PO Boxqi00 
Victona B C V8W 2Y2 
Tel. (4) i21!8838 FAX (604) 721-7715 

I 

rerehed by December 31, 1989. Submissions will be 
kept ronlidcnlislondwillnot heattributed tatheauthor 
1 

Mr. Dave A. Bnrr 

Mr. John M. Ham 
Cominco Ltd. 

Dr. W. Dme MrRitch 
535-330 Graham Ave 
Winni em, Manitoba. R3C4EZ 
re1 945.6~59 FAX (201) 

5108 Carnev Road N.W. 

Economic Guidelines Seminar 
December 10th to 16th, 1989 

Queen's University 

Economic guidelines for mineral exploration 
will b e  discussed in a seminar on Dec. 10-16, 
1989, at Queen's University. The organizers, 
ledby Dr. Brian Mackenzie,will emphasize case 
study analysis and small-group workshops. For 
further information, contact: 

Shidev Treadgold 
DONALD GORDOh CEXTRE 

mf.G.GSTON, OhT K7L3S6 
Tel: (613) 545-2221 F* (613) 545-6624 

LZEN'S UXIVERSITY 

This hro and B hall day course wll be presented by 

il gcochemistly however. i t  will 
also be of interest to those seeking an oveniew of 
eeocheniical tcchniqucs. C o m e  fee will include a 

3 II 
of 
,g: 
am 
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count manual, twt 
show. All aspects 
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i PUBLICATIONS 
MINERAL DEPOSITS DIVISION 

THE FOLLOWING PUBLICATIONS OF THE MDD 
ARE AVAILABLE FROM: 

GAC PrnLicmoss 
Deoartmmt of Earth Sciences 

the successful imolcmcntahon and use ofcomoutcr twh- 
nology formanagmg cxploratian and mmmgdatn. there 
are also a number of dlsastcr stoncs mnceming the 
impmperlrseofcomputcn. Ths has produced adcgmc 
of skcpticsm about mmputer u a g c  among some ex- 
ploralion and mining professionals. There B a real 
0~1x)r lunl tv  to l a m  fmm cast mzstakcs but many or- I 

Geologv and Om Deposits ofthc Highland Valley Camp 
by: WJ. McMillan, 1985, 121 p., $16 

Gold and Copper-Zinc Metallogmy within Metamor- 
phosed Greenstone Terrain, Hemlo-Manitouvadge-)"sto" 
Lake, Ontario, Canada 
by: RH.  McMillan and DJ.  Robinson(Eds.), 1985,91p., $22 

_. 
gaoizatiaas are hesitant to speak of them. 
Ttus CAMEworkshop wll prwidc an oppodunity to 

present examples of problems cncountercd and sol"- 
tions adopted in mputcnzed  data management. More 
unporlant, the workshop MII p m d c  a forum for an 

YeUowknife Guide Book - Guide to the Geology of thc 
Yellowknife Volcanic Belt and its Bordering Rwks 

by: WA. Padgham (Ed.) 1987,ZW P., 130 

Volcanogenic Sulphide Districts of Central Newfoundland 
A Guide Book and Rcferencc Manual far Valcanogcnie 

Sulphidc Deposits in the early Paleozoic Oceanic Volcanic 
Terraine of Central Newfoundland 

by: S. Swindcn 8: B.F. Kean (Eds.) 1988,260 p., S40 

should 
Papei 

Technic 
gewhet ...-..,, 
information syhtcms(GIS), geological modelling. drilling 
data, ore re~m estimation and mine planning. There 
papers will emphasize practical cxpcricncc, gained by 
computer wen, and will prwide suggestions for future 
applications. A presentation on future trends in com- 
puter applications in  t 
planned forthe final p 

FORMAT: The "or 
run for two full days. I ..___ _ _  I_j__ 

and will take place in one of the larzc mectine rooms at 

~, ~ - - ~  ..,".-, ~ _ _ _ - ~  

be takcn to prevcnt such problems. 
15 e l l  be invited, by mcmben of the CAME 
:al Committee, covering diverse tapirs such as: 

ALSO AVAILABLE 
SHORT COURSE NOTES NO. 5 
MICROCOMPUTER GRAPHICS 

FOR GEOSCIENTISTS 
by Malcolm Reeves, 119 p., 9 diskettes, 
members GAC 165. non-members 580 

he mineral industtyis tentatively 
ancl discusion. 
kshop and technical exhibit MII 

theToronto Convention Centre. - 
The daily schedule will comprise 11 papen, each 25 

minutes in Icnmh. includine a 5 minute auestion mriod. 

- 

Panel dwussi&sof U to i o m i n u t c s  wil be held a! the 
end ofcach day, or aftcrearh ysllon !I the number of 

I papen on a single topicwarrantsit. 
PUBLICATION OF PROCEEDINGS Speakcn will 

be required to submit a short manuscript of a p  . . .... 

figures or tabla in the cquimlcnt ten 
spam. Papersmll h c m m d  bylhc CAMETcchniral 
Committee and ilvblishcd in a mmr-bound. workshoo 

Ontario's OMEP Grants 
.. 

A total of 36.21 million in 101 grants has been 
approved by Ontario's Ministry of Northern 

. Dcvelopmcnt and Mincs. These grants were for 
programs completed undcr the Ontario Mineral Ex- 
ploration Program between April and June, 1989. 

The OMEPpmgramprwidcsgrantsand taxcredits 
to companies that had not been mining in Ontario 
and has to date assisted more than 1800 exploration 
programs. 
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