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PREFACE

Due to convergence of circumstances timeage spacedistance funds world affairs this
report has been prepared solely by the first author For the same reasons it has been neither
edited nor reviewed independently

Nor has S M Aleksandrov had the opportunity to do so either Written comments by Dr

Aleksandrov presented herein are set within quotation marks Though of course these are not

necessarily attributable strictly speaking given the everpresent context language
problems etc in such matters as well as the overall circumstances attendant to working
acrossthemiles Including preparation of the present report However his recent paper

Gold Behavior during Endogene and Supergene Alterations of Sulfides in Magnesian Skarns

published in Geochemistry International volume 45 number 2 pages 152169 2007
affords direct access to some of his views as related to magnesian skarns and our

investigations of the Arctic Chief locality

The responsibility for the contents of the present paper lies solely with the first author

Including in particular for various interpretations etc based on previous
communications with Aleksandrov

The first author may be contacted at the Haines Alaska mailing address given above
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ABSTRACT

Investigations of certain geological aspects of the Whitehorse Copper Belt Yukon Territory
Canada were initially pursued during 19801982 and subsequently continued after a hiatus

of some twentytwo years during 20042007 Principal ultimate concerns were with regard
to petrogenesis and associated mineralization

The initial work resulted in the then firstknown recognition and confirmation of the

magnesianskarn character of the Arctic Chief west locality
Analytical procedures featured stereomicroscopic sample examination petrographic as

well as ore microscopy xray diffraction and xray emission fluorescence spectrometry
At this locality a key feature also initially recognized and confirmed at that time was the

occurrence of periclase brucite marbles with classic examples of the type present
Other significant features at the Arctic Chief characteristic of magnesian skarns initially
identified as such included rocks of calciphyre character the presence of a number of

other magnesian minerals in addition to pyroxenes including forsterite serpentine
spinet phlogopite Mgchlorite talc clinohumite and the presence of typical
rhythmic banding or its vestiges in rocks as well as in ores In addition the quite
speculative presence of MgFe borate minerals of the ludwigitevonsenite series was

indicated though this remained unconfirmed at that time

Unfortunately this initial work remained unreported formally at the time The subsequent
work 20042007 provided an expanded sample base Some one hundred selected specimens
were sent to S M Aleksandrov at the Vernadsky Institute Russia for use in hisown research

His subsequent definitive work on them confirming as well as significantly extending our

previous findings Providing confirmatory evidence for the formation of the borate mineral

magnesianludwigite pseudomorphously replaced by magnetite at the Arctic Chief As

discussed in a portion of a paper by Aleksandrov in Geochemistry International 2007

The Arctic Chief west locality is demonstrably an example of a magnesianskarn
Additionally our work collectively has shown that rt features a version of primitivetype
zoning formed under conditions of the hypabyssal periclase facies as considered in the

context of the model of skarnformation developed and refined by Aleksandrov and coworkers

This approach merits consideration regarding the nature and origins of skarns

particularly with regard to those associated with host rocks of dolomite dolomitic
magnesiumrich character It offers a conceptual as well as substantively based framework

of theoretical background fundamental knowledge and experimental work As well it affords

ample evidence from a wealth of experience and analytical work supportive of the validity of

this approach to the genesis of skarns Including our work on the Arctic Chief

Appreciation and utilization of this model ought to be an essential aspect of investigations
intended to further the understanding of such geological occurrences In turn potentially
yielding insights of more practical value in the exploration for evaluation of and

production of mineral resources from deposits related to magnesian skarns Such as has been

the case in many areas worldwide cf Aleksandrov 1998 and numerous other publications

Our 20042007 investigation also resulted in the recognition of some interesting occurrences
of molybdenite and other mineralization near the Arctic Chief

Implications of anyall of the above points locally elsewhere in the Whitehorse Copper Belt

and environs as well as elsewhere regionally remain to be evaluated
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PART 1 Introduction summary of results interpretations

INTRODUCTION

A study of certain aspects of the Arctic Chief localityore deposit in the Whitehorse Gopper
Belt cf Watson 1984 Tenney 1980 Morrison1976 1981 Heon 2004 Meinert
1986 Wheeler 1961 Kindle 1964 Grabher 1974 Dawson and Kirkham 1996
Aleksandrov 2007 etc was initiated by the first author TCM and the second author

JCM in 1980 cf Mowatt and Mowatt 1982 This work was done while TCM was

employed as Supervisory Geologist by the Alaska Field Operations Center United States Bureau

of Mines USBM Douglas Juneau Alaska The intent was to attempt to add to the

understanding of the nature of this skarntype ore deposit by investigating certain aspects
of the mineralogy petrology geochemistry and geological relationships

Of particular interest were a number of key features of deposits of this skarntype
elsewhere as recognized and elucidated over the course of a number of years by the extensive

work of S M Aleksandrov SMA and colleagues at the V IVernadsky Institute of

Geochemistry and Analytical Chemistry Russian formerly USSRAcademy of Sciences
Moscow

TCM had the privilege of working with Dr Aleksandrov while serving as the tatters

professional host in Alaska on his two scientificcultural exchange programs visits to the

USA1973 1979 These visits were made possible jointly by the Academies of Sciences

of theUSSR and of the USAThus began a coNegial relationship which has continued since

1973 to the present time Working together in the field Seward Peninsula and elsewhere in

Alaska laboratory and office proved most informative and quite valuable Hence the

subsequent initiation of the USBM project in 1980

In 1980 knowlege andor appreciation of the significance of the work on contact metamorphic
metasomatic skarns and related mineralizationore deposits by SMA and his associates was
not notably widespread elsewhere Thus implications of this work with regard to

understanding of the formation of skarns and related contact metamorphicmetasomatic
mineral deposits were not widely appreciated outside the USSR and other places where

geologists from the USSR had worked

At the Arctic Chief west locality fundamentally the principal concern of the study initiated
in 1980 was with regard to the nature of the skarns present ie whether this was an

example of a magnesian skarn per the usage of SMA situationoccurrence If so as

preliminary impressions obtained by TCM and JCM had suggested what implications might
this have with regard to the Arctic Chief ore deposit other depositslocalitiesoccurrences of

mineralization in the Whitehorse Copper Belt area and perhaps regionally as well

These considerations were addressed in the context of the concepts featuring an emphasis on

metasomatic aspects developed as the result of the work of SMA and associates featuring
extensive and effective applications elsewhere in the world in terms of mineral resources

exploration development production and uses some rather innovative One of the more

noteworthy aspects of their work was the elucidation of previously unrecognized types of

deposits of boron and of tin This also resulted in some innovative exploration production and

utilization methods Raising reasonable questions as to possible implicationsapplications
elsewhere cf Mowatt 1984 Mowatt and Jansons 1985

2
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Cn the basis of the information and insights obtained as the result of working with SMA the

skarns of the Whitehorse Copper Belt were of obvious interest in terms of the geology per se

as well as with regard to relationships to mineral resources Known as well as potential At

that time the definitionsthe recognition of magnesian skarns as such the geological
significance of their presence or absence and implications as to related mineralization
were topics remaining in general somewhatilldefinedGeoesoterica whose relevance
other than academically was yet to be determined At the time other than in theUSSR
and a few other places this was not a topic of widespread apparent interest in geological
science A skarn was essentially simply a skarn

To a certain extent with some notable exceptions in many respects this state of affairs had

changed relatively little in the interim between 1980 and 2004 as it turned out Though by
2004 the technical literature and TCMs personal library thanks to SMA contained even

more numerous contributions on the subject ey SMA and associates including books Cf the

REFERENCES section of this report especially Aleksandrov 1998 2007 The 1998 reference

is the book on the subject Geochemistry of Skarn and Ore Formation in Dolomites The

2007 paper published in Geochemistry international though with a broader theme offers a

concise yet informative summary of Aleksandrovsapproachmode as well as featuring a

discussion of the results of our work on the Arctic Chief by way of an example

STUIES

Initially field investigation and sampling of bedrock outcroppit wall exposures associated

rubblecrop and related float materials were carried out by TCM and JCM at the Arctic
Chief locality in 19801981 This was done in the context of consideration of various key
features and relationships of minerals and rock types and their position geological
geochemical temporal andtor spatial as developed and elucidated by SMA and coworkers

Subsequent analyses of these materials were carried out at TCMslaboratory at the Alaska

Field Operations Center USBM facility in Douglas Juneau Alaska Analytical capabilities
featured stereo and petrographic microscopy ransmitted and reflected light xray
diffraction XD xray emission fluorescence spectrometry XRF and fireassay

COtNMENTS QN FESlJLTS FRM THE 19801982 STtJY

Gleaned insofar as feasible from an incomplete collection of various items exhumed in 2004

from personal materials long storedaway See remarks below regarding the regrettable
affair of the missinglost report Featuring battered and tattered copies TCM JCM of

field notes sketch maps roughdrafts the odd scrap of paper resurrected from an od book
etc also some longretained paperweighttype pieces of choice specimens other sundry
oddiments Supplemented by thoughts recaptured variously from personal TCM memory

Perhaps first and foremost the matter of those splendid whitegrey rocks gleaming and

sparkling in the Yukon summer sunshine Marblesapparently Indeed as it turned out

In fact the notunanticipated perictase brucite marble This a key to the magnesian
skarn character of these rocks of the nature of this depositfoccurrencellocality Per SMA

publications personal communications and remarks elsewhere in the present report as well

as now his 2007 paper The formation o the mineral perictase in these rocks of course an

aspect of decided petrogenetic significance cf Turner 1968 Winkler 1979 Aleksandrov
1998 Among numerous others over the years

3
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This initial recognition at the Arctic Chief was based principally upon hand specimen
examination in the field marbles with brucite pseudomorphinglreplacing periclase as

occasionally especially evident on weathered surfaces of some of the rocks

Bringing certain recollections TCM of 1873 working in the field on the western Seward

Peninsula Alaska Quoting SMA

This Is periclase marmot If you want to see periclase marmot here it is If you
do notwartt to see periclase marmot WeIL But is periclase marmor While

displaying a chunk of light grey rock with a certain knowledgeable flourish lhhile our

somewhat politicized colleague of that day shrugged skeptically and wandered off

Memories of that foregoing doublebracketed bit of rather shortsighted geopolitical
byplay remaining with me ever since From a personal firsthand introduction education

provided by SMA in 1973 on an upper flank of Brooks Mountain in the Lost River region

Followed some years later by recognition of similar features in the field at the Arctic Chief

Duly followed by laboratory confirmation under the microscopesFurther confirmed via

xray diffraction and xray emission fluorescence analyses of numerous specimens
Mineralogy recognized featuring calcite dolomite brucite pseudomorphous after

periclase not infrequently with associated relict periclase present as well minorltrace

amounts varying among specimens of spinet forsterite magnetite phlogopite serpentine
talc hydrotalcite Featuring crystalline marble textures with traces of

variouslywelldevelopedfvague not infrequently patchy mineral and textural banding
in places Many truly exemplary classictextbook examples of periclase brucite
marbles were examined in specimens collected firom this locality As SMA was to observe even

more years later the Arctic Chief indeed features splendid periclase brucite marbles

While there were also other variations on the theme of carbonate rocks those we termed

calciphyres in the field Confirmed as such in the laboratory In addition to predominant
calcite characterization of other minerals microscopically supplemented by CD and

RF in these specimens revealed variously forsterite pyroxene magnetite spines
serpentine phlogopite chlorite clinohumite With relationships textures characteristic
of calciphyres Banding of varying rhythmic character likely attesting to metasomatic

activity manifested AIof these factors indicative of the probable magnesian skarn nature

of this locality As well as consistent with the concepts developed by SMA and colleagues

Also recognition of similar rhythmic banding in ore specimens Featuring magnetite
Isulphides and associated bandslayers of forsteritelserpentinel
phlogopite Further attesting to the magnesian skarn character of this deposit As

well as presenting significant evidence as to the genesis of these ores Per the SMA nodei

Also present in some marbles and calciphyres some rather small needlelikeshaped
black crystals Possibly the MgFeborate mineral ludwigite Such morphology being a

characteristic feature of ludwigite cf Ramdohr Uytenbogaardt and Burke Afeksandrov In

our specimens these crystals unfortunately too few and too small for informative XD

analysis Xray emission fluorescence spectrometry of bulk sample and partial concentrate

materials the samples proving not amenable to effective concentration of these needles for

CD or XRF analysis indicated relatively high iron contents Suggesting that the black mineral

could be magnetite Which is not uncommon rather characteristic actually as a

pseudomorphic replacement of MgFeborates As indicated in the literature by Ramdahr

Uytenbogaardt and Burke Aleksandrov Alf affording the speculative possibility of original

4
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needleshaped crystals of MgFeborate having formed as the mineral ludwigiten in these

rocks if so this would provide additional evidence supportive of the magnesian skarn nature of
the Arctic Chief locality As well as providing further insight into other petrogenetie and

geochemical particulars of its character

Similarities to the Lost River Brooks Mountain Tin Creek etc areas western Seward

Peninsula Alaska were striking Enhanced by samples and photographs from other localities

furnished by SMA during the course of our ongoing association since 1973

Thus in summary
The rhythmicbanding in rocks and in ores The mineraiogies The plethora of

minertogic petrologic geochemical indications as to the apparent magnesian skarnn

character of the Arctic Chief As gleaned from the collected vrorks ongoing
correspondence and firsthand personal experiences working with SMA

Further including as a matter of positions geologically spatially as observed in the

field the apparent relationships displayed at various scales from hand specimen up to

deposit dimensions of

igneous rocks generally of granodioriticdivritic character
calcicskarn materials pyroxene garnet
relative to the principal ore occurrences of magnetite and other oreminerals
the generally more diets calciphyres
relative to the furtherdistallypositioned marbles

Manifesting the sequence of geochemical events and geological relationships recognized and

elucidated by SMA and coworkers the positions and the processes attendant thereto

Summary of the evidence

Periclase brucite marbles

calciphyres with predominant calcite as well as variously forsterite pyroxene
clinohumite magnetite chlorite phlogopite serpentine spine etc

Possible pseudornorphs of magnetite after borates ie ludwigite
Ores of magnetitephlogopiteserpentineforsterite fsulphides
Rhythmic banding in rocks and in ores

Relationships and nature of successive magmatic postmagmatic
eventslmineralsfetc le prograde and retrograde respectively

Zonalitynposition and the character thereof Spatially geologically and

geochemically

Representing recognition in 1981 of the Arctic Chief locality as a magnesian skarn

accurrencerelated deposit With attendant implications as to geological petrological
geochemical and mineral resourcesconsiderations The principal geochemical determinant for

the presence or absence of the required magnesium for magnesian skarn formation being the
nature of the original precursorial host rocks intruded b the related igneous materials

A U S Bureau of Mines OpenFile Report was prepared dealing with the results ofi this198t

82 work A finaldraft copy of this report cf Mowatt and Mowatt1982 together with

fifes rock and mineral samples petrographic specimens and related analytical data were left

with the Juneau office of the Alaska Field Operations Center upon TCMs resignation from the

USBM in mid1982 Unfortunately this report as welt as the related sample materials files
and analytical data subsequently were lostwent missingn Perhaps similarly disappearing
completely upon abolishment of the U S Bureau of cE4ines by the U S Congress ca 1995

5
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CONTINUING STUDIES

Results from the ongoing work by SMA and hiscoleagues continued to appear in the technical

literature Summarized in particular by the publication of Aleksandrovscomprehensive
book Geochemistry of Skarn andOre Formation in Dolomites Initially appearing in 1990
in aRussianlanguage version an updated version was published in English in 1998 This

monograph the SMA 1998j book providing a valuable as well as timely integration and
summarization by a respected investigator An acknowledged authority with extensive
experience of fundamental research as well as applied nature with this complex subject

In combination with continuing correspondence exchange of books papers data samples
photos ideas etc with SMA over the years the synthesis afforded by this particular book

spurred TCM to revisit the Arctic Chief locality in 2004 upon his retirement and relocatiori
to Haines Alaska Though admittedly a certain Level of lingering professional frustration as

well as personal annoyance regarding the unfortunate disappearance of the previous
efforts of 19801982 might well have provided an additional motivating factor

Further strong incentive was the opportunity afforded to work with SMA acrossthe

miles providing him information samples literature etc from yet another locality to add
to the many others hedalready studied The subsequent work in Canada and the USA was

carried out at the personal expense of TCM Sort of an ad hoc postdoc opportunity as it

were though a rather low budgets one As well as an acknowledgement a professional
courtesy as it were to a valued colleague and mentor of longstanding

With the view to rexamining this minedout ore deposit in hopes of confirming or

perhaps improving upon the information obtained in the earlier lost study Field

sampling was done by TCM during the summers of 20042006 As before samples of bedrock

outcrop or pit walls as welt as associated rubblecrop and related float materals
were obtained Taken insofar as feasible from the same general areas of the Arctic Chief

west as had been sampled during the previous work A substantial collection resulted

All samples were subsequently examined further in preliminary fashion triaged by TCM

in Haines Utilizing hammer chisel hand lens acid bottle and a 30x60x stereo microscope
on rock surfaces freshlybroken and otherwise In some select cases also examining
grainsinoil materials using apersonallyowned petrographic microscope Deferring to SMA

the acknowledged authority for decisions as to thinpolishedsection petrographic
analysis etc as he might see fit In any case the lowbudget circumstances precluding
appreciable petrographic thinpolishedsection preparation and analysis by TCM

Selected triaged materials about one hundred specimens in all were then mailed to SMA
at the V L Vernadsky Institute of Geochemistry and Analytical Chemistry Russian Academy of

Sciences Moscow for examination evaluation and further analysis as he deemed appropriate
to his own ongoing research This latter work included hand specimen petrographic
microscope microprobe analysis etc of representative materials of particular interest

Following sections of this Part 1 of the present report deal with results of these examinations
evaluations analyses summaries comments and interpretations While Part 2 ofthis report
the DATA SUPPLEMENT addendum presents additional information sketch maps showing
general locations of sample sites abstracted field notes results of 30x60x stereo

microscope examination of samples petrographic microscope examination of selected

materials as grainsinoil analyses and other comments by TCM

6
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COMMENTS TGM REGARDING THE PAPER Gold Behavior during EndogeniC and

Supergene Alteration of Sulfides in Magnesian Skarns BY S M ALEICSANDROV
PUBLISHED IN GEOCHEMISTRY INTERNATIONAL 2Q07 VOLUME 45 No 2 pp
1 52y 69

In the context of the present report first and foremost among comments which might be put
forward is the observation that in portions of Aleksandrovs paper the results of our work on

the Arctic Chief IocaGty over the years are nicely summarized Representing the initiat

publication of this information in the open literature n addition to material from other

Sources his paper uses the results of our investigations to present the Arctic Chief as one of

several mineral deposits selected to exemplify aspects of the broader concerns discussed The

known occurrence of valleriite at this and other nearby deposits is particularly relevant
given the role of such hydroxisulfide minerals in several aspects of the geochemistry of gold
as well as platinumgroup elements as discussed in his paper

As evident from its title the paper overall is of a more general nature Quoting from the

informative Abstract The paper presents materials on the genesis of gold deposits of the

magnesianskarn association The materials presented in the paper characterize the

behavior of gold in the endogenic and supergene processes at magnesian skarn deposits

In addition as essential background information antecedent to dealing with its principal topic
the introduction and the immediately following Genesis and Zoning of Magnesian Skarns
sections of the paper pages 152153 offer a valuable and concise summary of magnesian
skarn per se from the viewpoint of a recognized authority on the subject

to the Introduction in the first two paragraphs besides commenting on the mineral
resources aspects of magnesianskarns also offering some other rather cogent observations in

the process Observations which from personal experience seem quite appropriate Since

they concern themselves with matters of fundamental significance to geological science In

pursuit of increased sophistication efficiency etc as scientists we continually need to
remind ourselves not to do disservice to the basics in the process Lest among other things
we fail to let the rocks speak for themselves as it were

The Genesis and Zoning of Magnesian Skarns section offers a veritable tourdefarce in one

page nicely summarizing the accrued knowledge experience and perspective of many years

many Iocalitiesdeposits many rocks and much thought on a complex subject Leading into the

following section by ending as follows
Sulfide ores including those with gold in hypabyssa skarns are very diverse and are

deposited during the postmagmatic stage selectively replacing compositionally diverse

metasomatic zones of the contact aureoles This can be illustrated by the example of the

Arctic Chief CuAu deposit Yukon Territory Canada

The next section Arctic Chief Skarns and Ore Mineralization pages 153156 then

proceeds to develop this theme utilizing information obtained from other sources

principally Tenney 1981 and Meinert 1986 as well as the results of our own studies

Among others one important point in particular seems worthy of special note here in thlS

commentary On page 154 Aleksandrov observes The magnesian skarns of the Arctic Chief

7
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deposit occur not only at contacts with the main intrusion but also around injections of
diorite melts into dolomites Fig 2 The rocks preserve their zoning and inclusions of Mg
ludwigite in the forsterite caiciphyres but contain no magnetite ore mineralization
associated directly with the fatter smlterfminor injections ie

illustrative of this his Figure 2 on page 156 offers a drawing of a rock specimen

This specimen happens to be the one designated TM04101222B104when it was
collected in the field at the Arctic Chief on Octoberl2 2004 at sampling locale 22B

Described by TCM in his triage phase of analysis as a VERY NICE SPECIMEN among
other comments This specimen was subseguenty sent in its entirety to Aieksandrov Studied
depicted and discussed by him Who also apparently found it a very nice specimen

Collected rn the near vicinity of a larger skarnfapophysisflens of tonguelike aspect
featuring zoned igneous and skarn materials within carbonate host rocks with green blue
rustyfcopperstaining present in places along its margins This larger feature is a

rather gaudyfspectacular one wellphotographed 2004 and later As well as

subsequently in 2006 collected in detail as samples TM06S222Cf maps
descriptions etc by TCM in Part 2 of the present report the Data Supplementu addendum

Location is at the northern edgemargin of the entrance cut of the Arctic Chief west pit
exposed up on the sidefwalt of the cut In the vicinity of the corefcrest of a tightfoverturned
fold in the carbonate host rocks Below map3 ie TM04693 locality

For additional information see the section of the present report below entitled FIELD

LOCATIONS INFORMATION GENERAL REMARKS TCM ON SAMPLES STUDIED BY S M
ALEKSANDROV REFER TO PART 2 OF THIS REPORT THE DATA SUPPLEMENT ADDENDUM
FOR SKETCH MAPS SELECTED SAMPLE DESCRIPTIONS OTHER DETAILS

Comments in earlier fetters SMA to TCPA ludwigite is in serpentinebearing marble TM

04101222B104 May be in contact with marbles you can see kotoite Mg3B032
Yau can see rhythmicallybanded textures that inherit and in magnetite ores The

best you can see in TM04101222B104 the sequence around diorites injection
in marbles exchanged altered dioritectinozoasite rim pyroxene skarnbanded
ludwigitebearing forsteritic calciphyrebanded periciase brucite marble

According to its caption this Figure 2 illustrates diorite injection in dolomite and zoning in

magnesian skarns Recognized as such in the field too Collected with precisely this
intent this specimen is used as an example in microcosm as it were of the general
relationships positions typical of magnesian skarns at various scales from hand
specimen as here through deposit scale Per the model for the geochemistry of skam
and ore formation in dolomites as developed and set forth by Aieksandrov and his associates

Providing further illustrative bonuses as observed and depicted this informative specimen
also features rhythmically banded forsterite caiciphyres and disseminated crystals of

magnesialudwigiten In addition to the other compositional and texture features characteristic
of magnesian skarns so nicely displayed in this one specimen

Collectively Letting the rock speak for itself as it were though an appreciation
comprehension understanding of the language is admittedly important to this

This Figure this specimen the evidence afforded suppiemened by Aieksandrovscomments
sufficiently informative to merit incorporation in the present report A key item

Thus this Figure 2 and its entire caption are reproduced below

8
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156 ALEKSANDROV
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The remainder of the Aleksandrov paper deals in some detail with the broader topic of concern
as to gold PGE sulfides and magnesian skarns Providing much material worthy of

further attention especially the role of hydroxisulfides of the valleriitetochilinite etc

genre note esp p160 comment rel brucitization etc with implications of fundamental

scientific as well as applied significance Summarized well in his Conclusions section

To our knowledge our work per Aleksandrovs discussion represents the first such

treatment at least published in the open literature of the Arctic Chief from this particular
viewpoint of the genesis of skarns and related ore formation As such it offers a somewhat

different perspective than apparently has heretofore been brought to bear on this subject at

this particular localitydeposit or in the Whitehorse Copper Belt or in the region

This would seem to be a perspective meriting more extensive appreciation consideration

application than previously has been the case Aleksandrovs comments regarding the Arctic

Chief based on informationdataderived from the other sources mentioned above as well as

our own demonstrate the apparent applicability utility relevance of this model to this

particular localitydeposit As well in the context of this model and its demonstrated

usefulness elsewhere suggesting possible implications with regard to skarn and ore formation

in this region too The SUMMARY AND CONCLUSIONS section of the present report below
also offers a bit more grindingoftheaxe commentary on this theme

With regard to the analytical and interpretive details Aleksandrovsfindings are in agreement
with the results tentative and otherwise of our initial work carried out in 19801982 on

the Arctic Chief see above Not too surprisingly of course given the background of the

professional relationships among the investigators

The subsequent work since 2004 confirming those earlier observations in general as well as

in most all of the details As well as importantly providing confirmation of the formation of

Mgludwigite at the Arctic Chief While adding a valuable increase in the levelofconfidence

in the previous analyses and interpretations with S M Aleksandrov the Principal
Investigator this time Including utilization of microprobe and other capabilities at the V I

Vernadsky Institute of Geochemistry and Analytical Chemistry Russian Academy of Sciences

Some selected comments etc from our 20042007 study of the Arctic Chief are presented in

the following portion of the present report These are intended to offer additional perspective
insights supportive information some relevant details etc in the context of our research

The section immediately below presents some of the general comments observations results

interpretations etc shared with TCM by SMA during the course of this investigation

10
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GENERAL BSERIIATlOlVS CGMMETS ETC F S M ALEKSAIRCVe

Selected portions of a letter from SMA to TCM Sept 14 2004

What say about samples Gf course this is Enagnesian skarn read article

sent by TGM with an earlier fetter by L llAeinert about Whitehorse copper
belt deposits 1986 that contain its characteristic analytical data for rock

forrning and orernlnerals and composition of intrusive rock see all tables in

his article Bold emphasis by TCM

As first result I think that temperature of skarn formation after dolomites IPi Cntact with

intruded granodiorite melts content 583Si02 was near 10000 after F G Smith The

granodiorite is product of assimilation of country rocks by overheating granitic melts see
my articles from 90s years The absence in skarns of rnonticellite zone are given possibility
to suppose its belonging to hypabyssal periclase fades of dolomite progressive rrzetasomatism

in magmatic stage see fig 16 17and 18 24 in my book1990

its zonaiity is granodiorite contactflpyroxene skarn with spinal forsterite skarn
forsterite calciphyre periclase brucitized marble host dolomites

AIearly pyroxenes are diopsides Di 90 mol but alt salites are secondary
postmagmatic new formed and content Fecomponent more as 10 up to 1420 mol

hedenbergite Forsterites are high Mg May be are black magnetite

Diopside spinal paragenesis on postmagmatic stage transformed in into a little Fecontent

phlogopite as also forsterite spine rocks too In the same time formed clinohumite after

forsterite in calciphyres Note valleriite in this time of process is absent it is low

temperature mineral C7nly at last stages clinohumite is altered into brucite and rnagnesite
fully losing F and appearance of sulphides may be doing its reaction with formation of

hydroxosulphides

Near intrusive rocks took place development postmagmatic secondary calcskarns after part
pyroxene zone of Mgskarn rocks with appearance salites vesuvian Mgamphiboles
actinolites after salite garnet andraditegrossulare composition and woltastonite near

granodiorite fig 63 in book Mgspine is transformed into gahnite

After granodiorite appear garnets of grossulare composition and Febearing epidote as

endoskarn minerals in postmagmatica associations

Sulphide mineralisation is next at the last ore step after secondary calc skarn and greisen

At low temperature minerals you can see are brucite after periclase serpentine after
forsterite and Mgchlorites after phiogopite The presence of valleriite in ores at Arctic

Chief up to 30 and North Star see Meinerts article Also see data of K Harada 1973
about Little Chief Yukon and W Petruk et al 1971

The name valleriite is going for honor Swedish mineralogist Prof G Walierius 1683i743
see Dana et al Sulphides
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About genesis and rote tochilinitevaileriite Are common low temperature minerals in all

pyrrhotite ar mackinawite basic rocks Mgskarns kimberlite gabbro dunites etc and in

its are tochilinite or haapalite as Nianalog in pentlandite ores The presence in those rocks

of Cusulphides is given start for formation valleriites for example Chamberlain J A
Detabio R N Mackinawite and vaileriite in the Muskox intrusion Amer Mineral 1965 v

50 56 682695 its formation after Au Ag Pt and Pdbearing sulphides assume

appearance free micron sizelscale particles of noble metals in mass of hydroxosulphides
The presence this shirt coating are giving big difficulty for sulphides flotation in extraction

process and evoke loss of Au and Pt

Probable these particles in hydrotherma and supergene conditions are easily soluble and

redeposited on larger metal grains as first steps for growth of nuggets

For Yukon climate is actual the presence of permafrost effect This is promoted to facilitates
increasing in many times concentration Au in rest solutions in ice freezing up t0

oversaturation and pass electrolytical reaction with redeposition as new gold of intermetal

compound see vaileriite article

New data about sulphides with Au and Pt from Mgskarns of world and vaileriitetochilinite
will be published in Geochemical International in 2004 5 see Lebedinoe Yakutia and

others and 9 and 2005 3 and oth and I will be send its for you

A few questions from me to you Tom if You permit

1 What are spatial geographic correlation lode and placer Au deposits in Whitehorse belt

2 Are or not any boron minerals in deposits in the copper belt

3 n copies of article that you sent me are very often data about presence in skarn hematite or

specularite that are very seldom for Mgskarns Probable this is MgFeboraces
ludwigite or huisite and its magnetite pseudomorphoses

4 From publications t know about presence MgFeborates ludwigite or huisite on Swift

River near Seagull batholith southern Yukon In contact zone Thompson R M from Univ

of B C see introduction in Petruk article and Gower L A have described MgFeborates
in sphalerite ores American Mineral 1954 v 39 56

Selected portions of a letter from SMA to TCM November 15 2004

Ali enclosed materials by D Tenney and others are fully interesting to me l am sure that

orebearing magnesian skarn may be more widely distributed in western Canada see article

about borates in North America Of course it is necessary to remember that near

contact with granitoids calcskarns minerals can have alteredlrepiaceel Mg
skarns and mask its presence but magnesian minerals forsterite
clinohumite phlogopite and periciase are corsstantly present in marbles

Emphasis by TCM

12

GMC DATA REPORT 3 44 Page 14117



Thank you for description to deposits near Arctic Chief in Whitehorse ore belt

About moiybdenite it is one last sulphide on gold skarn localities I encountered it in phfogopite
rocks in Eastern Chukotka in altered granodiorites in Yakutia and in pyraxenegarnet
skarns with Bisulphides and Au in HolICoI North Korey

Green micalike minerals in skarns may be cliritonite or phlogopite

About temperatures of initial granitic melts It in norms dry granitic melt with 72 SiQ2

T meth is near 8200 after F G SmithPhysical Geochemistryn who is giving data about T
melted dry magmatic rocks from gabbro t 250C up to pegmatite is a little more for melting
exocontact pyroxene skarn For it T must be near 12000 See articles 28 31 32 33

tn SMA BIBLIOGRAPHYpublications list sent in a recent letter to TCM See

REFERENCES section of present report For assimilation basic host rocks is necessary
presence highheated granitic melt What are any data

1 see in Russian translated the book iielrnut G F Winkler who give T

crysta6lized gabbro magma as 12000 syenitic 900C and 8007000 for

granitic that are similar with data F G Smith From Winklersdata T host

rocks is 1500 only The metasornatic process of alteratian of dolomite
started in halo intrusion under action magmatic Si and AIbearing solution and

give primitive skarn zonality as first stage process 300400C but not

150C The reaction CaMgC32 AligO CaC3 C2 is 6007Cf1Km
depths see fig 1 14 19 and 32 in my bock Emphasis by TCM

It is before the complication of zonality skarn column on stage of melting nearcontact rocks
that demand more high T and be accompanied with appearance new zones in column

monforsteritic and enstatitic as plus Mg from melted part of exoskarn The thickness of high
magnesian zones 12the same thickness melted skarnsThis process impossible on contact

with SOOC granitic melt As you think about this

Fram my practical work I see that near contact with skarn after dolomite granites may
transformed in granodiorite up to gabbro under assimiliation of skarn materiaN Qr may
be leucocratic granites too Alt progressive Mgskarn processes have place on contact with

magmatic melts After consolidation intrusion took place regressive transformation the

mineralogy of early formed skarns

The presence MgFe boraces on Whitehorse and other area is possible l send you copy ofi

Thompson Gower article

i send you my book in English 15th November bibliography articles published
in English and a copy of my former essay about ludwigites in first editionof

Geochemistry that received good compliment from W T Schaller many years ago
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Selected portions of a letter from SPlA to TCM March 15 200

You are doing the large investigation and supported magnesian skarn nature of

Arctic Chief It is good start for future regional observations in Canadian

deposits Emphasis by TCMj

First commentaries fore your samplesa Common look as also in Brooks

Mountain and Tin Creek Seward Peninsula Alaska in Arctic Chief rocles
Emphasis by TCMj

You can see rhythmicallybanded textures that inherit and in magnetite ores Thebest you
can see in TM04101222b104 the sequence around diorites injection in

marbles exchanged alteredjdioriteclinozoisite rimpyroxene skarnbanded

ludwigitebearing forsteritic calciphyrebanded periclase brucite marble in TM04

101222a134 and 131 and 102 banded phlogopitemagnetite ores in 126

serpentineforsterite rhythm in magnetite in TM046g42 is forsterite

calcite rhythm etc Underlining emphasis by TGMj

These textures have origin on progressive stage of metasomatic exchange of dolomites and

reflected in ores see book SMA 1998 pages 7787 It is nonequiisbrium process

My first question what is position these little fingerlike projections of diorites in marbles

find on contact with big main intrusive massif It projectionsjis shown in a few of your

samples You can see SimilaP features in a few figures in book SMA1998j from skarn

areas

PJext my second question Magnetite is absent near those injections in marbles What is position
magnetite ores in metasomatic contact They are only in immediate contact zone of big
intrusion

In your collection is splendid periclase marbles but in literature are not this

inormation

In many samtales in marbles and forsteritecalciteenvironment are a bit to

big black crystals of LUDWICITE see TM04101222b115 23110

23108 etc See Brooks Mountain This fully are not in literature about Whitehorse

copper belt

Underlining in above is original in letter from SMA bold emphasis added by TCVlj

Third In your collection I can not see monomineralic forsterite skarn only calciphyres You

check up this fact The presence the last monomirieralic forsterite skarn is possible after

magmatic melting of the pyroxene skarns see exchange types of zonality see it in book

SMR1998j

About typical lime skarn TM04OS092ofj pyroxenegarnet composition What is its

position with magnesian skarns I believe that it has postmagmatic origin from Sibearing
marbles What how much are sulfides in this type skarns Gr absent
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In forsterite marble TM046951 is spinal The part of pyroxenes is Abearing In
this situation is formed late phlogopites in rocks and ores

Conclusion Contact aureole at Arctic Chief was formed in nrmai dolomites tts

tonality is near the primitive type but it is iniof the hypabyssal periclase
facies see pages 3137 and fig 24 in book SfiAA1998 in the time of

progressive metasomatism of these rocks The first postmagmatic ore mineral
in marbles is ludwigite after forsterite formed clinohumite TMQ46S4
2 and phlogopite after spinet The part magnetite is inherit texture of

calciphyres other the same with phiogopite from pyroxenic skarns Ail
sulfides are late Emphasis by TCM

Inthitehorse copper belt are many deposits and prospects How manylwhat
proportion of these are seated in dolomitic rocks fonly part of this total what are the
differences in the composition of skarns and ores composition in notdolomitic environment
1hich of course is another matterstudy yet to be dealt with TCM

Selected portions of a letter from SMA to TCM June 16 2005

Answers to your questions
1 For study investigation all pure dolomites periclase marbles and

forsterite spinal caiciphyres it is very useful to see its weathering
surface You can see a1 silicates as prominences but in plae of
brucite will be caverns It is important to watch4Ef

Emphasis by TCM Remindful once more of the personalltearning experience on

Brooks Mountain in1973 recounted previously above
2 About magnetite ores in skarns Yes it is common in direct contacts with main intrusive

bodies but near magmatic injections in marbles are rare Presence iron you can see as

ludwigite or late sulphides pyrite and pyrrhotite
Magnetite is often replaced of silicates in skarns All iron is coming from solutions in

time of postmagmatically exchanged ironrich minerals in basic intrusive rocks

Only from leucocratic granitic magmas Fe is going on magmatic stage and giving
magnetites of syngenetic with the formation of magnesian skarn tonality see

book SMA199131
3 Monomineralic forsterite skarn zone indicates magmatic stage replacement of

magnesian skarns near intrusive rocks by melt Half thickness of monoforsterite
zone thickness melted skarns

4 Typical skarns are formed after postmagmatically changed silicate
hearing carbonate rocks After pyroxenes is formed zoning garnet

Arsenopyrite in sulphide ore can be ioellingite FeAs2l1 Check it1
Emphasis by TCM

5 The CaCO3 marbles in contacts with granodiorite melts are not

transformed into skarn Ca is assimilated by melts and involved in Ca

bearing minerals plagioclase hornblende and etc CO2 increases
Emphasis by TCM
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Selected portions of a letter from SMA to TCM June 25 2005

About dykes and its composition In cast letter I note about leucocratic hornblende quartz
monzonite dyke tis possible that monzonite from massif viii be more basic If this so well
then you can think that monzonite magma of massif is result of assimilation of host rocks and

primary melt was mare close to granitic composition and was superheated tast dykes from

deepest magmatic camera must be leucocratic In book SMA 7998 FicJ 13 is
illustrated this and similar with Arctic Chief locality Emphasis by TCM In
text epidote ciinozoisite Plus see green amphibole with plagioclase in quartzmonzonite
dyke TM04701223108 0 with pyroxenes and quartz

Selected portions of a letter from SMA to TCM January i 1 2006

I am believed that Arctic Chief and other deposits in Whitehorse ore belt are

best objects for investigation position and coning Mgskarns and ores in its

The understanding of genesis and mineralogy must be given the key in

exploration discovering new ore bodies in skarns and marbles and its
relation with placer accumulation of gold in Yukon region in all

Bold emphasis is by TCM underlining is by SMA

In my works 1 only want to demonstrate show that skarns after dolomites are
sources many metals and yaws materials in any parts of all world fcourse

in past and today its was minim and without this understanding but splay
applied geochemistry may be given good results for its prognose

Emphasis by TCM

Selected portions of a letter from SMA to TCM May 11 2006

Your commentary in letters best slides photographic from quarry and of

course the good samples has given me the possibility to support the magnesian
skarn nature of this Canadian FeCudepsits in Whitehorse ore belt

Your last samples is very besto its iiiustrateci of rhythmicallybanded
structure of metasomatites ll Emphasis by TCM

ther selected comments SMA

Periclase marble lie marble featuring brucite after periclase and

calcite f is the predominant host rock represented in the many
specimens studied Emphasis by TCM

Forsterite and lowF clinohumite occurs in caiciphyres
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Phlogopitemagnetite ores

Zoisite occurs after plagioclasepyraxene zone ar diorite in rocks studied

Irt comparison with the areas such as Lost River Brks Mounfain Tin

Creek etc on the western Seward Peninsula Alaska where SMA and TCM
wrked together in 1973 and 19797 at the Arctic Chief locality the situation
appears to be not as complec Emphasis by TCM

QBSERiiATINSN SPECIFIC SPECIMENS S M ALEKSANR

TM055251Q

Probably in this specimen is iudwigite in the marble pact near contact Frith forsterite
magnetite ore

Marble with iudwigite as black needles

i will be send you newjmicroprobe analytical data for sample TM055251C

marble with Ldw and magnetite ors

An excerpt from a letter from SMA to TCM May 1 i 2006 states All black

needles are pseudomorphoses magnetite after borates

Other minerals in this specimen
Mgbearing magnetite 90 FeO and 15Mg0
Dolomite 22 MgO 30 Ca0
Serpentine 36 MgO 3 FeO 45 Si02
Phlogopite altered to clinochlore with MgO Si02 and AI23
Talc MgQ SiO2
Are also FeMn species doiomitefankerite

Selected portions of a letter from SMA to TCM June 16 20D5

Ludwigite is in serpentinebearing marble TM04101222B104
very little May be in cntact with marbles you can see ktoite Mg3B032

Emphasis by TCM
Near monzonite plag and prx transformed into zoisite and calcite and prx into Mg

phiogopite
Ali periclase in marbles fully transformed to brucite with calcite its form is

pseudomorphic after periclase In these rocks are a few grains of forsterite and ciinohumite

In magnetite ores forsterite is transformed into serpentine near calciphyres or into other

silicates into Mgphlogopites after diopside Mgpyroxene is in TM041012

22A137 and actinolite 22B117 amphiboles 22A101

Green amphibole with plagioclase in quartzmonzonite dyke TM23108 110 with

pyroxenes
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ether comments n setected specimens SMA

TM04101223111
Skarned zone on contact with dike Content anorthite pyroxenes fassaites and garnet The

typical in contact magnesian skarn plagioclasepyroxene composition and secondary ily
transformed in into saitegarnet bearing associations

Microprobe analysis P671Saute plagioclase anorthite garnet grossularite
70 andradite 30 pyroxene

TM0410i2228104

Forsteritebearing brucite after periclase marble with calcite serpentine and

phlogopite
Microprobe analysis P672Forsterite serpentine brucite phlogopite

TM04101222B119

Brucitepericlase marble

Microprobe analysis P681Brucite with relicts of periclase and dolomite spinal
hydrotalcite after spinal and magnetite

TM04101222A11 3

Brucitepericlase marble with forsterite and clinohumite

Microprobe analysis P682Brucite and periclase some dolomite

TM04101223811 5

Brucite after periclase marble with forsterite

TM04101223110

Plagioclase rock with hornblende and pyroxene dike

TM04101223109

Clinohumite calciphyre with magnetite

TM04892Z

esuvianite idocrasepyroxenic typical barren skarn

TM04101222A130

Magnetite ore with phlogopite

TM04101223108

Plagioclase rock with amphibole dike

TM041012228141

Magnetite ore with serpentine

TM04101222A131

Magnetite ore with phlogopite magnetite is prismatic

TM 04101222A134

Magnetite are with phlogopite magnetite is prismatic
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TM04101222A132

Magnetite ore with phlogopite magnetite is prsmatic

TM04101222A135

Magnetite ore with phlogopite magnetite is prismatic

TM04101222A137

Diopsidic skarn with prismatic magnetite

TM04101222A133

Phlogopitemagnetite ore

TM041012A126

Rhythmicallybanded serpentinemagnetite ore

TM04101223106

Rhythmicallybanded serpentinemagnetite ore Serpentine after forsterite

TM04101222811 4

Rhythmicallybanded serpentinemagnetite are serpentine after forsterite

TM04101222A101

Actinolite in magnetite ore

TM04101222B11 7

Actinolite after diopside in magnetite ore

TM04101222A121

Phogopite in magnetite ore

TM051013

Rhythmicbanded marble with sulphides

FIELDLCATINS INFRMATION GENERAL REMARKS TCM ON SME

SAMPLES STUDIED BY S M ALEKSANDRVREFER T PART 2 F THIS

REPORT THE DATA SUPPLEMENT ADDENDUM FR MAPS QTHER DETAILSe

TM046942
Just across the pit entrance from locality 3 see insert below to the southish

Samples and photos some tee ooking northward at locality 3 and around the pit to

the west Samples essentially in placerubbleerop Note interesting structures in the

carbonate rocks and associated skarn materials across pit entrance as shown in these photos
T M 04 6 9 3 Location at west pit along northeast rim lust above the

entrance to the pit Samples in pace or immediately beow outcrops difficult to work on atone

Carbonate rocks nearadjacent to skarn calciphyresIthe skarn here

appears to occur as an apophysis an originally igneous corefcentral

portionprojectionfingerHenslike mass intofwithin the carbonates Analogous tois a

crushed zone cf SMA setting
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Dike rocks etc vs hard carbonate rocks Corttact between skarncarbonate
rocks Dikes plagioclasepyroxene rocks of SMA ef photos from across pit mouth
with view toward localities 3and 5 Some ofJ these dikes appear cf photos
from TM04694 locale to be tongues of skarnintrusive racks into the

carbonates
This Eocality is just southeast of locality 04651j

TEAfl46951

Just eastishof locality 3 see abovej on northeast side of pit Qutcrop and subcrop
samples skarns carbonate rocks etc Apparently some brown specks brucite after

periclaselandorspine in some of the carbonate rock samples These carbonate l
rocks apparently are more distal from the skarn lenspatchlintrusive
apophystsprojection exposure mentioned previously

However note endoskarndioriteic samples here thus the carbonate rocks
from 3and 4may or may not be more proximal than those from 5

Cf also the following quite speculative at o3est remarks musings on the outcrop
as it were streamofconsiousnessJ taken from todays field notes 9 June0431TM

04693 regarding dike rocks etc elsewherenearby
Relationship towithofthe mafic dikes Which fithotogtes porphyritic

light buffcolored phenocrysts of altered plagioclase f with greengrey fine

grained matrix the rocks are hardringingbellbanging when hammered producing
sharpedged fragments are in evidence in rubbiecrop here

Might these socalled dikes actually represent marginal portions offshootsborder

zoneschillsirapidtytooted variants of the main granodioriticgranitic magma
perhaps modified via contaminationbasification by assimilationreaction with intruded

rockscarbonates cf TM046932 an apparent plagioclase pyroxene rock of

interesting saltandpepper aspectpossiblylikely igneous texture this main

magma responsible thermally and geochemically for the bulk of the

metamorphismmetasomatism at the AC

Are these dike rocks andor theany other skarn rocks here at this sample
sitelocality at least in part endoskarn at least in a certain senseone sense or another
Fine grainedporphyritic rapidlycoaledquenched variants of a dioriticmore mafic

magmatic type With plagioclase phenocrysts having formed initially during
basification of the main magma at the periphery of the main intrusive body and

quenching of the matrix subsequently during injection into country rocks as basified
magma at elevated temperatures With perhaps some or perhaps relatively littlenone
metamorphicmetasomatic effects even at the relatively high temperatures likely extant due
to the relatively small volume of these meth materials as well as perhaps the physical
conditions leading topermitting their migrationintrusion into the country rocks on adjacent
surrounding country rocks into which this partiadly crystallized mafic melt was

intruded e relatively rapid intrusion perhaps due to tectonic activityfracturing of

country rocks with attendant pressure droplrelease cooling etc

Perhaps aided and abetted in their distribution emplacement cooling and solidification by
structuraltectonic eventsfeatures in particular fracturesffracture zones perhaps related
to the contraction phenomenon associated with the evolution of the main magma bodyies
as discussedespoused by Aleksandrov ie perhaps representatives of the main magma
extant at depth subsequent to the metamorphic and metasomatic eventsconditions attendant to

the formation of the skarns and related mineralization
Longiived or perhaps only relatively shortfivedj tectonic crush zones ie

Featuringaffording porous and permeable zones reduced pressures Eocalty andlor for
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relatively brief periods of time perhaps facilitating migrationflightescape of more
basicess silicic higher temperature lower viscosity melt materials as fugitives in a

sense from the bulk heat source of the main magma body With or withoiEt assistance from
tectonic manifestations related to physical differences in main magma body versus surrounding
rocks in addition to heat differentialsgradients

s the somewhat casual treatment of these dikes etc especially in terms of their
influencerelevanceisignificance with regard to the main magma andor metamorphism
metasomatismmineralization as dealt with in the extant literature perhaps worthy of some
reviewfreconsideration While of course there may well be a variety of types and

compositions of apparent dikestongueslensesapophyses involved here

NOTIONS WORTH LOOKING INTO FURTHER

Cf below locality 4 photos some tele from opposite south rim of pit
featuring views of locality 3 j

Localities todayldiscussedabove are atE outsideonthe periphery of the westernmost
pit of the two pits to be seen here at the Arctic Chief AC ie the AC west pit

TM04892

Garnetpyroxene skarn specimens collected from rabbisfloats likely out

ofplace at map location Z from atop the northeast rim of the AC west pit

TM04892Z

Garnetpyroxene skarnn ore specimens collected from rubble crops
likely not far from bedrock source atop the the southeast rim map location 21 of

the AC west pit
Garnetpyroxene skarn samples collected feature occasional patches of orange

pink carbonateaicite and other minerals present in minor amounts One specimen
representative of this gaudy skarn examined by SNIA was summarized as vesuvianite

idocrasepyroxenic typical barren skarn

TM0410122Ae

Samples some banded of ore ie magnetite barnite chalcopyrite
as well as other lithologies from the AC west pit Locality map 22A is uphill

on the south side of the pit entrance in approximately the same location as the TM694

area Rubblecroprubble samples Some samples likely essentially inplace Several in

placerubblecrop specimens of skarn ores and other lithologies were obtained from map
location 22

TM041Q1222

Samples some banded of ore ie magnetite bornite l ehalcopyrite
jas weft as other lithologies from the AC west pit Locality is map location22B
in the pit entrance and beyond inside the pit Subcroprubblecroprubble samples Some

samples likely essentially inplace Several nonore specimens of skarn etc same from

below the TM04653area

TM0410222B104 EIExzxxllll
This is the specimen sent in its entirety to SkR Aieksandrov Studied by him depicted and

discussed in his paper Gold Behavior during Endogenic and Supergene Alterations of Sulfides
in Magnesian Skarns in Geochemistry international 2037 Cf the References section of
the present report as well as the section above containing commentis by TCM on this paper
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Described in his triage phase of analysis by TCM as a VERY NICE SFEClMEN Collected

as subcrop in the near vicinity of a larger skarnfapophysisllens of tonguelike aspect

featuring zoned igneous and skarn materials within carbonate host rocks with green

blue copperstaining present in places along its margins gaudy rather spectacular well

photographed 2004 and later as well as subsequently in 2008 collected in detail as TM

068222 Cf TCM descriptions etc in the Data Supplement of the present report
Location at the northern edgemargin of the entrance cut of the Arctic Chief vuest pit up

on the wall of the cut In the vicinity of the corelcrest of the tighVoverturned fold in the

carbonate host rocks Below map3 ie TM04693 locality

TM04101223

Samples of granitics ores and other lithoiogies The granitics likely represent
casted andor rubblecrop materia from the southern headwall area of the AC east pit
The other samples appear more likely to represent materials ofderived via downhill

movement from rocks peripheral to the eastern rim of the AC west pit Map locality
23 Below and approximately eastnortheast of locality TM04694 and map locality
22A

TAAOs2a1

Samples from TM046S3lmap area C lie 3 locale Olken rocks
ete vs hard carbonate rocks Contact between dikeIskarn1carbonates rocks

These dikes appear cf photos from TM04694locale to perhaps be tongues
of intrusivelintrusiverelated skarn rocks into the carbonates Or rather

merely dikes from magma intruded eitherforfali prior to fduringlsubsequent to the

main magma events which were responsible for the formation viz metamorphism and

metasomatism of the skarns and ore mineralization rrather bothalof these

Samples represent outcroprubblecrop materials either inplace or net at all far from

being actually inplace Many of these specimens were obtained inplace at some varying
degrees of awkwardnessnlhazard from the very brink of the overhanging pit rim

Specimens of carbonate rocks porphyritic as well as more equigranular dioritic
igneousappearing rocks this locality is at the massive exposure not the bird

exposure cf photos and legends 2004 skarns with magnetite t Some examples of

lensesintrusionszones featuring garnet pyroxene magnetite adjacent to carbonate

host racks Some photos of latter occurrences
These rocks occur in a threepart or more sequence from from left to

rightsouthish to northish cf photos the igneousdike rocks through a

black material interval and thence into whitishlight grey carbonate rocks

There is somea fair amount of smallerscale intermingiingfl between adjacent zones of

this sequence cf samples Some interesting structurestextures are manifest in some of

these specimens The black interval appears megascopicallyifrom adistance to perhaps
represent at least in part a sheared interval with apparent slickensides etc noted on

closer examination in places The blackishn material appears at least in part to be chlorite

Scenarios for this 6ocality might include

1 Black materialzone contact metamorphicmetasomatic productsof dike magma

intrusive into the carbonate rocks the carbonates either previously unaffected by skarningn
eventsfmetaprocesses prior to intrusion of dike magma

2 Black materiaitzone a zone of shearcataclastic materiaislgouge resulting from
structural movement and attendant deformation along the dikelcarbonate rocks contact zone
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subsequent to solidification ofdike rocks with similar possible scenarios as suggested In 1
above as to naturetimingsequence of metamorphic andor metasomatic effectsevents

3 Qike magma coeval with or an apophysis of the main magma which was

responsible for the overall contact metamorphismlmetasomatism of the AC west deposit and
related surrounding rocks Or subsequent to this Or prior to this A reasonable

guessinterpretation suggests that the dike magma is indeed an offshoot of the main magma
from the relationships observed at this locale in particular

Some other observations at this locale C seem worthy of note as well
A Some distance from this vantage point in an approximately northwest direction apparent

greygreen rocksmaterials can be observed to occur at and near the top ofthe steepy
dipping sheerfaced North wall of the pit These greygreen rocksmaterials might well
be on trend with the massive exposure ie at locate C andlor the bird dike rock

also greygreen in aspect exposures at the NE pit corner rim area and the N
entrance to the pit respectively cf 2004 photos as well as photos taken this date

Or these greygreen rocks near and at the top of the N pit wait might
alternatirely be a continuation across the pit ie of a possible dikelintrusion exposed
in the the SSE wall of the pit adjacent to the carbonate rocks of locale map4 This
possible dikeintrusion in the SSE wall of the pit is aVshapedn feature with
reddish margins shown rather well in photographs 2004 2Q05 from the NNE rim of
the pit looking approximately south

B Also note photos of the abovedescribedVshaped feature in the SSE wail as taken
from the NE corner area on 25 May 2005 Note especially those featuring the carbonate
rocks of map 6ocality 5 with the apparently ontrendequivalent carbonate rocks of

map locality 4 in the distance across the pit entrance with theVshapedp feature to the
west of the carbonates in the SSE wall of the pit

C Need to revisitchecksample the rim above thisVshaped feature as wail
as the pit below it unfortunately the pit steep wail itself further threatenedendangered by
its overhanging rim is not readily accessiblefsampled inplace ThisVshapedfeature
actually may rather be an unmined vestige of the magnetite forebody or both igneous
rock and skarn ore Subsequent sampling inside the pit suggests the latter to be the

case
Also took other photos from site C and of the site itself as well

TM05sZSiO

Probably in this specimen is iudwigite in the marble part near contact with

forsteritemagnetite ore

Marble with iudwigite as black needles SMAEmphasis by TCM

TMOs103a

Rhythmicbanded marble with sulphides SMA Locality is map location
228 Samples some banded of ores ie magnetite fbornite chalcopyrite
tas well as other litholagies from the AC west pit Locale is in the pit entrance as

well as beyond inside the pit Rubblecroprubble samples Some samples essentially in

place Several nonore specimens of skarn etc some from below the TM04693
area
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SUMMARY AND CONGLUSIONSe

The present report is intended to convey the following points

These imEestigations were pursued in the context of concepts regarding skarns which have been

developed and elucidated over many years As summarized and presented by S M Aleksandrov
in his monograph Geochemistry of Skarn and Ore Formation in Dolomites 1998 and also
dealt with in numerous other contributions to the technical titeratire Including his recent

Geochemistry International 200 paper a portion of which features the initial publication
of our work on the Arctic Chief and results interpretations derived therefrom

Provide a statement of the recognition and confirmed occurrence of periclase brucite
marbles at the Arctic Chief west locality

Comment on the significance of the formation of periclase brucite marble in terms of the
results of experimental petrology known phase relationships etc Note the importance of this
in the context of this locality and elsewhere

Emphasize that the formation of periclase as welt as its partial to apparently complete
replacement by brucite both provide substantive insights as to petrogertesis geochemistry
geological relationships and mineralization of potential value in a number of ways

Observe that this apparently initial recognition of periclase brucite marble at the Arctic
Chief west suggests that perhaps further reinvestigationreconsideration is merited of

these as well as associated rocks skarns and mineralization in the area the region and
elsewhere Such periclase brucite marbles and associatedrelated materials

perhaps likely lurkingasyetunrecognizedundetectedunsought elsewhere in this
and other regions With attendant implications regarding any such yettoberecognized
occurrences

Provide as well the intial reported recognition of the presence of catciphyres at the Arctic
Chief west locality Marblelike rocks of predominantly carbonate composition
featuring a number of key mineralogical geochemical and textural characteristics as well as

spatial relationships indicative of a magnesian skarn situtation Displaying typical banding of

variously rhythmic character attesting to metasomatic activity

Note also the initial reported recognition of similar rhythmic banding in ore
specimens featuring magnetite sulfides and associated bandsflayers of

forsteriteserpentinephlogopite Further indicative of the magnesian skarn

character of this mineral deposit While also affording significant evidence as to the nature of
the deposition of the ore materials

Provide the initial reported recognition of the formation with subsequent pseudomorphous
replacement by magnetite of MgFe borate minerals Mgluclwigite in rocks at the

Arctic Chief west This is of relevance as additional evidence as to the magnesianskarn
character of this locality and is also of decided interest in a number of other ways
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Thus to our knowledge this work has resulted in the first recorded elucidations and

confirmations of the presence of periclase brucite marbles associated calciphyres
rhythymic banding in rocks and in ores as well as the occurrence of MgFe borate minerals
of the ludwigitevonsenite series at the Arctic thief west or elsewhere in the Whitehorse
area

Compositionally texturally spatially manifesting the sequence of geochemical and geoogica
events relationships recognized and elucidated by Aleksandrov and coworkers the

positionsand the processes attendant thereto As recorded in evidenced by the rocks
and the ores

Featuring as a matter of position geologically spatially as observed in the field the

apparent relationships displayed at various scales up to deposit dimensions of

igneous rocks of granodioriticdioritic character

calcicskarn materials pyroxene garnet
relative to the principal ore occurrences of magnetite and other oreminerals
the generally relatively more distal calciphyres
relative to the furtherdistallypositioned marbles

IndividuaPly and collectively these factors provide clear evidence of the magnesian skarn
nature of this locality As well as being consistent with the concepts developed by Aleksandrov
and colleagues

Supporting a suggestion here for consideration of the foregoing in the ovoral context of

skarns related mineralization etc Advancing a recommendation for reconsideration of

at least somecertain aspects of skarn and related ore formation As weal as

implications geologic petrogenetic geochemical mineral resources Per Aleksandrov
1998 2007 and numerous other contributions to the technical literature

The Arctic Chief west locality is demonstrably an example of a magnesianskarn As our

work has further shown in particular it features a version of primitivetype zoning in

this case developedformed under the geological conditions of the hypabyssal periclase
facies as considered in the context of the mode of skarnaformation elucidated and refined by
Aleksandrov and coworkers over a period of many years

This model merits attention regarding the nature and origins of skarns particularly with

regard to those associated with host rocks of dolomitedolomiticmagnesiumrich
character It affords a valuable conceptual as well as substantively based framework of
theoretical background fundamental knowledge and relevant experimental work As well it
offers ample evidence the Arctic Chief as just one example from a wealth of experience and

analytical work supportive of the validity of this approach to the genesis of skarns

Appreciation and utilization of this model ought to be an essential aspect of investigations
intended to further the understanding of such geologic occuneraces In turn potentially
yielding insights of more practical value in the exploration for evaluation of and

production of mineral resources from deposits related to magnesian skarns Such has been the
case in many areas worldwide as attested to by the experiences of Aleksandrov and associates
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Further pursuing this theme grindingoftheaxeR to our knowledge our work per
Aleksandrovsdiscussion in his 2007 paper represents the first such treatment at least

published in the open literature of the Arctic Chief from this particular viewpoint of the

genesis of skarns and related ore formation As such it offers a somevrhat different perspective
than apparently has heretofore been brought to bear on this subject at this particular
localitydeposit or in the Whitehorse Copper Belt or in the region

This would seem to be a perspective meriting more extensive appreciation consideration
application than previously has been the case Aleksandrovscomments regarding the Arctic

Chief based on informationdata derived from the other sources he cites in addition to oer
own demonstrate the apparent applicability utility relevance of this model to this

particular localitydeposit As well in the context of this model and its demonstrated

usefulness elsewhere suggesting possible implications with regard to skarn and ore formation

in this region too

Qur 20042007 investigation also resulted in recognition of same interesting occurrences of
molybdenite and other mineralization in areas near the Arctic Chief Aspects of this are

discussed in Part 2 of this report the Qata Supplement addendum

Implications of anyail of the above points locally elsewhere in the lhitehorse Copper Belt

and environs as well as regionally remain to be evaluated As may be appropriate pursued
further

Per our late lamented colleague R S Dietz who once told me that he

always liked to try putting a little different spin on things

Communication regarding this work should be addressed to

Thomas C Mowatt

Post Office Box 1438

Haines Alaska 99827 USA
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AbstractThepaper presents materials on the genesis of gold deposits of the magnesianskarn association It
is demonstrated that sulfides are precipitated at these deposits late in the course of the mineralformingprocess
and often contain visible and fine gold Postsulfide mineralforming processes resulted in the widespread
development of hydroxisulfides tochilinite and valleriite in highMg rocks and borate ores affected by serpen
tinization brucitizatin and szaibelyitization The newly formed hydrosulfides inherit gold from the replaced
sulfides The endogenic or supergene decomposition of tochilinite and valleriite in endogenic and supergene
environments stimulates the dissolution of the finegrained gold and its remobilization first by hydrothermal
solutions and subsequently by meteoric waters The possibility is discussed of the later regeneration of gold
as a consequence of electrochemical processes or at geochemical barriers The deposition of newly formed
gold in weathering crusts and placers is discussed along with the significance of this process for assaying the
potential of the weathering crusts and placers It is emphasized that a significant role in this process is played
by cryogenic processes which can increase gold concentrations in naturally occurring solutions and facilitate
its later regeneration The data presented in this paperare compared with data on gold and PGE deposits ofother
genetic types which are hosted in ultramafic rocks and carbonatites ierocks petrochemically similar to mag
nesian SkarnsIt is demonstrated that the occurrence of hydroxisulfides in the ores is a significant geochemical
and technological problemduring the exploration for sulfide ores and their mining and processing The magne
sian skarn ores of the deposits discussed in this publication were determined to be a significant source of both
primary and placer gold and perhaps PGE also The materials presented in the paper characterize the behavior
of gold in the endogenic and supergene processes at magnesian skarn deposits
DOI 101134S0016702907020048

INTRODUCTION

Contact metasomatic mineral deposits localized in

magnesian Skarns are characterized by a broad spec
tram ofmineral resources large deposits ofiron boron
tin tungsten beryllium lithium base and precious
metals etc as well as economic deposits of sellaite
fluorite phlogopite brucite nephrite minerals utilized
in the ceramic industry and as abrasive materials gems
and colored stones Marbles and calciphyres are used in
cement production This genetic group ofskarn depos
its still remains however poorly examined as also is
the potential of these deposits as sources ofgold and

accompanying PGE

The main reason for this is the still inadequate scar

city of information on the chemistry and lithology of
the host carbonate rocks which are often combined in

geological practice under collective names of lime

stones or marbles without determining their Mg con
tents their affiliation with certain types and the charac
ter oftheir metasomatic alterations Consequently even

at thoroughly examined deposits there is often no clear
classification oftheircarbonate rocks with limestone or

dolomite whose distinguishing is a problem of great

applied significance for the exploration and revision of
skarn mineral deposits

Magnesian Skarns are formed via the metasomatic
transformation ofdolomite in contact with magmatic
melts No ealcic skarns develop after dolomites during
the prograde stage and when more mafic and ultrama
fic melts are emplaced Skarns at their contacts consist
of abyssophobe hightemperature minerals larnite
spumte and others Calcitic rocks and even dolomites
are transformed during the postmagmatic stage into
caic skams wollastonite saute hedenbergite and gar
net types and rocks with rhodochrosite compose their
manganoan varieties

Sulfide ore mineralization is precipitated late in the
postmagmatic oreforming stage and is typical of all

types ofSkarns This research is centered on magnesian
skarn gold deposits in eastern Transbaikalia 2heleznyi
Kryazh Bystrinskoe and Kultuma ore fields Aldan
Shield Norilsk and the northwestern Baikal area in
Russia at the Hol Kol and Suan region deposits in
North Korea and the Arctic Chief in the Yukon Terri
tory Canada the samples ofores and Skarns were made
available for us by courtesy of TC Mowatt of the
United States Geological Survey
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We also used our original materials as well as those

of other researchers on magnesian skarns in Central

Asia and the CarpathianBalkan region which were

determined to contain sulfides with gold also These

data were compared with materials on genetically dis

tinct occurrences of precious metals in highMg rocks

A feature common for all of these deposits is the devel

opment ofpostsulfide mineralization in the gold ores

in the form ofhydroxisulfides tochilinite and valleriite

GENESIS AND ZONING OF MAGNESIAN

SKARNS

The types of skarns recognized according to the

lithological compositions of the replaced rocks differ

not only in their mineralogy but also in many other

genetic aspects Because of this Korzhinskii 1
regarded bimetasomatic andcontactmetasomaticmagne
sian skarns as an individual petrochemical association
which is genetically related to the replacement of dolo

mitesand magnesites as wasproved at numerous deposits
in Russia China and othercountries27

Progradestage magnesianskarns replacedolomites
ai contacts with magmatic melts of various composi
tions from granites to dunites 5 They are character

ized by clearly pronounced metasomatic zoning which

reflects the introduction ofmagmatogenic Si AI and

partly Fe Intrusive rocks and their injections occur in

direct contact with the outercontact rocks contain

their xenoliths and were not skarnified during this

metasomatic stage

The developing metasomatic aureoles have different

complicated inner structures which werecontrolled by
thePT parameters under which the hypabyssal skarns

developed from the periclasefree metasomatic facies

to the gehlenitemerwinite and even spumtelarnite
facies The magmatic replacement mechanisms of

dolomites are also different they can be infiltration

controlled when the magma near the contact does not

change its composition or diffusioncontrolledassoci

ated with an increase in the basicity of the magma from
granodiorite to gabbro andor its alkalinity up to

nepheline syenite as a consequence ofthe assimilation

of the host rocks by the magma 7
Existing data on economic copper and gold skarn

deposits 8 9 indicate that these deposits are genetically
related mostly to intrusions of elevated basicity The Si02
concentrations in granodiorites and diorites vary from

595to 49 wt and these rocks contain255wt MgO
6511wt CaO58101wt FeL034826wt

Na20 and2506wt K20 respectively
The spatial restriction of gold deposits to the outer

contacts of intrusions of this composition is clearly pro
nounced in theAltaiSayan region eastern Transbaika
Iia CentralAsia 8 10 11 Canadian Cordilleras 9 12
13 and the Rocky Mountains in the United States 14
as well as in several other areas around the world where

goldbearing magnesian skarns were found 14 15 as

GEOCHEMISTRY INTERNATIONAL Vol 45 No 2 2007

for example in the Asian portion of the Pacific Ore

Belt

Compared to normal granites with 72 wt SiOzthe
rocks of the succession granodiorite diorite

gabbro contain more mafic minerals biotite pyroxene
amphiboles and magnetite which are able to concen
trate ore elements during magma crystallization and

alterations by postmagmatic processes which modify
the original compositions of magmatic rocks and can

produce ore mineralization

Magmas of intermediate basicity with Si02 concen

trations specified above are higher temperature than

granites The data in 16 on the melting temperatures
of anhydrous magmatic rocks as a function of their

silicity indicate that rocks of intermediate composition
melt at 12201025Cnormative granites melt at

approximately 800Ctheir leucocratic varieties melt at

even lower temperatures and dunites melt at 1300C

Skarns develop in dolomites during the heating of

the host rocks under the effect of transmagmatic fluids
before the emplacement of the melts Consequently
contact skarns are formed at temperatures close to those
of magmatic melts which assimilate dolomite marbles
that have already been metasomatized This is reflected
in the mineral assemblages of the rocks and in the
absence ofchill zones in the intrusive rocks in contact

with magnesian skarns at the deposits discussed in this

paper

The skarns with gold ore mineralization considered

here are hypabyssal 5 and hence their metasomatic

aureoles are characterized by primitive zoning grano
diorite fassaite andor diopside skarn spinel
forsterite calciphyre spinel brucitized peri
clase marble dolomite marble This zoning can be

more complicated in contacts with diorites and gabbro
with the appearance of zones made up ofhightemper
ature abyssophobe minerals periclase marbles and
monticellite skarns 1719 These magnesian skarns

ubiquitously contain no quartzbearing associations
which occasionally occur in the overprinted calcic

skarns and their greisenized varieties The skarn bodies

are localized in the contact zones of the intrusions and
marbles andor form steep veins stockworks and

chimneys up to 400m long in the latter 5

Sulfide ores including those with gold in hypabys
sal skarns are very diverse and are deposited during the

postmagmatic stage selectively replacing composition
ally diverse metasomatic zones of the contact aureoles

This can be illustrated by the example of the Arctic

Chief CuAu deposit Yukon Territory Canada The
materials on this deposit were provided for us by cour

tesy ofTC Mowatt of the United States Geological
Survey His collection of ores and rocks represents
magnesian skarns from deposits in the Whitehorse cop

per belt in the upper reaches of the Yukon River where

gold placers are also known
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ARCTIC CHIEF SKARNS
AND ORE MINERALIZATION

ALEKSANDROV

In contrast to magnesian skarn deposits in Russia
l8 and others their analogues abroad were studied
relatively poorly Literature dataon the Whitehorse belt
are scarce 12 13 It is known that primary lodes
mined in 19671982 yielded 10 million tons ofores
that contained 121600 tons ofcopper97 tons ofsilver
and 77 tons of gold The dumps of underground and
opencast mines 9 million tons are thought to contain
15tons ofAu whose contents in the slimes can beas high
as 250 ppm These 32 deposits including minor ore

occurrences are under exploration and considered
promising as prospecting targets for Cu Au and Ag
The ore mineralization is hosted in Triassic rocks domi
nated by dolomites whereas the quartzites arkoses
graywackes and younger porphyry dikes are barren 12

The gold contents in sulfides from the Arctic Chief
and related deposits vary 12 13 Chalcopyrite from the
ArcticChief deposit occurs in association with gold ofthe
composition 92298802 wt Au 1152740wt Ag
and021040wt Cu and contains 02wt Au and
the bornite and chalcosine contain004 wt Au each
Valleriite a younger hydroxisulfide from the North
Star deposit contains 005 wt Auie as much as in
the bornite005006 wt whereas the chalcopyrite
contains no Au at all 13

The deposits of the Whitehorse copper belt Arctic
Chief Little Chief North Star and others are
restricted to the western contact ofthe intrusion and are
hosted by metasomatically altered dolomites Fig 1
In the aureoles of the massif ofbiotitehornblende gra
nodiorites and diorites these rocks are transformed into
magnesian skarns whose genesis and mineralogy are
still known inadequately poorly Geologists paid much
attention to the composition ofthe Au andAgbearing
Cu ore mineralization 12 13 The results ofthe exam
ination ofskarn and ore samples from TC Mowatts
collection 100 samples allowed us to partly bridge
this gap

The dolomites of the Arctic Chief deposit are

monomineralic and were progradely transformed dur
ing the magmatic stage into snowwhite periclase mar
bles affected bybruitization They compose the outer
zone ofthe contact aureole of the granodiorite massif
whose contact zones consist of hornblende diorites
Closer to the intrusion marbles give way to a zone of
forsterite calciphyres with locally occurring boron min
eralization which wasnot found by previous research
ers The MgFe borates are aggregates of ludwigite
crystals

These rocks give way to magnetite ores At the
boundary with the calciphyres these ores contain for
sterite and show a clearly pronounced rhythmically
banded structure with repeatedly alternating monomin
eralic bands offorsterite and magnetite Note that anal
ogous structures which were produced already during

the prograde metasomatic stage in dolomites also
occur in the periclase marbles and calciphyres

The magnetite ores are ofpostmagmatic genesis as
follows from the selective replacement ofthe carbonate
constituent of the calciphyres by iron oxides and the
preservation of the early forsterite The rhythmically
banded structures ofmetasomatites and ores weredem
onstrated 3 5 and others to have been produced bythe thermodynamically unequilibrated process ofdolo
mite replacement According to LR Prigoginestheorythis is reflected in the spatial selforganization of the
minerals A necessary precondition of this process is
the higher rates of the mineralforming reactions than
the inflow rates of endogenic fluids into the skarnified
dolomites 3 5

Closer to the intrusion the mineralogy of the mag
netite ores that replaced the nearcontactpyroxene zone
ofthe aureole changes The ores there contain variable
up to significant amounts ofphlogopite which partly
or completely replaced the spinetdiopside skarns The
barren varieties ofthe latter are in physical contact with
the intrusion The metasomatic zoning of the Arctic
Chief skarns is generally characterized by the inherit
ance of the MgCa ratio in each zone excluding that of
magnetite from the pristine dolomites The structures
and compositions of all zones correspond to the PT
conditions of the periclase hypabyssal facies 5

The magnesian skarns of the Arctic Chief deposit
occur not only at contacts with the intrusion but also
around injections ofdiorite melts into dolomites Fig 2
The rocks preserve their zoning and inclusions of
Mgludwigite in the forsterite calciphyres but contain
no magnetite ore mineralization

During the postmagmatic stage the zones of the
contact aureole of magnesian skarns are replaced by
magnetite ores newly formed Mgbearing minerals
including endogenic borates and later calcic associa
tions The latter developed in the pyroxene zone in
intrusive rocks in contact with the skarns and in the
vein diorites The overprinted associations of the pert
claw marbles consist ofbrucite pseudomorphs and in
the calciphyres ofclinohumite which locally replaces
forsterite is syngenetic with the ludwigite and con
tains 25 mot of he vonsenite end member The
pyroxene zone contains phlogopite and younger salite
which bears 1522wt of the hedenbergite end mem
ber 13 vesuvianite and tremolite The calcic skarn
minerals developing after the intrusive rocks are clino
zoisite epidote and scapolite Analogous transforma
tions of the mineralogy of rocks are also typical of the
contact zones of many magnesian skarn deposits 5
and are commonly identified in the American Iiterature
with postmagmaticstage calcic skarns proper 13
Ai deposits in the Whitehorse belt 12 13 the latter
are barren substratiform bodies ofsalitegarnetcomposition They are bimetasomatic in genesis and replace
silicatebearing dolomite intercalations in the carbo
nate sequence
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Fig 1 Whitehorse copper belt and the Arctic Chief deposit in the Yukon Territory Canada 17 aWhitehorse copper belt
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Fig 2 Diorite injection in dolomite and zoning in magnesian skams Arctic Chief deposit sample of TC Mowatt 1Dioritereplaced by 2oisite Zo 2phlogopitediopsideskam Ph3diopside skarn Di4rhythmlically banded forsterite calciphyreFoCa 5disseminated crystals of magnesioludwigite LdMagnification 25x

Sulfide ore mineralization at the Arctic Chief and
other deposits in the Whitehorse belt is overprinted
onto the skarns and magnetite ores It consists of lean
pyrrhotite disseminations in marbles and calciphyres
and of pocketdisseminated Aubearing pyrrhotite
chalcopyrite and Agbearing bornite ores with chal
cosine in magnetite bodies The ores also contain elec
trum native Ag and subordinate amounts oftennantite
tetrahedrite and Co Bi andTebearing minerals The
chalcosine in association with electrum contains up to
054 wt Te 1213 The ores sometimes contain molyb
denite TCMowatt personal communication in 2004

The younger mineralforming processes resulted in
the replacement oftheMgbearing minerals by brucite
serpentine and talc These processes at the Arctic
Chief Little Chief and North Star deposits were
related to the development of valleriite after the gold
bearing sulfidemagnetiteores 13 20 21J

The oxidation zone of the sulfide ores Iocally con
tains supergene cuprite malachite azurite and iron
hydroxides The position of the Whitehorse belt in the
permafrost zonewith acutely continental climate in the
Yukon Territory caused the more intense physical
weathering of the rocks and ores than the chemical
alterations of their minerals

It can be concluded that the skarn deposits of this

mining district in Canada show genetic and mineralog
ical features of their ores and rocks including the pres
enceofMgFeborates are similar or analogous to gold
deposits in Transbaikalia Aldan Shield and the Rus
sian Far East which are localized in metasomatically
altered dolomite sequences that were intruded by mag
mas ofmoderate basicity 5 Tracing the genetic Links
of the goldsulfide ore mineralization in magnesian
skarns with magmas ofother composition it seems to

be necessary to consider the setting of the ore mineral
ization at contacts of dolomites with granites or ultra
basic rocks

SKARNS AND ORE MINERALIZATION
IN CONTACTS WITH GRANITES

There are still scarce publications dealing with the
gold potential ofmagnesian skams genetically related
to granite intrusions Available data shed light onto the
compositional features of the skarns and the PT con
ditions under which the metasomatic zoning developed
in the exoskarn aureoles and which controlled the origin
of certain mineral assemblages that predated the sulfide
mineralization and were coeval with it 5 8 1719

The lowest temperature types of skarns are geneti
cally related to intrusions of leucocratic granites and
alaskites into dolomites The inner structures of their
bodies correspond to the primitive type of metasomatic
aureoles with the complete inheritance of the MgfCa ratio
of each zone from the pristine carbonate rocks

Skams in contacts with granites are often greis
enized afeature that is weakly pronounced or is abso
lutely absent in contacts with more basic intrusions and
is mineralogically accentuated by the occurrence of
Frich minerals sellaite fluorite and fluoborite that are
associated with Sn and raremetal Be and Li and with
youngerAusulfide ore mineralization 3 5 11 22

During the posnagmatic stage the mineral compo
sition ofmagnesian skarns is modified and associated
types of magnetite and borate mineralization are
formed in these rocks together with phlogopite and
humites This process is followed by the variably pro
nounced replacement of the metasomatites and nearby
intrusive rocks by overprinted calcic skates 2 5 22
23 This replacement can be seen most clearly in the
compositional modification of the spinetpyroxene
zonein contact with intrusive rocks The metasomatites
are transformed into associations ofFerich pyroxenes
saute clintonite tremolite vesuvianite andradite
grossular garnet zoisite and even wollastonite which
are often accompanied by scheelite mineralization and
highFeborates vonsenite and paigeite 2 5 22 The
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nearcontact magmatic rocks contain newly formed

wollastonite garnet epidote and axinite The outer
zones of the metasomatic aureole phlogopitized
skarns forsterite and ciinohumitebearing calciphyres
brucitepericlase marbles and dolomites with borate

mineralization are preserved This confirms that the
earlier replaced magnesian and newly formed calcic

skarns belong to the magnesian association

It should be mentioned that magnesian skarns and
their surrounding carbonate rocks are often greis
enized in contact with leucogranites TheFbearing
mineral assemblages are associated with cassiterite and

LiBe ores which predate the sulfide mineralization

The ores of these deposits are known to contain not

only arsenides and various Cu and Fe sulfides but also

Au and Ag tellurides and economic concentrations of
native Au Ag and Bi which are localized in both the
skarns themselves and their greisenized zones for

instance micafluorite rocks

Deposits of this type in Russia are Lupikko in the

Pitkjaranta ore field Karelia Arkinskoe and other

deposits in the Argun area eastern Transbaikalia mag
nesian skarns with ore mineralization in Khabarovsk

region Vostok II and the Voznesenskoe ore field in Pri

morye in the Russian Far East The greisens typically
contain cassiterite Li micas andBebearing minerals
including helvite Fluorite and sellaite develop often in
economic amounts in dolomitic marbles Many of
these deposits are accompanied by genetically related

gold placers
Sulfide and gold ore mineralization of greisenized

magnesian skarns in contacts with leucogranites is

characterized by the following features According to

EN Nefedov personal communication he found

gold grains at Lupikko in the Pitkjaranta ore field
Karelia inmicafluorite rocks in which gold grains are

spatially restricted to the cleavage planes ofbiotite and

occur in association with Ni andCobearing loellingite
and Bi minerals The gold inclusions were formed after

the arsenide and are rimmed by younger tellurides The

magnetite ores contain graphite in association with

loellingite sphalerite and chalcopyrite and show evi

dence ofvalleriitization ofCu sulfides Gerbets Ideposit
Pitkjaranta a process quite usual at deposits of tlis

type

SKARNS AND ORE MINERALIZATION

IN EXOSKARNS AT ULTRABASITES

The highest temperature type of hypabyssal magne
sianskams develop in dolomites at contacts with ultra

mafic intrusions The inner structures of their aureoles

are largely controlled by the types ofmagmatic replace
ment of the carbonate rocks

For example at deposits in the Norilsk district infil

tration monomineralic forsterite skarns adjacent to

monomineralic periclase rocks developed at contacts of

dolomites and ultrabasites 24 The skarns bear eco

nomic CuNi postmagmatic veindisseminated pyr
rhotite and chalcopyrite ore mineralization Table 1
with PGE Au and Ag Diffusion skarn found in the
area affiliate with the shallowest depth melilite and

spurritemerwinite association 25 and are surrounded

by periclase marbles replacing dolomites in the

peripheries These skarns are also accompanied by sul
fide mineralization

The magnesian skarns developing after dolomite
xenoliths in the dunites of the IokoDovyren Massif in
northwestern Baikal area should also be attributed to
the lowdepth metasomatic facies 24 26 These
skarns also show evidence of both infiltration and diffu
sion prograde metasomatism with the former

expressed in the transformation of the dolomites into
monomineralic forsterite and periclase rocks in contact

with dunites 24 and the latter is responsible for the

development of amore complicated metasomatic zon

ing in dolomites dolomite periclase marble
forsterite calciphyre zones ofabyssophobe skarns
The abyssophobe skarns belong to the monticellite and

gehlenitemerwinite associations 26 27 The adja
cent hybrid melts were characterized by decreasing
basicity and crystallized in the form ofplagioclase peri
dotites 24 26

Both the skarns and the ultrabasites of the Ioko

Dovyren Massif contain sulfide ore mineralization

pyrrhotiteCopentlandite chalcopyrite valleriite and
other minerals accompanied by gold and PGE This is
not the only example ofdeposits of this type in Siberia
These deposits are known in Transbaikalia Chiniiskii
and Konder massifs and elsewhere but their gold
potential is still known relatively poorly

PRECIOUS METALS IN THE ORES
OF COPPERNICKEL DEPOSITS

AND CARBONATITES

Ultramafic rocks accompanied by CuNideposits in
the Norilsk district near the town of Monchegorsk in
eastern Siberia andelsewhere 28 29 and carbonatites
with AuCu ore mineralization Kovdor in Karelia

30 Loolekop in South Africa 31 Jacupiranga in
Brazil 32 and others are petrochemicaily compara
ble with magnesian skarns and surrounding them calci

phyres 30 31 Similarly to skams they often have

rhythmically banded structures 33 which reflect the

thermodynamically unequilibrated crystallization pro
cesses 3 5 of carbonatites in hypabyssal environ
ments

Analogously to skarn deposits they are character
ized by the development of ore mineralization in a

highMg environment similar or identical mineral

assemblages and the succession ofpostsulfide modifi
cations of the mineral composition of the host rocks
including their serpentinization and the occurrence of

endogenic hydroxisulfides predominantly valleririte 30
313438 and more rarely tochilitine in these rocks
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Table 1 Composition wt of sulfides in outercontact disseminated ore Norilsk deposit

Compo
nent

1 2 3 4 S 6 7 8 9 10 1I

S 3739 3781 3445 3435 3450 3473 3412 3465 3486 3640 33SS
As 004 004 004 009 000 000 011 006 008 000 001
Fe 6198 6043 3089 3067 3059 2992 2980 3021 2523 245 216
Cu 020 006 3311 3363 3322 3413 3388 3423 2683 O10 142
Zn 006 008 006 007 000 000 002 002 000 001 001
Ni 087 092 009 000 003 003 001 OOS 1221 6077 b262
Co 018 011 000 001 000 004 OOS 001 01S 002 000
Si 006 008 040 023 025 029 023 02S 002 000 000
Ca 002 002 034 000 001 001 000 000 001 001 002
Mg 012 025 033 049 043 OS8 041 046 006 007 008
Al 000 002 017 007 009 013 008 010 000 006 006
Total 9992 9982 9988 9962 9912 9986 9871 10006 9945 9989 9993

trauon proportion
Fe 0935 0992 103 102 100 099 100 100 083 004 004
Ni OO1S 001 000 000 000 000 000 000 038 091 100
Co 000 000 000 000 000 000 000 000 000 000 000
Cu 097 000 097 099 099 099 100 100 078 000 002
EM 095 093 200 201 199 198 200 200 199 095 108
S 100 100 200 200 200 200 200 200 200 100 100
rvote tt ryrrnonte S2S chalcopynte 9Nibearing chalcopynte 10 11 millerite Microprobe analyses analyst VGSenin Vernadsky Institute of Geochemistry and Analytical Chemistry Russian Academy of Sciences

Incarbonatites the former mineral replacesCubearing
sulfides mackinawite pyrrhotite chalcopynte and oth
ers while the latter replaces pyrrhotite authors data

Evidence of analogous processes can be observed in

sulfidebearing metasomatically altered dunites of
Mount Jumbo Washington United States which con
tainCrludwigite mineralization In these rocks chal

copynte is also replaced by vallenite Cuo82FetS2
16MgoAloz3OHzzs39

It was mentioned above that dolomites in contact
with ultramafic intrusions also contain magnesian
skarns Their sulfide ores commonly contain Ni Co
intermeallic compounds of PGE and Atz including
native Au

These facts testify that the ore deposition processes
in ultramafics and carbonatites and their subsequent
hydrothermal alterations are geochemically compara
blewith analogous processes in magnesian skarns This
also pertains to the endogenic and supergene transfor
mations ofmineralscontaining precious metals in these
rocks

Supergene processes responsible for the migration
and possible regeneration ofgold and PGE during the
denudation of hyperbasites phoscontes and carbon
atites are still known relatively poorly These metals are

known to occasionally occur in placers often in the

form of large nuggets which have never been found in
the primary rocks whose concentrations of precious
metals are at the Clarke levels An example is unique
placers in the Urals and the Konder deposit in Kha
barovsk region

GENESIS AND COMPOSITIONOF SULFIDE ORE
MINERALIZATION

The deposition of suifide ore mineralization takes
place in skarns during the latest postmagmatic stage of
the mineralizing process 2 S 2228 40 Dolomites at
some of these deposits contain anhydrite as a possible
source of sulfur This does not rule out the significant
role ofmagmatic sulfur as also follows from its isoto
pic composition in sulfides from these deposits S

The ore minerals areSundersaturated pytrhotite
arsenopyrite or loellingite chalcopynte cubanite and
bornite at subordinate amounts of Fe Cu Zn Ag Bi
Sn Te and Se sulfides containing Au in the form ofan

isomorphic admixture and as a native metal The ores
contain younger As and Sb sulfosalts 4 22284143
and native Ag and Bi Pyrite is rare but is occasionally
contained in the marbles and overprinted calcic skarns
in the outer and inner contact zones

Sulfides ofFe pynhotite and more rare troilite and
mackinawite and Cu chalcopynte bornite cubanite
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and others are typomorphic ofall zones of the magne
sian skarn bodies and often replace earlier magnetite
Loellingite and arsenopyrite additionally replace
FeMg borates ofthe ludwigite and paigeite series 28
or are contained as disseminations and pockets in phlo
gopite and in pyroxene salite tremolite vesuvianite
and garnet skarns Other sulfides sulfosalts and native
metals are disseminated in all of the metasomatic rocks
or compose stringers in them The highest concentra
tions of Bi minerals were found in overprinted calcic

skarns for example at the Hol Kol deposit in North
Korea 2 5 22 40 42 44

Literature on gold deposits of various genesis con

tain information on the occurrenceofCo Ni and PGM
in sulfide ores Gold and PGE coexist in mineralized
magnesian skarns in Siberia Gornaya Shoriya Norilsk

mining district northwestern Baikal area Transbaika

lia and Khabarovsk krai 5 28 43 45 in Russia and
in Europe at the Banat Romania Rhodope Mountains
Bulgaria and elsewhere 41 46

GOLD IN ARSENIDES AND SULFIDES

Our data on the gold potential of sulfide ores at

many magnesian skarn deposits both in Russia and
elsewhere 28 make it possible to identify the occur

rence modes ofprecious metals in them The loellingite
contains variable amounts ofAu up to 024wt at the
Titovskoe borate deposit in the Cherskii Range and
033 wt Au in the greisenized skarns of the Lost
River Mine Alaska United States At other deposits
Au concentrations are about 004 wt or below the
detection Limit of microprobe analysis Arsenopyrite
from paigeite ores from the Moralnyi Prospect of the
Titovskoe deposit contains008031 wt Au and

kotoitebearing calciphyres of the Baita Bihor deposit
in Romania which also bear tellurides contain up to

01i wt Au Arsenopyrite in sulfide ores from the
SerdtseKamen deposit in Chukotka was determined
to bear up to025Au

Iron sulfides can also contain gold For example
troilite in sakhaite rocks from the Dokuchan deposit in
the Cherskii Range contain 012wt Au More wide

spread pyrrhotite from the ludwigitebearing calci

phyres of the Lebedinoe deposit in the Aldan Shield
contains004012wt Au and the analogous values
are006020wt for the ludwigite ores of the
GoPtsovoe deposit Cherskii Range006010wt

for the Krumovo deposit in Bulgaria 015wt for the

sulfideludwigite ores ofMount Brooks and008 wt

for the Bessie and Maple occurrence in the Lost River ore

field in Alaska Pyrrhotite in ludwigitemagnetite ores

from the Dokuchan deposit contain002010wt Au

Diopside skarn in Gijhdarva Tajikistan contains pyr
rhotite with012016wt Au and this mineral con

tains00701wt Au at the nearby Taror deposit and
002011wt Au in the ludwigitekotoite marbles at

Hol Kol Suan North Korea

Sphaierite often is barren of gold but marmatite
contains 006 wt gold when occurring in ludwigite
ores at the Titovskode deposit and005 wt gold at the
Baita Bihor deposit Banat Romania This is likely
caused by the occurrence of 2 wt Cu in ZnS in the
form ofemulsion chalcopyrite dissemination

chalcopyrite contains variable Au concentrations
which are sometimesas high as 025 wt in greis
enized skarns with aikinite bornite and Bibearing
minerals at the Karadjhal deposit in the Digilenskie
Mountains in Kazakhstan Low Au concentrations no
more than 004 wt were detected in chalcopyrite
from valleriitized borate ores from the Zapadnoe
deposit in the Bystrinskoe ore field eastern Transbaika
lia and001 wt in sulfidebearing calciphyres of the
Lebedinoe deposit in the Aldan Shield

chalcopyrite in the ores from calciphyres of the
Baita Bihor deposit in Banat Romania contains002
015 and030wt Au whereas this mineral from sul

fidebearing spinelfassaite skarns of the Traversella

deposit Italy contains no more than005 wt Gold

up to010022wt was detected in chalcopyrite
from the ludwigitebearing calciphyres of the Grizzly
Gulch Little Cottonwood Canyon Utah in which chal
copyrite is associated with pyrrhotite and Ag and Bi
bearing minerals and is replaced by valleriite Gold
002007wt is contained in chalcopyrite from the

suaniteludwigite ores ofBlind Mountain Nevada 28
This mineral from the Bessie and Maple occurrence
Lost River Alaska contains variable Au concentra
tions from005 to 017 and even038 wt

Pyrite from theTarorskams contains004009wt Au
and this mineral from Gijhdarva Tajikistan bears more

than008032wt Au Analogous gold concentra

tions were found in iron disulfide contained in calci

phyres from the Lebedinoe deposit High Au contents

018023 wt weredetected in pyrite from ludwig
itemagnetite ores of the Chingatai deposit in eastern
Transbaikalia Pyrite from Grizzly Gulch Little Cot
tonwood Canyon Utah contains 019 wt Au and
this mineral from the Bessie and Maple occurrence
Lost River contains 042wt Au Pyrite from the Hol
Kol deposit in Korea bears036 wt Au

Younger Cubearing sulfides also contain Au For

example chalcosine from harkerite rocks of Camas
Malag Skye Isle Scotland contains 012wt Au and
the accompanying bornite contains005008wt Au

Lead sulfide also contain gold and often also silver
Galena from sulfide ores ofthe SerdtseKamendeposit
in the Chukot Peninsula bears up to 012wt Au This
mineral contains 009 wt Au when occumng in gre
isenized skarns ofthe Karadjhal deposit in Kazakhstan
005017wt Au in calciphyres ofBaita Bihor Roma
nia005 wt Au in Skye Isle Scotland015 wt in the
Mount Brooks skarns and 011 wt at the Bessie and

Maple occurrence in Alaska Boulangerite from kotoite
marbles from Baita Bihor contains up to 021 wt Au
and tetrahedrite from the Hol Kol deposit Korea bears
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029033wt Au Molybdenite from this depositcontains variable Au concentrations from 003 to 019and even045 wt
The data presented above on the goldbearing sulfides were obtained by examining handspecimens ofboronbearing calciphyres ludwrgite and magnetiteores and magnesian skarns from the authorscollection5 28 40 47 This study was not associated with thesystematic sampling of the orebodies and the resultspresented here should be considered provisional andcan be taken into account when the gold potential ofthesulfide ores ofthese and other skarn deposits is assayedLiterature data indicate that sulfides except theirAg Bi andTebearing species contain almostno iso

morphous Au Conversely micrometersized to visibleinclusions ofnative gold occur at dislocations of theircrystals and in the intergranular space 4 as was confirmed by the results ofthis research Gold also formsveinlets in skarns and marbles for example at the HolKol deposit in North Korea thus reflecting gold migration and redeposition by hydrothermal solutions
The data presented above on gold concentrations inmagnesian skarns and the contact zones of leucogranites and alaskites that were intensely greisenized withthe development of fluorite and Fbearing silicatesnorbergite phlogopite and Limicas and the overprinting ofsulfides and tellurides indicate that this magnesianskarn type ofgold mineralization deserves moredetailed examination This also follows from the find ofAu 2 ppm Ag 5 ppm and Pt 05 ppm in rhythmically banded fluorite metasomatites of the Voznesenskoe ore field in the Russian Far East 11 which contains Be ores

The materials presented above imply that skarnshaving various mineral composition and affiliating withdifferent facies are favorable for the deposition of sulfides with gold Their concentrations can be minedfrom the orebodies and related placers as is currentlydone at some deposits or can be considered for futuredevelopment with the application of more advanced
technologies ofthe recovery ofprecious metals

Magnesian skarns at contacts with ultramafic intrusions also contain sulfides The hypabyssal spinelmonticellite perovskite melilite and merwiniteskarns that replaced dolomite xenoliths in dunites in theIokoDovyren Massif northwestern Baikal area weredetermined to containCopentlandite 3857wt Co963 wt Ni mackinawite97106 wt Co troiIite galena clausthalite native gold silver and tin andvalleriite 26 This is consistent with the compositionof the sulfide ore mineralization in the hyperbasiteswhich contain troilitepynhotite ores with pentlanditechalcopyrite and cubanite that contain unevenly distributed PGE andAu Forexample theanorthosites of this imassif contain 41 ppm Pt78ppm Pd and 32ppm Auwhereas the CuNiores in dunites are richer in Pd 26 LThe metasomatic aureoles in marbles around hyper dbasite intrusions in the Norilsk mining district are tens o

6MC DATA REPORT 3 4 4

of meters thick The dolomites are replaced byhypabyssal skarns calciphyres and overprinted calcicskarns Their sulfide ore mineralization corresponds tothe types ofCuNipyrrhotitechalcopyritepentlanditeores with cubanite known at the Norilsk I TaInakh andOktyabrskoe deposits The ores ubiquitously containvalleriite 055 vo1 and precious metals PGE PtPd and others Au and Ag 33
The ore mineralization in the outer contact zones ishosted in brucite rocks pyrrhotite pyrite and magnetite serpentinized magnesian skarns Table 1 calciphyres and calcic skarns pyrrhotite pentlandite chalcopyrite and millerite These stringerdisseminatedoutercontact ores pervasively contain PGE057 ppmpt135 ppm Pd and001021 ppm Rh Au 00110 ppm and Ag077176ppm 37

The highest valleriite concentrations were found atthe Talnakh up to 15 vol and Oktyabrskoe up to95vol deposits data ofVMIsoitko 1978 37This provided grounds to distinguishmileritepyrrhotitevalleriite ores as an individual type which contains 57volhydroxisulfide This mineral was also found in themineralized serpentinites and brucitites Valleriite andtochilinite are formed during thepostsulfide stage seebelow of the hydrothermal process simultaneouslywith significant transformations of the mineralogy ofthe goldbearing ores

POSTSULFIDE MINERALFORMING
PROCESSES

Sulfide ores in magnesian skarns and other rocksofsimilar petrochemical composition ultrabasites andcarbonatites typically contain mixedlayerhydroxisulfides such as tochilinite valleriite and more rare haapalaite Fe126NioaSZ L61Mgo84Feoi6OHZ andyushkinite V XS MgAIOH2 28 40 41 44They replace sulfides andor magnesioludwigite 2 2840 and are syngenetic with the serpentinization ofMgsilicates and what is important are coupled with thebrucitization of skarn minerals including Mg oxidesand carbonates and the szaibelyitization of Mg andMgFe boraces 28 40 Many magnesianskarn golddeposits at contacts with granitoids as well as coppernickel deposits related to uitrabasites and carbonatitesubiquitously contain tochilinite 2FeS 167MgFeeAIOH2 and more often valleriite CuFeSZ nMgFeAlOHZ Table 2 Their composition reflects both theposition of these minerals in the mineralogical systematics and the occurrence of MgOH2 FeOH2MnOH2AlOH3and other components in the oxide
group of these minerals 28 3436 38 40

Valleriite and later also tocilinite were first foundn CuNi ores genetically related to ultrabasites inwhich hydroxisulfides are often rockforming mineralsaputina 34 and other researchers 29 35 36 have
emonstrated that these minerals actively replace varius types of sulfide ores predominantly pyrrhotite
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Table 2 Composition of tochilinite and valleriite nFeCuz mMgFeOH2 AlOH3

Deposit Fe Cu EM n S MgOH2 FeOHz AlOH3 E m

Tochilinite

Zheleznyi Kryazh Transbaikalia 195 005 200 2 085 000 015 I51

193 001 194 2 086 005 009 149

Titovskoe NE Russia 180 014 194 2 054 023 023 153

Same replacing troilite 200 000 Z00 2 088 001 011 138
Same replacing pyrrhotite 198 000 198 2 084 01I 005 140

Gavasai Kyrgyzstan 186 000 186 2 000 100 147

Kamaisi Japan 34 134 034 168 2 078 000 022 167

126 048 174 2 079 000 021 165

Pensilvania United States 38j 162 000 162 2 079 000 021 174

Jacupiranga BraziC 32 178 OA0 178 2 039 031 030 167

Valleriite

Zapadnoe Transbaikalia 112 088 200 2 077 023 000 133

137 063 200 2 096 000 004 108

134 066 200 2 094 000 006 116

156 038 194 2 091 000 009 147

Kultuma Transbaikalia 096 104 200 2 090 010 000 164

090 101 200 2 088 012 000 163

Baita Bihor Romania 093 107 200 2 086 014 167

Hol Kol North Korea 098 102 200 2 085 006 009 124

092 108 200 2 087 002 011 135

Grizzly Gulch Utah United States 099 101 200 2 080 000 020 180

Little Chief Yukon Canada 21 081 119 200 2 071 006 023 164

080 120 200 2 073 021 006 167

107 093 200 2 068 000 032 153

North Star Yukon Canada 13 080 120 200 2 012

Kaveltorp Sweden 38 116 084 200 2 073 000 027 130

Norilsk Siberia 34 095 105 200 2 086 014 15
Same 161 039 200 22 005 034 165

Kovdor KareliaC30 118 082 200 2 079 021 161

Same C 147 053 200 2 078 022 163

Loolekop South Africa C38 103 095 198 2 073 000 027 157

Same F38 102 098 200 2 065 034 170

105 095 200 2 076 022 002 166

096 104 200 2 075 016 009 167

Jumbo Washington United States D 109 082 191 21 077 000 023 160

Note rrom sulfidebearingmagnesian skarns and calciphyres according to our28 39 4044 and others and literature data includinghydrozisulfides from sulfidebearing carbonatites C phoscorites F and dunites D Valleriite with 61 mol CaOH2 in its
oxide constituent
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Japan IKusachi found this mineral in association with
loellingite arsenopyrite chalcopyrite cubanite pyr
rhotite witticherite and other sulfides I Kusachi per
sonal communication onAugust 27 1998

We established 28 40 43 44 that valleriite and
tochilinite are also typomorphic postsulfide minerals
at gold deposits of the magnesian skarn ore association
This significantly expands our knowledge of the occur
rence ofhydroxisulfides in various genetic types ofsul
fide ores Table 2

The genetic role of the replacement of Fe and Cu
sulfides by hydroxisulfides in the endogenic and super
gene geochemistry ofAu andPGE is still poorly under
stood 28 39 40 43 44 The significance of the prob
lem of the tochilinization and valleriitizatinofsulfides
in serpentinized ultramafic rocks related to the genesis
ofCuNi ores with PGE and Au was first highlighted
by the data obtained by Ramdohr 37 and other
researchersof these minerals 3436 38

Tochilinite and valleriite have a low hardness and
are ductile and layered ie possess characteristics
hampering the identification of these minerals In asso
ciation with pyrrhotite chalcopyrite and other sulfides
these minerals are commonly misidentified as graphite
based on their optical characteristics In the ores ofCu
Ni skarn deposits valleriite and tochilinite develop
along the grain boundaries of sulfides and rim sulfide
grains Fig 3 When these ores are technologically
processed crushed and floated it is practically impos
sible to get rid ofhydroxisulfides and thus the techno
logical concentrating process ofthese ores is associated
with significant losses not only ofCu but also of pre
cious metals 31 48

As was recently demonstrated in 2 28 40 44
when replacingAubearing sulfides Fe and Cu hydrox
isulfides inherit their Au in the form offinegrained native
metal For example tochilinite from Zheleznyi Kryazh
Transbaikalia contains00104 wt Au and valleriite
from the Zapadnce deposit contains005015wt Au
thechalcopyrite contains004wt AuThese concentra
tionsare comparable with those published for deposits in
the Whitehorse belt in Canada

In the process of endogenic and stipergene alter
ations minute gold particles contained in hydroxisul
fides are dissolved more easily than large gold grains
because of the greater specific surface of smaller
grains This process is additionally facilitated by the
general chemical instability oftochilinite and valleriite
in surface environments These minerals are replaced
by magnetite with the release of dissolvable Mg Fe
and Cu sulfates The latter in turn create favorable
conditions for gold migration in acid hydrothermal
solutions and its redeposition when conditions change
for example at geochemical barriers as at reactions
with carbonates Evidence of this process is the devel
opment of thin veinlets of native gold along cleavage
planes ofcalcite in marbles for example at the Hol Kol

CuNiand containing magnesian minerals ones at the
Norilsk group of deposits The hydroxisulfides have
variable compositions Table 2 of their sulfide and
hydroxide constituents at significant structural differ
ences between them 35

It was established 34 that valleriite of the Norilsk

deposits contains 716 wt Cu in pentlanditechal
copyritepyrrhotite ores and 1722Cu in the miller

itebornitechalcopyrite and pentlanditechalcopyrite
ores The pentlanditepyrrhotite ores with subordinate
amounts 35 vol of chalcopyrite contain mostly
tochilinite

The composition of the hydroxyl constituent of
hydroxisulfides is controlled by the composition of the
silicates first of all serpentinized forsterite and iron
oxides including magnomagnetite They are contained
in both the magmatic rocks and the adjacent metasoma
tites that replace dolomite and often contain anhydrite
The valleriite of these associations commonly contains

Mg 1112 wt whereas the tochilinite bears up to

14 wt Mg
iiydroxiSiiides of other composition Table 2

occur less frequently at the Norilsk deposits The mas

sive chalcopyrite cubanite and talnakhite ores contain
newly formed Mgfree valleriite of the composition
CuFeS2 nFeOH2 and tochilinite of the composition
2Fet CS nFeOH2replaces troilite and hexagonal pyr
rhotite in the monticellite skam The melilitemerwin
ite skarns weredetermined to contain highCa valleriite

CuFeS2nCaAIOHhwhich replaces cubanite and

pyrrhotite The sulfides have variable Cu concentra

tions from I1 to345wt 35
Valleriite whose composition was not determined

wasalso found in gehlenitespurrite skarns of shallow
depth fades at the Fuka deposit Okayama Prefecture
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Fig 3 Outercontact stringerdisseminated coppernickel
ores Norilsk Valleriite Va surrounds chalcopyrite Cp in
skams Sk Magnification 2x
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borate magnesianskarn deposit the largest in North
Korea authors data At this deposit goldbearing
marbles occur near chalcopyritemagnesioludwigite
ores which are replaced by valleriite 28 40 44

Eastern Transbaikalia at the Bystrinskoe Kol
tuminskoe7heleznyi Kryazh Arkinskoe and many
other deposits in the ArgunGazimur divide Aldan
Shield Lebedinoe and other deposits and the Yukon

Territory in Canada Whitehorse copper belt contain
economic goldbearing alluvial placer deposits Their

genesis was predetermined by the denudation of pri
mary magnesian skarn deposits with goldbearing sul
fides and provide evidence of their significant role as a

source of placer gold The gold potential of these
deposits is still notdepleted

For example it is thought that mineralized skarns in
the Bystrinskoe field contain 06ppm Au and 15Cu
at predicted reserves as large as 130 tons ofAu4 mil
lion tons of Cu and 93000 tons ofAg 11 Placers at

the Bystrinskii group of deposits ubiquitously contain
scheelite which was mined in the Bystraya andIldikan
river valleys in the 1940s The sources of the valuable
minerals of these placers were the Zapadnoe Fig 4
Vostochnoe Malyi Mednyi Chainik and other deposits
of magnesioludwigite ores with pocket and dissemi
natedpyrrhotitehalcopyrite ore mineralization that is

extensively replaced by valleriite during the serpentini
zation of the forsterite skarns and calciphyres and the

replacement of the borate ores by szaibelyite 2 5 28
40 Although the blacksand panning samples contain
no preserved minerals ofmagnesian skams other than

magnomagnetite these samples contain garnet and
near primary deposits also pyroxenes scheelite and
gold 905976 fineness 28 When these placers were

washed for gold by small diggers the first priority tar

gets were sands with magnetite and scheelite as those
richest in gold

The Zheleznyi Kryazh sulfidebearing ores and par
ticularly the pyrrhotitebearing borateores ofthe Rud

nichnaya body are also significantly replaced by tochi
linite and valleriite Fig S 2 28 40 The ludwigite
and magnetite ores are localized in magnesian skarns
thatdeveloped in dolomites of the BystrinsayaForma
tion ofPaleozoic age They contain up to 29fine no
larger than 007 mm and coarser grained up to 1 mm
gold as well as Iumpy and amoebashaped unrounded

gold grains in aggregates with chalcopyrite The denu
dation of the orebodies of the deposit gave rise to
related alluvial gold placers in the valley

In the oxidation zone sulfides and hydroxisulfides
are supergeneously replaced by Fe and Cu hydroxides
which can adsorb Au and release it under the effect of
sulfate and thiosulfatebearinggroundwaters This can

be exemplified by deposits in eastern Transbaikalia
whose tochilinite andvalleriitebearing ores are trans
formed into magnetite sands loosely cemented with
calcite We identified such newly formed rocks at the

GEOCHEMISTRY INTERNATIONAL Vol 45 No 2 2007

Zheleznyi Kryazh and at the Zapadnoe deposit in the
Bystrinskoe ore field At the latter they occur in the
most deeply eroded orebodies in the southern flank of
the deposit

At many other skarn deposits hydroxisulfides are

completely oxidized but still can be identified in super
geously unaltered ores 28 40 43 For example the

supergene alteration products of chalcopyrite that has
been replaced by valleriite Table 2 in the ludwigite
bearing calciphyres at Grizzly Gulch in Utah are iron

hydroxides and malachite withOI9B52fine gold
A similar situation occurs at the Kultuma ore field

on the Gazimur River but the predominant primary sul
fide of the boronbearing skarns and calciphyres is

chalcopyrite which is partly replaced by valleriite 43
Goldbearing placers in the valley weremined for more
than one century until 1958 and were thereby repeat
edly rewashed

Genetically analogous placers promising for gold
and cassiterite are widespread along some tributaries of
the Argun in the BogdatskArkia mining district in
Transbaikalia These placers are genetically related to

sulfidebearing magnesian skarns with magnetite cas

siterite beryllium and bismuth ore mineralization at

contacts with leucogranites 11

In the Aldan district in Siberia gold is produced by
the longterm development of the Lebedinoe deposit
which is hosted in skarnified dolomites intruded by
Mesozoic syenites 49 In addition of sulfide ore min
eralization of chalcopyrite pyrrhotite and pyrite with
subordinate amounts of galena Bibearing minerals
sulfosalts and tellurides including calaverite the mar

bles contain native gold and disseminated magnesi
oludwigite and szaibelyite Our data indicate that the
latter minerals sometimes contain valleriite Along with
primary deposits gold was extracted in this area for
more than 50 yr from alluvial placers The reserves of
the ore mineralization are comparable with that at the
Hol Kol deposit in North Korea Recently other gold
bearing skarn deposits Samolazovskoe and others
were found in this area and this confirms that the area
is promising for exploration for gold

NEW GOLD IN PLACERS
AND WEATHERING CRUSTS

The data presented above on the spatial relation of
gold placers to its primary deposits call for the analysis
ofgold geochemistry in supergene environments

In spite of inconsistencies in literature data on the

possible scale of supergene gold migration with
groundwaters the possibility ofthis process is taken for
granted and is generally not questioned any more This
is directly related to the applied aspectof this problem
namely the possibility of the origin ofsupergene new
gold as a consequence ofits remobilization and what is
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Fig 4 Map of the Zapadnce deposit eastern Transbaikalia and profiles across this deposit aSchematic map of the Zapadnoedeposit easternTransbaikalia Hercynian granodiorites 2pyroxene skarns 3forsterite skarns 4ludwigitemagnetite oresIIIVIExploration profile bandcGeological profiles across the deposit13sameas in Fig 4a4boronbearing magnetiteores 5monomineralic ludwigite ores6 postmineral dikes of Mesozoic porphyries 7supergeneously altered ludwigite ores8exploration boreholes

particularly important regeneration when goldbearing sometimes provokes doubt This is related first ofallweathering crusts and placers are formed to the still poorly understood geochemistry of super
Facts confirming the occurrence of newly formed gene gold regeneration

gold in placers and weathering crusts are numerous but The data of Petrovskaya 49 Nikolaeva 50the role of this phenomenon in the precipitation ofeco Yablokova 51 Novgorodova et al 52J and manynomic gold concentrations was not quantified and otherresearchers indicate that gold migration and rede
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posrtwn in supergene environments does take place It
was definitely demonstrated that newly formed super
gene gold occurs as thin films flakes dendrites glob
ules and small crystals It is believed that gold is trans

ported in both solutions and colloids

The morphology and texture of supergene gold were

analyzed by Petrovskaya 49 It was established that
newly formed gold occurs at several placers in the area

along the Lena River in Siberia in the form of spongy
crusts and humps at the surface of gold grains or

cement these grains Other researchers confirmed and
specified these observations

According to Nikolaeva 50 newly formed gold
wasdeposited as humps andcrystals on pale yellow to

tinwhite silverbearing rounded gold grains of low
fineness It was found in placers that were produced by
the destruction of rocks that had contained sulfides

pyrrhotite and pyrite with inclusions of lowfineness

gold0014mm across At the same time gold was

never found in placers produced by the erosion ofgoid
bearing quartz veins

Newly formed gold was found in placers in the
Aldan Shield by Yablokova 51 who determined that
rounded coarsegrained gold in these placers is 900 to
923 fine whereas the newly formed gold is 794880
fine and clearly differs from the primary gold in texture
Overgrowths of newly formed gold on the primary one

are finegrained polyhedral and twinned

According to Novgorodova et al 52 newly formed
gold occurs in weathering crusts in Orenburg Oblast as

ungeometrical lumps angular fragments and spongy
masses of dull brownish and redbrownish color the

gold grains are never larger than 03mm In addition to

highfineness 898982 gold these researchers docu
mented its new mineralogical mode ofoccurrenceofvio

letpurple and purple color which consisted ofamixture
ofgold hydroxide andfinegrained polymineralic aggre
gates ofiron hydroxides and iron and bismuth tellurates

These data and other extensive information provides
evidence that supergene gold can be formed in placers
and weathering crusts and can migrate with groundwa
ters It was hypothesized 51 53 that this process can

be productive and can even regenerate the gold poten
tial ofpreviously worked out placer deposits

For example Voronin and Goldberg 54 believe
that this process can be facilitated by electrochemical
reactions related to a weak electric field around liquid
flows filtrating through porous rocks These researchers
demonstrated that the separation of electric charges
during the flow ofsolutions brings about avoltage dif
ference and generates volumetric electric fields which
in turn induce the concurrent reactions of cathode
reduction precipitation and anode oxidation Elec
tronscan thereby be conducted by particles ofgold sul
fides and other minerals It wasestablished that higher
concentrations of electrically positive metals such as

Au and PGE in the solutions are favorable for the more

active precipitation of these metals on primary mineral

particles Ag and Cu which are more electrically nega
tive metals occur much more rarely in placers It is thus
commonly believed that the margins ofgold particles
should not become enriched in silver and copper when
newly formed gold is precipitated on these particles

It is known that the margins ofgold particles some

times have a higher fineness of the gold The higher
fineness of gold particles in the margins is sometimes
believed 49 and others to be caused by the partial
depletion ofthese particles in silver as a more mobile
element in supergene environments This does not rule
out the possibility of the galvanic overgrowths of gold
particles with newly formed highfineness gold in plac
ers This issue deserves however its further studying

In spite of the fact that newly formed gold occurs

much less widely than old gold in placers modern
technologies make it possible to extract all gold includ

ing its nanometersized particles regardless of their
genesis This approach to the problem discussed in this
paper highlights the economic significance of newly
fonedsupergene gold

GOLD MIGRATION IN SUPERGENESIS ZONES

Vernadsky 55 evaluated the average gold concen
tration in riverine waters at 3 x1010Other research
ers 51 assayed this concentration in mine waters at
1 x 10to9 x10x 51 Roslyakov et al 56 deter
mined that the Au solubility in waters with Ca sulfate is

higher than in waters with Mg sulfate427 and265g1
respectively The pH of these waters varies from 65to
80The supergene concentration of gold was demon
strated to be controlled by the occurrence ofgeochem
ical barriers such as oxygen reducing hydrogen sul
fide sulfate and carbonate alkaline and acid as well
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rhotite Po white by stringers of magnetite Mg pale
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cation 30
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as the evaporation ofmineralized waters in arid envi
ronments or in the presence of mineral adsorbents

Data on the role of heterotrophic microorganisms
bacteria in the dissolution of gold particles and the
later reduction ofgold in the form of its newly formed
masses are scarce 57 Nevertheless available infor
mation suggests thatgold can be involved in the biological cycles of the bacteria and this is associated with
changes in the surface topography ofnative gold grains
with the development of humps and pores whose sizes
are commensurable with those of the microorganisms
The gold particles 0102 mm across used in the
experiments lost half of their masses during experi
ments that lasted for one year and the dissolved gold
was reduced and occurred in the solutions in the form
of very fine colloid particles Their concentrations in
the sols were 166 mg1 The authors argue that gold oxi
dation and reduction proceeded concurrently as fol
lows for example from the development of newly
formed crystals botryoidal aggregates spongy masses
and lumps ofnewly formed gold on the surface ofpri
mary gold particles The fineness of this gold varies
from 954 to 746 whereas the primary gold is 843 fine

Furthermore gold migration and reduction is
facilitated by the presence oforganic fulvic acids in the
waters and the biological activity of microorganisms
fungi and others This phenomenon is reflected in
gold precipitation from groundwaters by plants for
example reindeer lichen and other species as was

repeatedly documented during the biogeochemical
studies of gold ore fields including their magnesian
skarn types

ROLE OF CRYOGENESIS IN GOLD MIGRATION
In the context ofour research and with regard for the

location of the deposits described in this publication in
permafrost and seasonal freezing areas we attach par
ticular significance to the cryogenic migration and
regeneration ofgold

Studying the hydrochemical effects of cryogenic
processes on the origin ofaqueous solution flows dis
seminating gold Plyusnin et al 58 have demonstrated
that gold concentrations in waters are usually equal to
66x iir gfi and increase to I12x 10 gI in thawed
waters and to 150x 10g1 in waters that were prelim
inarily frozen at a temperature ofC The authors
explain these differences by the unusual properties of
thawed waters which can dissolve more gold but do
not consider the possibility ofgold regeneration

Fedoseeva 59 published data on gold migration in
frozen soils and snow a process controlled by the phys
icochenucal characteristics of ice surface and the prop
erties of intercrystalline liquidlike films The presence
of these films was identified within the temperature
range of0 to 10C It was demonstrated that Au and
Cu are contained in the pore solutions in the form of
ions that can form complex compounds Gold can occur

as dithousuilfatecurate which is stable within abroad
pH range and can be readily reduced to the elementaryform

The processes of permanent seasonal freezing of
groundwaters in certain areas in Siberia North Amer
icaand other regions where the gold deposits discussed
in this paper are situated should notably affect the con
centrations ofdissolved gold The freezing of water in
the active soil stratum produces ice that contains prac
tically no dissolved salts which are thus concentrated
in the residual liquid contained between ice crystalsThe gold concentrations in this liquid can increase by
almost two orders ofmagnitude This creates favorable
conditions for gold precipitation from these solutions
on the surface of gold particles in placers or at the sur
face of ice crystals

The occurrence of this process in nature is con
firmed by the finds of thin gold films between ice crystals at the Yellow Knife deposit in Canada 60 The
possible growth of gold dendrites from goldoversatu
rated residual solutions during the seasonal freezing of
the thawing stratum in placers in the Kolyma area was
reported by Kolyasnikov 61 who believed that the
morphology of these dendrites inherited the shapes of
dendritic snow crystals and admitted that these den
drites could be overgrown by equant gold crystals and
thus thickened to the sizes ofnormal flat gold particles
Kolyasnikov also believed that the gold potential of
depleted placers in the Arctic can be naturally restored
by the permanent regeneration of gold from periodi
cally freezing groundwaters of the active stratum

The role ofcryogenesis in the migration and redeposition of native gold including the mechanical trans
portand concentration ofgold particles in soilpolygons
at the bottom of the active stratum during its seasonal
freezing and thawing 62 63 deserves more detailed
study

The materials presented above generally character
ize the geochemistry of the evolutionary behavior of
gold in the endogenic and supergene processes formingmagnesianskarn ore deposits Itwasdemonstrated that
Fe and Cu hydroxisulfides tochilinite and valleriite
are a previously unknown important link ofthe genetic
mineralogy of gold Orresults can be used during the
mining operations not only at contactmetasomatic
skarn deposits but also at preciousmetal depositshosted in dolomites carbonatites and ultrabasites The
results of our research confirm the importance ofand
the necessity ofstudying the processes ofgold regener
ation in supergenesis zones at ore deposits placers and
the dumps ofgold deposits

CONCLUSIONS
1 Magnesian skarn deposits ofgoldbearing sulfide

ores are a promising source ofthis metal in the form of
its primary lodes and spatially related alluvial and other
types ofplacers A common feature of these deposits is
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their spatial restriction to contacts ofdoomites with
intrusions ofpredominantly mafic composition or those
ofsyenites although this does notrule out the necessityof assaying the ore potential of skarns in contacts with
granites and ultrabasites and in carbonatites

2 Goldbearing sulfides are contained at these
deposits in pyroxene and forsterite skarns and calci
phyres periclase marbles dolomites and magnetite
ludwigite ores including overprinted calcicskate
associations

3 Iron and copper sulfides contained in magnesian
skarns are ubiquitously replaced by hydroxisulfides
tochilinite and valleriite under the effect ofhydrother
mal solutions These hydroxisulfides inherit fine gold
from the replaced sulfide The hydroxisulfides are
unstable and are endogenically replaced by magnetite
and Cu Fe and Mg sulfates and this facilitates the
migration of readily dissolved fine Au and its regenera
tion on the surface of larger Au particles or in nearby
rocks In the zone of supergenesis tochilinite and val
leriite are easily oxidized and their gold is inherited bymasses ofmagnetite dust and is partly adsorbed by iron
and copper hydroxides andoris dissolved in meteoric
waters

4 The problem of the tochilinization and valleriiti
zation of sulfide ores is significant for genetically
diverse deposits ofcopper and precious metals and is of
great scientific and applied importance This problem
can be solved both by the improvement andmodeniza
tion of technologies ofgold recovery and perhaps also
PGE from ores and dumps and by the deciphering of
the geochemistry ofthe supergene migration and regen
eration ofnative metals in placers

S In permafrost areas where several gold deposits
occur in Russia and Canada dissolved gold is concen
trated in the residual unfreezing liquid of the active
stratum during its seasonal freezing and thawing The
gold concentration in the Iiquid can thereby increase byalmost two orders of magnitude The cryogenic con

centrating ofgoldbearing solutions in intercrystalline
liquid films in ice can facilitate gold regeneration in
placers on the surface ofgold grains and particles or at
adsorbents The permanent freezing ofsoils activates
this process and can result in the restoration of the gold
potential of depleted placers and mine dumps
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PART 2

DATA SUPPLEMENT TO

INVESTIGATIONS OF SOME MINERALOGICAL PETROLOGICAL GEOCHEMICAL
AND GEOLOGICAL RELATIONSHIPS AT THE ARCTIC CHIEF WEST LOCALITY
WHITEHORSE COPPER BELT YUKON TERRITORY CANADA

Thomas C Mowatt 1

June C Mowatt 2

June 6 2007

1 Geologist and Senior Associate OnLine Exploration Services Inc Anchorage Alaska co
Post Office Box 1438 Haines Alaska 99827 USA

2 Geologist Deceased 1992

Part 2 of this report the Data Supplement addendum is attached below This presents
additional information including sketch maps showing general locations of sample sites
abstracted field notes results of 30x80x stereomicroscope examination of samples
petrographic microscope examination of selected materials as grainsinoil analyses and
other comments by TCM
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SKETCIi MAPS OF SAMPLE LOCATIONS ZtU42Q06 ARCTIC CHIEF
WHITEHORSE COPPER BELT YUKON TERRITORY CANADA

Three sketch maps follow Labelled Page 1 of 3 Page 2 of 3 Page 3 of 3They are

not drawn to scale lie cartoons

Each map depicting variously the locations from which sample materials discussed in this
report were obtained The numbers andor letters representing such locations on these maps
are those referenced elsewhere above in the present report as well as in the
condensedabstracted field notes and the initial analyses resulting from the preliminary

nx mie a natintnaym fspecimens which make up the two sections of supplemental data
below comprising the remainder of this report
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FIELD NOTESCOMMENTS ON SAMPLES COLLECTED AT THE ARCTIC CHIEF

AC LOCALITY TCM

The sample labeling scheme used is exemplified as follows TM samplersinitials 04
the year 2004 6the sixth month June 9 the ninth day of that month 3the

sample localitysite for that day per the field notes the final number N is that assigned
to athis particular specimen

fe in this instance TM04693N

Sample locations are shown on the sketch maps Pages 1 of 3 2 of 3 3 f
3 above

FIELD NOTES 9 JUNE 2004

9 June 04

1 Character samples carbonate rocks apparently marbles calciphyres skarn
materials ores from rubblecroprubble Note some brownish specks perhaps
brucite after perclase in some of the carbonate rocks Locality is on the north rim of
the minedoutpit the west pit the larger of the two pits at the Arctic Chief The other

east pit is lower down the hillside to the south and east of the larger pit and features

granitic rocks at the western end

2 No samples thus labelled
TM04691Map B1

3 Just southeast of locality 1 AC west pit along north rim just above the entrance

to the pit Samples inplace or immediately below pitmargin outcropsexposures tricky
to work on alone Carbonate rocks marbles immediately adjacent to skarn materials

calciphyres The skarn here appears to occur as an originally igneous
apophysisprojectionfingerlenslike mass intowithin the carbonates Analogous to a

crushed zone setting Note some brownish specks perhaps brucite after perclase in
some of the carbonate rocks

Presumably the igneousappearing rocks here are or are related to those termed in
the literature as mafic dikes As observed here porphyritic light buffcolored

phenocrysts of altered plagioclase with greengrey finegrained matrix These rocks
are hard ringingbellbanging when hammered with sharpedged fragments and are

in evidence as apparent rubblecroprubble here

Might these socalled dikes actually represent marginal portionsloffshootsborder
zonedchillsrapidlycooled variants of the contaminatedbasification by
assimilationreaction with intruded rockscarbonates cf TM046932an

apparent plagioclase pyroxene rock of interesting saltandpepper aspectpossibly
igneous texture main granodioriticgranitic magman responsible thermally and

geochemtcally for the bulk of the metamorphismmetasomatism at the AC

Are these dike rocks andor theany other skarn rocks here at this sample
sitelocality at least in part endaskarn at least in a certain senseone sense or another
Fine grainedporphyritic rapidlycooledquenched variants of a dioriticmore mafic

magmatic type with plagioclase phenocrysts having formed initially during basificatton

1F
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of the main magma at the periphery of the main intrusive body and quenching of the
matrix subsequently during injection into country rocks as basified magma at elevated

temperatures With perhaps some or perhaps relatively littlelnone

metamorphicmetasomatic effects even at the relatively high temperatures likely extant due
to the relatively small volume of these melt materials as well as perhaps the physical
conditions leading tolpermitting their migrationlintrusion into the country rocks on adjacent
surrounding country rocks into which this partially crystallized mafie melt was intruded

le relatively rapid intrusion perhaps due to tectonic activitylfracturing of country
rocks with attendant pressure droprelease cooling etc

Perhaps aided and abetted in their distribution emplacement cooling and solidification by
structuraltectonic eventslfeatures in particular fractureslfracture zones perhaps related

to the contraction phenomenonA associated with the evolution of the main magma bodyies
as discussedespoused by Aleksandrov ie perhaps representatives of the main magma
extant at depth subsequent to the metamorphic and metasomatic eventsconditions attendant to

the formation of the skarns and related mineralization Longlivedn or perhaps only
relatively shortlived tectonic crush zones ie Featuringaffordng porous and permeable
zones reduced pressures locally andlor for relatively brief periods of time perhaps
facilitating migration flightescape of morebasicless silicic higher temperature lower

viscosity melt materials as fugitives in a sense from the bulk heat source of the main
magma body With or without assistance from tectonic manifestations related to physical
differences in main magma body versus surrounding rocks in addition to heat

differentialsgradients
is the somewhat casualsummary treatmentdismissal of these dikes especially in terms

of their influencelrelevancelsignificance with regard to the metamorphismmetasomatism
mineralization as mentionedlindicatedsuggested in reviotts reports perhaps mis

guidedinappropriatelshortsightedpremature
A NOTICNflHREAD PERHAPS WORTH LOQKING INTO FURTHER

Cf below locality 4 photos from opposite southfl rim of pit featuring views of

locality 3

TMQ463 Map 3

4 Just across the AC west pit entrance from locality 3 to the southish Samples and

photos looking northward at locality 3 and around the pit to the west Samples of carbonate
rocks marbles and calciphyres skarn materials ores inplacelrubblecrap
Note some brownish specks perhaps brucite after perclase in someo the carbonate

rocks Note interesting structures in the carbonate rocks and associated skarh materials

across pit entrance as shown in these photos
Tnnu5j iuiap

5 Just east of locality 3 on northeast side of AC west pit Outcrop and subcrop
carbonate rock samples marbles and calciphyres rubblecroprubble samples of

skarny materials ores endoskarnldiorite material Note some brownish specks
perhaps brucite after perclase in some of the carbonate rocks

TM04695j Mega 5

C Today also collected grablcharacter samples of rubble from along the road downhill east of

the AC west pit Samples likely came from the AC a stn pit Samples taken at

2F
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easternmost end ofi the smaller pit area along a shoulder on the north side at the open end of

the cut ie the end distal from the pit headwaii into the pit proper Several photos into pit
with granitics1 at the tar endlheadwali of the AC east pit

FiELDNTES t0 JUNE 2004

Photos of Arctic Chief east pit Fcom about the TM046g6iocaie

Photos ofi AC west pit From both the TM0469fand locales as well as the TM04
6g4 locale

1l June 04

1 Below iocaie S June 043TM04693j rim of AC west pit Samples of skarn

materials carbonate rocks marbles and calciphyres brownish specks perhaps
brucite after periciase noted in many of these as well as dike rocksRubble
immediately below the semiintact outcroplexposure hanging overhead as weii as jutting out

over the edge of the pit wall a dicey sampling spot not a piece to spend the night
Cf remarks under entry 9 June 043 above Cf numerous photos

TMQ461Q1Map 3

2 A variety of character samples from rubble near entrance to AG west pit Most not far

from their apparent inplace sources just uphill others mare likely are appreciably outof

place from elsewhere inside the pit moved and deposited here by activities during the course

of developing the pit etc

3 Additional samples from near J June 045 locality which ct
TM0461Ef3Map 13

Next opted to search for carbonate rocks of more original naturelcharacter ie hopefully
outside the sphere of influence of the intrusives rocks at least of lessthanmarblegrade
Drove on up the road beyond the north side of the top of the AC west pit went a couple of

miles with fair but intermittent rack exposures apparently of igneousgranitic
dioriticImetamorphic character

Perhapsliikeiy it would be more fruitful to pursue unbesrnirchedfuntainted hopefully
stratigraphicaliy at least somewhat equivaien carbonate rocks along strike to the north

northwest or perhaps across the entrance to the AC west pit into and beyond the
carbonate rocks exposed at the rim of the pit on that south Side ie at the 04694iocaie
and along its trend Cf the striking mountainside cf photo 36n exposures some distance

to the north of the AC Need to check with Mike Burke on this Although the exposures along the

entrance cut of the east pit at AC might well have the sorts of precursoriai carbonate

rocks Im looking forJ

3F
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4 Outcrop 4a sample locality skarn materials along the road at odometer reading
1847 on uphill beyond the top of the AC west pit Other samples here include a piece of

floatsubcroprubblecrop perhaps even roadbuildingbulldozerrelocated if so from

uphill presumablymast likely and redeposited material of skarnIdioritic
hornblendebearing rock taken from the southern side of the road displaying
appreciable amounts of moybdenite on fracture surfaces of broken sample cf HAT new
type mineralization The outcrop at this locality crosses the road with evident skarn

featuring calcite redbrown garnet etc

3M04fi104Map Z14

5 Odometer 1847Outcrop featuring appreciable amount of sulphides
pyritepyrrhoYrtearsenopyrite on fracture surfaces of broken diorite

specimen cf HAT newtype mineralization Outcrop on the northern side of the road

TM04fi105jMap Z15

6 Odometer reading 1849Outcrop at dip in the road just NVV of the top of the AC west
pit Rocks are dioritic endoskarn Darker sample is from outcrop fighter one is
floatnot actually in place

TM04fi10fiMap Z1fi

7 Odometer reading 1850Outcrop at the junction with the road out to the top edge of the

north rim of the AC west pit Sample of skarn endoexo materials with garnet
veinlets etc

TM04fi107Map 2117

8 Same locality as 9 June 043which cf Photos of pit Samples of carbonate rocks
skarns TM04fi108Map Z18

9 Same locality as 9 June 045which cf Photos of pit Samples of carbonate rocks
skarns TM046109Map Z19

X Ended the days efforts at the Arctic Chief by taking a number of serendipitous
grabrubblecharacterdoorstopexploration samples from here and there targets of

opportunitya alongbeside the road from the northeast edge of the AC west pit which
extends northward to its junction with the road leading up the hill

TM04fi10XMap Z

End field notes June 2004

FIELD NOTES 9 August 2004

Arctic Chief west

Photos fromNE rim of pit into pit Sunrise shots all around View from TM0469

13 localities Map s 1 3

9 August 04

4F
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Samples from TMrJ4693iocaie Dike rocks etc vs hard carbonate rocks
Contact between skarncarbonate rocks Dikes plagioclasepyroxene rocks of
SMA Cf photos across pit mouth poking toward iocaie 5 These dikes appear possibly
in photos taken from TM04694iocaie to be associated with tongues of
skarnlintrusive rocks into the carbonates

2 Collected as rubblerubblecrap four large bags ofi typical garnetpyroxene
skarn specimens along the road from the north rim of the pit read leading up the

hill

TM04832 Map Z

Traversedltoured the southeastsouthwest rimslupper benches ofi the AC west Many
phoos from there and from the pit entrance as well as from the northnortheast rim
carbonate rocks locales

Did some sketch mapping via pacing and Brunton compass

Noted no granitics at the eastsouth and southwest rims of the AC west
pit during my approximately 34of the way around traversetour of the accessible portion
of that area Seems to be ail garnetpyroxene l skarnU rocks thereabouts PLAIN
TO REVISIT

Collected a number of samples prpbabiyllikely as rubblecrop pfi typical pyroxene
garnet skarn from the toplbench and edge of the southwest Map E and
southeast rims Map 2 of the AC west pit Also collected samples of ores same

banded from the easternmost part ofi the southeast rim

This traversetour also included the southn headwall rim of the AC east pit area

including photos Note granitics porphyriticvery fine grainfine graincoarser
grained some containing mostly maficA xenoliths in rubble above this rim PLAIN
TO REVISIT
Map F 23partj

12 Octaber 2004

Arctic Chief area Windy and a bit chilly this morning up on the AC ice on the windshield etc
down in the valley at Whitehorse this morning

TM0410Y211 1

Collected ores ie magnetite bornite chaicopyrite from the AC west pit
entrance and on inside pit Map 22 as well as uphill Map 22A on south side of
the pit entrance in approximately the TM694area Rubbielfloat samples Some samples
frozen in place Several nonore specimens of skarnpmaterials etc from below the
TM04683area Map 22

5 F
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rM04iQ122

Below approximately eastnortheast of the TM04694 locate in the area peripheral to

the head of the AC east pit Rubblefloat samples of granitics ores Map 23

Left the rather impressive moiybdeniteladen foot speeimen of TM046104B

Map Z with Jim Coyne for his continued edificationamusement possible slabbing to

cook at veinalterationhost rock characteristics As R Zuran put it examining a piece
thats a lot of molt

END OF 2004 FEELD SEASON

FIELD NOTES May June 2005 1

25 MaX 2005

Arctic Chief west

Photos from NE corner Maps C of rim of pit Views from in at and around

the TM046913 5 localities

TM05525e

toplace and recognizablydisplaced samples from TM04693locate Map area

CMap area 3 Dike rocks etc vs hard carbonate rocks Contact between

dikefskarncarbonate rocks

Speculatively These dikes appear cf photos from TM04694locale to perhaps
betongues related toof skarnintrusive rocks into the carbonates Or

rathermerely dikes from magma intruded eitherorall priordurinfsubsequent to

the main magma events which were responsible for the formation viz metamorphism
and metasomattsm of the skarns and ore mineralization EOr rather bothalt of these

Samples represent outcropinpiacerubblecrop materials either inplace or not at all

far from being actually inplace Many of these specimens were obtained inplace at some

varying degrees of hazard from the very brink of the overhangingpit rim

Specimens of carbonate rocks marbles and caiciphyres brownish specks perhaps
brucite after periclase noted in many of these porphyritic as welt as more equigranular
dioritic igneous rocks this locality is at the massive exposure Trot the

birdexposure cf photos and legends 2004 skarns materials with some magnetite
Some examples of lenseszones featuring garnet pyroxene magnetite

adjacent to carbonate host rocks Same photos of latter occurrences

These rocks occur in a threepart or more sequence from from left to

rightsouthish to northish cf photos the igneousfdike rocks through a

black material interval and thence into whitishsight grey carbonate rocks

6F
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As can be discerned on some of the photos taken the site ofTM055251shows an

interesting relationship between the darkishlight greylight greygreenish dike

rocks exposed in the massive exposure atop this locality and the adjoining carbonate rocks
At least in places a zoneflenses of very dark greenfblack materials occurs
between these porphyritic and moreequigranular igneous rocks and the light greylwhitish
carbonate rocks

There is somefa fair amount of smallerscale intermingling between adjacent zones of

this sequence cf samples Some interesting structuresftextures ara manifest in some of

these specimens The black interval appears megascopicaflylfrom a distance to perhaps
represent at least in part a sheared interval with apparent siickensides etc noted on

closer examination in paces The blackish material appears at least in part to be chlorite

Speculative scenariosn for this particular locality might include

1 Black materialfzone a zone of sheaNcatactastic materialsfgouge resulting from

structural movement and attendant deformation along the dikefcarbonatercks contact zone

subsequent to solidifiication of the dike rocks with similar possible scenarios as suggested in

2 beow as to the natureftimingsequence of metamorphic andfor metasomatic
effectsfevents

2 Blacks materialzone contact metamorphicfinetasomatic productsof dike magma
intrusive into the carbonate rocks the carbonates either previously
unmetamorphosedfmetamorphosedmetasomatizedfaffected by skarning
eventsprocesses prior to intrusion of dike magma

3 Dike magma coeval with or an apophysis of the main magma which was

responsible for the overall contact metamorphismfinetasomatism of this depositflocality Or

subsequent to this Or prior to this Perhaps as a guessfimpressionfinterpretations the

dike magma is an offshoot of the main magma from the relationships observed at this
locale in particular

Some other observations at this locale Map C seem worthy of note as we

A Same distance firom this Vantage point in an approximately northwest direction apparent
greygreen rocksfmaterials can be observed to occur at and near the top of the steeply
dipping sheerfaced Northfl wail of the pit These greygreen rocksfmaterials might well

be on trend with the massive exposures ie at locate Map randfor the bird dike

rock also greygreen in aspect exposures at the NE pit corner rim area on the N side
of the pit entrance respectively ef 2004 photos as well as photos taken this date

Or these greygreen rocks near and at the top of the N9 pit wall might alternatively
be a continuation across the pit ie of a possible dikefintrusion exposed in the the S

SE wail of the pit adjacent to the carbonate rocks tf of locate Map 4 This possible j
dikefintrusion in the SSEn watt of the pit is the Vshaped feature with reddish margins
shown in photographs 2004 2005 from the NNE rim ofi the pit looking approximately
South

B Also note photos of the abovedescribedVshaped feature in the SSE wall as taken
from the NE corner area on 25 May 2005 Note especially those featuring the carbonate
rocks of Map 5 with theontrendequivalent carbonate rocks ofi Map 4 in the

distance across the pit entrance with theVshapedn eature to the west of the carbonates in

the SSE wall of the pit
C Need to revisitfcheckfsample the rim above thisVshapedA feature as weft as the pit

below it Unfortunately the steepfessentialty vertical pit wall itself further

threatenedendangered by its overhanging rim is not readily accesstbtefsarnpled inplace
7F
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Also took other photos from site Map Cn and of the site itself as well

TM055252

Samples two from outcropinplace of the steeplydipping sheerfaced northeast pit
wall near Map Ofl locale Pyritic siltstone unit or

Also several photos from this site

TM055253
Also collected a number of garnetpyroxene samples from the road from the north rim of
the pit road up the hill the areas of Maps O Z F1oatrubble

materialscharacter samples Exploration samples One never knows what might be

lurking inside these or any types of rocks As I earned way back when

Other photographs taken from Map 5 1 etc from this general area of the NE corner of
the pit rim

26 June 2005

ARCTIC CHIEF west
1 Character samples A from Map 3 locale magnetite Character

samples B from the northwest side of the pit entrance magnetite
TM056261A B

NOTES View of AC east pit from AC west pit entrance Sketch in notebook Accompanied
by D Hogarth

END OF 2005 FIELD SEASON

FIELD NOTES August 2006 1

22 August 2006

Arctic Chief west Whitehorse Copper Belt Yukon Territory Canada

reefer tv cnClGSed BketCii maps akiCVe for ivatiGnS of the SaiipleS described in tfie f0iiowing
notes of this date

TM068221

Atop the veneer of carbonate rock rubblerubblecrop which overlies the massive

exposure ofathe dike at this site Cf MapCPortions of this exposure of dike rocks were
sampled Samples of the carbonate rocks were also taken All samples were of loose
material However the dike rock samples in particular are subcrop of adjacent inplace
portions of the dike Samples feature banded and dioritic rocks among other types
Refer to work of previous years at this locale for additional comments details etc

GMC DTREPORT 3 4 4
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TM068222

Locality shown on above map Page 3 of 3 is in the AC pit up on the side of the wall of

the northern corner of the pit entrance where it adjoinsmeetsthe wall of the main portion of

the pit

The geologic relationships displayed at this locality are shown variously in the numerous

photographs taken of this site in previous years see photo index files A rough sketch

Attachment T M 06 8 22 2 cf below made in the field shows the general
spatial relationships of the materials comprising the tongue of darker materials into the

host carbonate rocks This sketchgeocartoon is not to scale since direct measurements

were not readily feasible due to difficulty of access Approximate dimensions were estimated in

the field as well as by comparisons from photographs to the dimension of the exposure of

sillrock above this location which was pacemeasured previously

This is a very interesting perhaps key locality It is the location of acopperbearing
tongue of dark materials skarn presumably projecting into carbonate rocks

atnearfalong the apparent crest of a structural fold in the host carbonate rock sequence This

is the gaudy feature shown in many photographs taken from various sites during field

work of previous years 20042005

Samples were taken of all principal lithologieszonesetc
Represented were hosdcountry carbonate rocks the predominant carbonate rocks in the

sequence exposed here are light grey with subordinate proportions of discrete interbedded

sedimentary presumably 1 horizons of darker grey carbonate rocks cf photographs
Also sampled were a variety of darker rocks representative of skarnlike and

igneous materials Samples included inplace materials as well as some subcrop
and rubblecropfloat the latter samples were obtained immediately below those portions
of this location not readily accessible Essentially vertical or overhanging waIs in places

SUPPLEMENTAL NOTES REGARDING SAMPLE LOCATION TM068222AB C

Cf Attachment TM068222

TM068222A

Specimen 1n from the centralmedial portion of the medial zone X of the greyish
greenish rocks

Specimen 2from zone X intermediate between specimen 1 and specimen 3

Specimen 3from zone X adjacent to the upper part of zone Y

Specimen 4from zone Y nearadjacent to the lower part of zone X

Specimen 5 from zone YA zone Z harder area

Specimen 6 from zone Y zone Z border area more distal from zone X

than specimen 5

TM068222B

Specimen 1 from zone X

Specimen 2from zone X zone Y contact

Specimen 3 from zone Y zone Z contact

Specimen 4 from zone Z

Specimen 5from zone Z somewhat more distal from zone Y than specimen 4
NoteCustainingmineralization inon this specimen taken at the edge of the prominent

9F
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green area shown on photograph 5 and other photographs which show this tongue
liken geological feature

Specimen 6 from zone Z more distal from zone Y than specimens 4and

5

TPJl068222C

Specimen 1 from zone X zone Y

Specimen 2 from zone Z

The two specimens from TM068222C represent materials from the easternmost
tip of the tonguelike feature at the end of this structure where it terminates in this

exposure against countryhostwall rocks

The six specimens from TM068222Brepresent a crosssection ofi this fieature
further to the west from the 2C location This section was taken from the medial core

to the lower edge of this tongue into the wall rocks

The six specimens from TM068222Arepresent another crosssection further to

the west from the 28location toward the western end of the exposure of this tonguelike
feature This crosssection atso was taken from the medial core to the lower edge of this

tongue into the wall rocks

The attached sketch Attachment T M O 6 8 2 2 2 roughly depicts the

relationships of the samples taken to the tonguetike body overaiL

Some comments on the character of the zones as adapted far purposes of field sampling are

as follows

Zone X Made up of greygreenish rocks of apparent igneous aspect Grain size of the

specimens shows a general decrease from the centraifinedia portion of the zone outward
towards zone Y specimens 2A1 2A2 2A3 Specimen
2A3is adjacent to zone Y and features porphyritic texture with an aphanitic
groundmass perhaps suggestive of a chili zone of sorts Specimen TM068222C1is

somewhat more complex in character having farmed out at the tip of the tongue

Zone Y Comprised of reddishbrownblack rocks of apparent skarn aspect featuring
apparent garnet pyroxene magnetite copper minerals

Zone Z Consists of wallhostlcountry rocks of carbonate composition variously affected

by metamarphlsmfietasamatism veiniiynagnetite

Zones Y and Z which were not sampled due to appreciably greater difficulty of access

appear to be essentially similar mirrorimages so to speak in general to zones Y and

Z respectively peripheral to zone X

Further musings on the TM068222 location are as fiollows

This geologic feature apparently represents a tongue of skarn and skarnrelated

materials projecting into adjacent carbonate rocks This location is apparently marginal to

the previously present principal mineralizationorebody of magnetitebornite
chalcopyrite now minedout from the AC west pit

10F
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Perhaps it is not atypical thus of the conditionsfsituation extant riotingresponsible far
the more extensive minetaiization of the main ore zones Hopefully providing an example
though at a smaller scarein miniature perhaps of the processes and resultsproducts at

this deposit
Possibly a vestige of more substantial skarn formation related to a portion of the ore body

This featurellocation is on the marginJperipheral to the minedoutpit And there rs

magnetite popper staining at this site Copper staining reflect bornite andor

chalcopyrtte andlor

Apparent presence of certain silicate minerals viz forsterite serpentine
phlogopite indicative of a magnesian skarn situation The carbonate countryfwall rocks
are on trend with the pericase brucite marbles just to the north of this site

The nature of the zone K apparently igneous rocks ie dioritic porphyritic
andesitic is of interest as are the grain sizetextural retationshipslintrusive
characteristics noted

Are these igneous rocks representativeindicative of the characterJcamposition of
the main magma responsible for the the metamorphismmetasomatism at the AC west

elsewhere in the area Andor modified by assimilationeontaminationfreaction etc

etc Cf other samples taken on August 8 20fl6 elsewhere in the AC west pit
especially those of dtoritic aspect collected in the vicinity at the sumpJpondglory
hole near the southwest corner of the pit floor

VYhat is the relationship of these rocks with those of the dikes in the neighborhood The

porphyritic specimen collected from the tongue has a fair degree of similarity in

megascopic aspect to some of those dike rocks Though presumablysupposedly these dikes
were later than the metamorphism metasomatism ore deposition The apparent lack of

significant contact metamorphic effects between dike rocks for example at the birdlike

dike exposure cf TMCi62225or its likely extension at the nearby massive
site exposure and immediately adjacent carbonate wall rocks is suggestiveinformative As
are the observed relationships in this tongue

TMo68223

See above map Rage 3 of 3n for location Samples of rubblecropfloat materials
collected along a traverse from the south wall of the pit entrance where it meets the main watt
of the pit to the south corner of the pit The traverse proceeding along the footllower flanks of
the southeast watt of the pit just below thenearverticalverticallovefianging wait

Character samples were taken from the pit entrance carbonates thence

southwestward Collecting sequentially dark orels followed by skarnmaterials

pyroxenegarnet f to the southern corner of the pit Some white materials

carbonate were collected beneath exposures observed higher above in the pit watt

Photographs of the AC west pit show general relationshipsfeatures Faultsffault zones

Soiic with aSsoiated alteration vis greengieenShyellow rustyreddishBrown esp
were noted with moderate frequency in the pit wall abng the course of this traverse Cane such
zone occurs at the south corner of the pit where the southeast and southwest waits of the pit
meet

TMt368224

See above map Rage 3 of 3fl for location Numerous photographs aver the years
feature some views of this location Traverse was along the footlowermost flanks ofi the

southwest pit watt atnear the base of the verticalnearverticaloverhanging wail

Samples of rubblecropfloat character Rocks predominantly skarnmaterials minor
exceptions being several white patches in this southwest watt remirtiseent of similar

i 1 1
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features observed in the southeast wall of the pit This skarn comprised principally of

pyroxene andor garnet with associated pockets ofeusubhedral calcite garnet minor

chalcopyrite No graniticgranitoid rocks were noted along this wall of the pit
However distal from the wall proper toward the center of the pit there is a relatively

small depression at the deepest part of the floor A sumpfgloryholes of sorts

presumably As noted over the three years of this study subject to flooding and formation of a

small pond Though this pond was appreciably smallerdrier on the present date
At this location a pile floatrubblesubcrop of dark dioritic rocks was

noted and sampled Perhaps representative of racks occurring infnearbelow this facation

Indicative of similardioritic rocks in place below Perhaps representing exoskarn

orand endoskarn A portion of a phasecarapaceshellborder zone of the

main magmatic masse related toresponsible for the AC metamorphism metasomatism
skarn and ore formation

TIW068225

See above map Page 3 of 3 for location Numerous photographs feature some views of

this location LocalBty is toward the top of the north wall of the AC west pit entrance At the

contact between the birdshaped exposure of the dike and the adjacenttransected carbonate
rocks Samples were obtained from the area of and near the chinthroat part of the

bird Cf TCM photographs from previous years 2004 2005 and this date

Inplaceoutcrop samples of carbonate rocks and adjacent dike rock Also some samples as

float from this area Also other samples of rocks as floatrubble in the immediate area

No specimens containing both carbonate rock and adjoining dike rock together in one sample
were obtained as all attempts to obtain such a sample succumbed to the blows of a hammer and

the two lithologies parted company The bond between these carbonate host rocks and the

intruded dike materials is not physically strong apparently a sharp contact indeed here

Only relatively minor alteration vis some slightmoderate shearinggouge
serpentinization of the igneous rocks was noted The whitebuffvery light grey

carbonate rocks give off a ringingtinklingbellbanging sound under the hammer or when

pieces are struck against one another Specks of lightbrownish bruciteafterpericlase
apparent in these marbles The igneous rocks are dark greenishgrey aphaniticvery fine

grained at the immediate dikehost rock contact with larger grain size in places porphyritic
with apparent plagioclase phenocrysts developing with distance from the contact

It appears from the nature of this contact andor the lack of skarn or ore formation

unlikely that appreciable additional contact metamorphic metasomatic effects

occurred in the host carbonates due to thermal or other effects related to these adjacent
igneous dike rocks The carbonate rocks presumably having been previously subjected to the

periclase marble level of metamorphism in more pervasivearea fashion preceding the

formation of this dike here While these dike rocks themselves lack obvious features

attributable to such a level of metamorphism hence appear to have been emplaced post
periclase marble formation

END OF 2006 FIELD SEASON
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COMMENTS ON PRELIMINARY ANALYSISTRIAGING OF ARCTIC CHIEF SAMPLES

TCM

All field samples were subsequently examined further in preliminary fashion triaged
by TCM in Haines utilizing hammer chisel hand lens acid bottle and a 30x60x stereo

microscope on rack surfaces freshlybroken and otherwise In some select cases also

examining grainsinoil materials using apersonallyowned petrographic microscope
Deferring to S M Aleksandrov SMA for decisions as to thinpolishedsection
petrographic analysis etc as he might see fit In any case the lowbudget circumstances

precluding appreciable petrographic thinpolishedsection preparation and analysis by TCM

A substantial amount of detailed analyticallaboratory notes accumulated as the result of this

preliminary examinationtriage stage Including observations commentary sketches and

photographs The stereo microscope can be a valuable tool indeed Due to the accumulation

represented they are not included en toto nor even in any great detail in the present

report TCM can be contacted regarding specific interests questions etc

Selected materials about one hundred specimens in all were then mailed to Dr Aleksandrov
at the V L Vernadsky Institute of Geochemistry and Analytical Chemistry Russian Academy of

Sciences Moscow for examination evaluation and further analysis as he deemed appropriate
to his own ongoing research This latter work included hand specimen petrographic
microscope microprobe analysis etc of representative materials of particular interest

The following are some selected comments as culled from the analytical notes TCM
mentioned above Of particular interest were observations dealing with samples which the

entire specimen or portions thereof were subsequently sent to SMA Especially the

periclase brucrte marbles calciphyres banded rocks and ores etc Descriptions and

sketch maps of fieldsampling localities are presented elsewhere above in the Data

Supplement section of the present report

The sample labeling scheme used is exemplified as follows TM the samplers initials 04

the year 2004 6 the sixth month June 9 the ninth day of that month 3the

sample localitysite for that day per my field notes the final number N is that assigned
to athis particular specimen

le in this instance TM04693N

1981 Samples

TM17301

Skarn Garnet pyroxene major minerals Subordinate to minor amounts of calcite

carbonate magnetite quartz epidote actinolite wchlorite idocrase chalcopyrite
serpentine Andor perhaps some bornite tremolite woltastonite

Garnet Eusubhedral to anhedral massive reddishbrown often enclosedlsurrounded by
pyroxene calcite

Pyroxene Euhedralsubhedral to anhedral massive dark greenblackish
Calcite Euhedralsubhedral to anhedral granular patchy massive pinksalmonorange

whiteclear colorless

Quartz Anhedral to some subhedral colorless clear glassy
Magnetite Octahedral and cubic euhedral crystals black Some apprpnt magnetite might

actually be bornite
1A
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Epidote Euhedraf and also lesswelldeveloped lemonlime to pistachio cobra

Actinolitechloritetremotite serpentine in part Sheaflike crystals eu

subhedral and anhedral granularmassive patelight green to green
Serpentine Fibrous light greenishwhitishcolorless
chalcopyrite Eusubhedral and as lesswe8developed crystals

Assemblagesrelationships
Magnetite occurs within quartz epidote calcite and adjacent to chalcopyrite
Epidote occurs oNafter black pyroxene some of which is eusubhedral

Garnet occurs within calcite as well as intergrown with pyroxene

Serpentine occurs with tremoliteactinolite
Quartz encloses magnetite epidote is noted adjacent to chalcopyrite
Quartzepidotegarnetcalcitepyroxenemagnetite
White granular wollastonite adjacent toon calcite in veinsfracture fillings

adjacent to garnet Some at least of the apparent wollastonite might actually be

weathered calcite

Vuglike patches maximum dimension observed aboutl0 cm of calcitearbonate

euhedral and lesswell developed garnet euhedral and lesswell developed pyroxene

euhedral and lesswell developed quartz anhedral chalcopyrite Grains range from

2mm to substantially larger and are welldeveloped crystals for the most part These

patchesvugs are disseminatedscattered throughout the specimen the remainder of which

consists principally of pyroxene and garnet coarsergrainedfmore massivelydeveloped This

latter type of intergrown garnet and pyroxene minor amounts of alteration products
and scattered darkblack opaques comprise the bulk of this skarn materialfrock

These vugspatches are suggestive in terms of general petrologic aspect as well as

geochemical mineralogic and textural characteristics of some form of latestagelast gasp
crystallization related to relatively volatilesrich fluids There is a pegmatoid aspect
to them Their mode of occurrence as often vaguelydefined features within a variedsize

mosaic principally composed of massive garnet and pyroxene is striking Typically
somewhat vaguelydefined yet generally readily discernible boundariesborders between

patcheslvugs and surroundings are observed

The carbonate seems akey the typical feature the essentially omnipresent mineral

of these patches Together with the quartz and sulphides epidote serpentine etc
suggesting concentration of C02 Si some forms of S and likely H2O presumably in
a fluid phasees within a surrounding environment of CaFeMgrich materials

TfVl817302
Skarri Garnet pyroxene major minerals Subordinate amount of caicitelcarbonate

minortrace amounts of magnetite quartz epidote actinolite serpentine chalcopyrite
malachite borntte Possible pyritepyrrhotitearsenoprite andor some

tremolite wollastonite talc Traces of several fractures noted with calcite andlor quartz on

raeture surfaces
Garnet Eusubhedral to anhedral massive reddishbrown often enclosedsurrounded by

pyroxene calcite

Pyroxene Euhedralsubhedral to anhedral massive black to dark greenblackish
I ntergrown with often enclosed by garnet

Calcite Euhedralsubhedral to anhedral granular patchy massive pinksalmonorange
whiteclear colorless

2A

CMG A1 REPORT 3 4 4 Page 21



Quartz Anhedral to some subhedrat colorless clear gtassy
Magnetite Octahedral and cubic euhedral crystals and as lesswelldeveloped grains black

Some apparent magnetite might actually be bornite or other minerals As well some of
the magnetite might represent perhaps pseudomorphicatly replacements of preexisting
minerals viz esp borates

Epidote Euhedrai and also lesswelldeveloped lemonlime to pistachio color

Actinolitelchloritetremolite serpentine in part Shealike crystals eu

subhedral and anhedral granularmassive patelight green to green

Serpentine Fibrous light greenishwhitishcolorless
Chalcopyrite Eiasubhedral and as lesswelldeveloped crystals
Bornite subhedral and lesswelldeveloped grains blackpurplishbluish

Assemblagesrelationships
Garnet after pyroxene

Massive pyroxene with the appearance of being engulfedaltered byfto garnet
Calcite after pyroxene garnet
Minorftraces of epidote on pyroxene

This specimen also features vuglike patches similar to those described above cf TM81

7301

2004 Samples

TM046931

Calciphyre Calcite with marble texture Disseminated brownish spinet as well as

apparent brucite pseudomorphous after periclase Cf remarks on similar appearing
periclase brucite marble under TM046938below Other minerals noted are

forsterite phlogopite serpentine talc afteradjacent to forsterite talc
magnetite or perhaps other black mineralsMagnetite might be pseudomorphous
after MgFe borates

TM046932

A graniticaspect rock Featuring fractures filled with epidote calcite quartz
magnetite Rock also features black eusubhedral pyroxeneamphibole shows
some apparent approx 80degrees cleavage plagioclase note subhedral crystal
morphology cleavages quartz some magnetite associated

pyritechalcopyrite alt altering to limonite Also some epidote on fractures and

in vugs after calcite etc as well as marginal to as alteratio of
plagioclase

A quartz dioritic perhaps a quartz gabbro rack now Altered

rockendoskarnn Or representative of a plagioclasepyroxene zone per SMA

TM046933

Zoned magnesianskarn material An excellent example of its type
Five distinct zonesportions occur in this specimen the specimen is approximately 11 cm

in maximum dimension
A zone on the order of 3 cm as exposed of periclase brucite marble occurs at one edge

of the specimen Cf remarks on similarappearing periclase brucite marble under TM

046939 below
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Next to this is a zone approximately 35 mm in width comprised principally of reddish

brownish garnet with associated quartz chlorite

Next to this is a zone on the order of 2 cm wide consisting principally of dark

greenishblack pyroxene
Followed in turn by a zone about 4 cm wide made up principally of phlogopite
Next to this is a zone of calciphyre occupying the remaining approximately 2 cm of the

specimen along this traverse across its surface parallel to the maximum dimension of the

specimen

Perhaps representing a veinlike development of skarn With similarities to sample
1 above Portions of the specimen consisting of marble are principally calcite with
disseminated brownish materials somemost of which appears to be brucite after

periclase while some perhaps is more likely spine The calciphyre lithology features

major calcite subordinate forsteriterelated alteration products viz serpentine

phlogopite as weft as perhaps trace amounts of magnetite andor spine

Compare this specimen with specimens TM0469310ii 12

TM046934

Pericfase brucite marble calcitic whitelight grey Containing sets of darker

colouredlgreyish crossfractures The fractures filledhealed with clear hence the

darker greyish effect carbonatefcalcite le selfhealedfrecrystallized Crush

zones Rock otherwise rather homogeneous mineralogicaliy and texturally Though
small disseminated brownish specks occur some such being brucite after periclase as

well as some spinet andor

Cf remarks on similar appearing periclase brucite marble under TM046939
below

Specimen is a hardbellbanging rock which ringsfclangsftinktes nicely under hammer

blows or especially when thin slivers of the rock are struck together Chattering rocks

which chatter on amiably or irritably according to ones mood of the moment
as one makes his way or more frequently stumbles along slipping and sliding over

accumulations of rubblefloat fragments of this lithology The sort of rocks perhaps one might
be able to map by ear or even in the dark Sharp edges pointy corners too

TM046935

Carbonate rocks Pericfase brucite marbles

Two varieties sedimentary layering apparently manifest in this specimen one

essentially white the other greyercarbonaceousgraphitic with rather

abruptsharp contacts between these varieties

Set5 v intersecting fravttires tianSeii both of these varieties of rocks ttting afro sS

both similarly without interruption These fractures are similar to those mentioned in sample
TM04694above perhapslikely as selfhealedrecrystallized crushshear zones

Minerals present feature a glassy clear quartzylooking crystalline material

intergrown with a duller white crystalline material which shows subhedral crystals as
stubbyish formslathswhen in lesser proportion to surrounding quartzy material The

latter also exhibits some eusubhedraf aspects here and there possibly of quartz aspect
The lighter portion of the specimen consists of predominant white carbonate

calcite material the greyer portion of the specimen as well as the transecting
fractureszones contain carbonatecalcte as well appreciable quartzylooking mineral

A siliceousIquartzose periclase brucite marble Cf remarks on periclase
brucite marble under TM046939 below
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Tracefminor amounts of fineveryfinsgrained black crystalline materials occur

here and there including within fracture zones These perhaps consist of

graphitemagnetitefAlso disseminated in this specimen are many somewhat

obscure brownish specks which perhapsftikeiy somewhat unclear in this particular
specimen are brucite after periclase

TM04ti936
Carbonate rocks Periclase brucite marble

Two variants in this specimen One a dark grey the other a lighter greywhite apparently
interbedded Some fractures especially apparentfonly present in the darker variety
of rock here with lighter material carbonatefcaicite falong the racture surfaces

Might the lighter bedslayers of carbonate rock actually be widerfmega
shear zones with recrystallized carbonate alongwithin these zones One edge of

one of the white zoneslayers exhibits a distinct ringingbellbanging character

when struck sharply
The darker grey material features greyish vitreouslooking minerals

carbonatequartzIand appreciable associated darkfblack disseminated

materials The latter possibly graphitemagnetiteboratesfor Note in this

darker material brownish subequant on weathered surface grains of apparent brucite after

periclase Andor spinet
In the lighter material there appear to be at least two predominant minerals one dull

whitish the other a tight grey and perhaps more vitreousplooking Likely periclase
brucite and calcite

Cf specimens TM046934 5
Cf remarks on similar appearing periclase brucite marble under TM046939

below
to the darker material in this specimen these two predominant minerals also occur but

with a more substantial amount of black materialssvizgraphite magnetite
boratesf

These whitish versus lightgreyish minerals are present in approximately coequal
proportions in both the lighter and darker portions ie the lighter and the darker

carbonate rocksflayers comprising this specimen Hence likely represent

periciasefbrucite and calcite

Might at least some of the grey material be fluorite note an optical impression
of sort of a greasy appearance here and there Though perhaps more likely this is also

periclasefbrucite

TM046937

White carbonate rock Periclase brucite marble

iirjiii at least two Sets of intefS2Cting fraaureS The eartiei Set featurSgreyish gCiartZy
tooking material cf specimens TM046934 5 6 per above The later set

features some similar material though containing appreciably more black

materiatfminerats graphitemagnetiteMgFeboratestourmalinef
The white carbonate material appears to consist of approximately coequal amounts of a

white dullishappearing mineral and amore vitreousappearing clearer quartzy
Looking mineral which tatter however is not as greyish as the quartzylooking
mineral inassociated with the fractures

Cf remarks on similar appearing periclase brucite marble under TM046939

below
In the later fracturefillingsveins the black minerals are the principal

constituent with apparent spreadingdiffusion laterally into the country rock
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surrounding these veins Much of the veinfilling is also adarkishgrey quartzy
lookingrather carbonate material cf the phases noted in samples TM04693

4 5 6 as above
This specimen presents the aspect of veinfilling material perhaps along crushed and

recrystallized zonesfractures Featuring a selfhealing situation in this particular
case in concert with deposition of the black mineralsmaterials The dark veins offset the

tighter grey veins slightly but noticeably These darker veins are somewhat remindful of

similar features observed at the magnesian skarnrelated localities of Lost Riverf6rooks
MountainTin Creek western Seward Peninsula Alaska

Some bufftanlrusty weathering presumably effects noted on olderpre
hammering surfaces of this specimen Also noted on these surfaces are a number of

apparently residual periclase brucite holesdepressions displaying euhedral
outlines typical of the genre

TM046938

White carbonate rock periclase brucite marble Displaying two setsforientations of

intersecting fractures

The earlier setorientation attitude contains a darker subset with the aspect of a crushed

zone as per specimens TM0469334 5 6 7 above and a relatively
lighter subset These tuvo subsets are subparalle to one another

This set is terminated abruptly by the second setorientation attitude which latter is

manifest as an onlyvaguelydiscernible zonetfracture oriented at an angle of approximately
90 degrees to the trend of the earlier set This later fracturetermination vaguely shows some

apparent recrystallization features along its trend

This sample otherwise is a fairly homogeneous rock

Cf remarks on similar appearing periclase brucite marble under TM046939

below

TM046939

This specimen is atY one Consisting as it does of an excellent splendid according to
SMAssubsequent more complete analysis example of a periclase brucite marble

Principal features often clearly displayed in superb fashion include

Original periclase as residual cores of periclase featuring welldeveloped
euhedral crystal forms

Subsequent partial to apparently complete pseudomorphous replacement of

periclase by brucite

Brucite occurs as radiating masses of eusubhedral crystals a radial fibrousA texture

aspect The long dimensions of the fibres are oriented essentially perpendicularly to

the original outlinefaces of the periclase crystal replacedbeing replaced
Various facetsdegreesextents of this are displayed throughout the entirety of this

specimen Apparently without any recognized preferred locationsfor the
occurrence degreeextent of the processes

These features texturally and mineralogicalymanifesting affording clear evidence of

the petrogeneticailykey chemical reaction for the formation of periclase marble from

precursorial dolomite CaMgCO32 CaCO3MgOCO2 Cf H G F Winkler 1979

esp

The specimen overall is a whitevery light grey carbonate rock marble It features a

somewhat rectilinear system of fractures recrystallizedhealed crush zonesn with two
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predominant sets recognized intersecting with one another at relatively high angles ca 6t

degrees l
One set consists of fractures on the order of 13 mm in apparent width as viewed on the

largest specimen face the other set consisting ofi fracture zones on the order of 45mm in

apparent width as viewed on the same specimen face This specimen face is essentially
rectangular in outline with dimensions of approximately 65 x 45 cm The fracture

fillingsveins are vaguely zoned with darkergreyer borders and medial portions

Tighter more similar in color to the surrounding host rock marble

Associated with bath the white translucentclear material calcite texturally present as a

crystalline mosaic comprising the bulk of the carbonate rockmarble and the greyishclear
phases of carbonatefin the veinsfveinfetscrushhealed zones are dullish

white blobspatches Such a blobpatch displays variously ablackbrownishgreenish
yellowish central core of apparent residualrelict periclase surrounded peripherally
by whitebrownishgreygreenish waxysemivitreous generally fibrous brucite to

many cases the spatial relationships represent essentially brucite caughtintheact of

replacing previouslyformed periclase Mineratogically and texturally manifesting the

petrogeneticalfy key reaction

CaMgC032 CaCO3 Mg0 CO2
Numerous examples variouslywelldevelopedldisptayed are apparent throughout this

specimen Many are indeed truly exemplary Typically Cf the somewhat voluminous
original detailed laboratory notes and accompanying drawings of the specimen examinations
by TCtInot presented in this report

Inmost places throughout thts specimen the ratio by visual estimation under the

stereomicroscope of carbonate calcitepericlasebrucite is on the order of 6040 The

latter abounds as areas of filledpartiallyfilled voids patches blebs throughout the

specimen within the white carbonate as well as the greyer veinlet portions ofi the

specimen
The fractures the relationships among them and between them and the calcite and the

periclasebrucite occurrences afford indications as to the geological history timing course

of events as related to the geachemicalfpetrogenetic episodes represented in this specimen
and the Arctic Chief locality overall Cf as well in this context similarities to other

periclase brucite marble specimens from this and other nearbystratigraphicafly
equivalent locations sampled as described above and below

The fracturescrushed zones with their associated recrystallized carbonate

materials appear to have formed prior to the formation of the periclase This seems

likely since the periclase crystals and significantly their subsequentlyreplacing brucite
are apparently unaffected by these fracturescrushed zones and also occur with essentially
the sameequal concentrationsfrequency within as weft as outside these zones And the likely
relatively fragilereadilydeformedfobliterated radiating crystal habitslhabitats of brucite
as well as the often welldeveloped euhedrai outiinesishapes of tine original periclase crystals
are similarthesameidenticalwithin as well as outside these zones of apparent structural
disturbanceldeformation and relatedassociated recrystallization Likely they would have been

distorteddamagedlobliterated had they existed prior to or during this fracturing

M0469310

Specimen features a number of readily discernible metasomaticmetamorphic zones

These alt occur in the relatively small volume of this specimen The dimension measured at

aright angle to the attitudes of the zones as displayed on the best specimen surface is 85

cm This zoning seems to perhaps exemplify the primitive type in a magnesian skarn cf
Aleksandrov1998 etc on zoning in pipes and stockworks in tectonicaity crushed zones in

the envelope of dolomitic rocks around granitic contacts The zoning is manifest

7A

6MC DATA REPQRT 3 4 4 Page 1



mineralogicaliy geochemically texturally as well as visually

Note some indicationsevidence viz offsets trends of mineral occurrences of

fracturingfaulting within this specimen which suggest per SMA see references
perhaps a situation of longlived tectoniccrushed zone setting le during the magmatic
and postmagmatic stages Although per SMA esp p 4 in the y 998 book the nature and scale

of the zoning in this particular specimen actually seem to suggest a situation of preskarn
fracturingcrushed zone formation which features became sealed during the formation of the

primary metasomatic zoning seemingly as exemplified in this specimen

The zones featured in this specimen are herelabeled solely for purposes of description
and heredescribed from left to right across the particular orientation and face of this

specimen selected for description

The first zone A consists of a whitelight grey periciase brucite marble The major
mineral constituents of this marble are calcite and periciase brucite occurring as a

crystalline mosaic The periciase brucite occurrences are often rather welldeveloped
some classic nicety displaying the periciase corebrucite rim relationships etc
as noted in other marble specimens collectedobserved at this sample location as well as at

other sites at the Arctic Chief Cf remarks on similarappearing periciase brucite marble

under TM046939above See also observations comments sketches in detailed

laboratory notes TCM which are not included in this report
Trace amounts of subequant subeuhedral crystals of a greenishblacfc semitransparent

mineralsare noted which might be spines or pyroxene One such observed is

associated with a small grain of a black crystalline material which might be magnetite or

PYroxene or

The best such euhedral crystal of a black mineral noted shows vaguelydefined
striaecleavage subparaliel to its long dimension suggestive of a pyroxene This crystal
may well be twinned as an apparently similar crystal lurks beneath vaguely defined within

the surrounding crystalline mosaic of calcite periciase brucite etc comprising the buck of

the marble This crystalline mosaic also features disseminated veryveryfinegrained
black platy graphitemagnetiteIphlogopite speckslgrains some associated with

apparent rusty hence ironbearing materials

Zone B is a forsterite caiciphyre it consists principally of predominant calcite

as a crystalline mosaic and generally except where present in some concentrations as

fayerslbandsienseslpatchesstreaks substantially subordinate forsteriteforsteritic
olivine The zone is somewhat banded overall and features darker grey lighter grey and

yellowishgreenish subzonesportions as weii as varying grain sizes some discerniibte

megascopically
Compared to zone A zone B features a greater amount of black vitreous

crystalslaggregates some of which are associated with patchesmargins of yellowbrown
material similar to that observed in zone A in association with black crystals of Also

note some crystals some apparently 6sided of clear vitreous aspect with patchy
distribution of internal disseminationsdustings of a veryveryfinegrained chocloate

brown material Ali set in the crystalline mosaic matrix of the predominant calcite

The concentrations of greenish black and brawndusted materials are most apparent as

occurring in illdefined but discernible bands which define the banding within this

zone occurring in subparatlel aspectforientation to the major boundaries between zones
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ie marble then calciphyre then forsterite serpentine pyroxene garnet in this specimen
These bands are often more like wispy patches tenses actually within this zone B

lnterbands containing more or less marblecalcite crystalline mosaic material occur as

well essentially by varying degrees of abseneellack default as it were of other

constituents

The zone B vs zone C boundary if indeed aBC boundary actually exists as such is

vague perhaps illusoryjThough the concentration of green mineralsincreases from
BCD

Zane C consists of a forsterite calciphyre similar to B except for a greater proportion of

yellowgreen mineral constituentsprincipally forsterite

Zone D is liohtreenincolor with a veflow tinge due to itsincreasingly forsteriterich

yellowgreen mineral content becoming an essentially monomineralic zone though with

scattered black subeuhedrat opaque grains magnetite distally from C

At the distalfiromCproximaltozone F portion of this zone ie D is a

relatively thin subzone E consisting of serpentine same forsterite developed
essentially continuously along this borderboundary This is probably the bottom of zone

Ds if as seems not unlikely thapresumed source of the metasomatzina fluids was toward

zone F A monomineralic forsterite zone per SMA
subzone E is light green waxy in appearance comprised principally of crystalline

serpentine with preferred orientations of the tang dimensions of the prismaticappearing
crystals ehrysotile or perhaps antigorite in growth positions apparently
essentially perpendicular to the boundary with zone F It is highly fractured with some

white fibrous crystals talc also present fining the fracturesseams At the distal

fromF margin of subzone E a thin interval of darkerdenserappearing material of

undetermined nature representing depositional conditions more conducive to a massive
form of crystallization of a serpentine mineral perhaps antigorite occurs separating E

from zone D

immediately adjacent tobelow this basal serpentinerich subzone E is a relatively
thin layer of redbrown garnet which has invaded through the black pyroxene zone F
adjacent to zone D This type of redbrawn garnet comprising the predominant mineral

of zone G is seen in zone F engulfing black pyroxene euhedramasses Zone F is

dark grey to blackish with a reddish cast tt is comprised principally of very fine grained to

massive pyroxene as a skarn The pyroxene euhedra occur as black stubby prisms
with good cleavage displayed

Somewhat intePTriiiceittydeveloped befween zones E and F is subzone P comprised
principally of phiogopite perhaps subordinate amounts of other materialsDeveloped
belowsubeven with the serpentine horizon of subzone E P manifests itself as

podslenses of phiogopite These podsllenses occur immediately adjacent to serpentine on one

side and to pyroxene garnet of zone F on the other side In some places observed
clear micaceous materials may at least in part actually be talc while in other

most places the micaceous mineral is darkergreenish and most likely phiogopite

An additional rather intriguing situation seems to present itself in this particular portion of

the specimen
Other minerals present in this general horiZOR include opaque phases in minoNtraee

amounts These include euhedraoctahedra of brassyappearing opaque materials
SA
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perhaps chalcopyrite or chalcopyrite after magnetite Possibly valleriite

tochilinite etc

Some opaque masses feature ayellowbrownbronzy material of pyrrhotite aspect
but in direct contact with black material which may beinclude magnetite Some of this

bronzy material apparently has a prismatic crystal habit variously developed The opaques
seem to be transected by garnet quartz1carbonate at least locally

Elsewhere in this same general horizon some apparently prismatic or perhaps
actually an endon view of layers crystals of bronzy opaque materialsare

present in direct contact with apparent pyroxene magnetite In this particular
occurrence the prismatic aspect of the bronzy opaque material might alternatively
actually represent manifestation of cleavage on subjacent pyroxene crystals perhaps

undergoing alterationreplacment
This horizon is essentially within the zone F vs zone G transitionlborder with

boundaries irregular vague As noted above zone F contains appreciablelprincipalty
pyroxene occurring as black stubby prismatic subeuhedra crystals showing good cleavage

Might per an observation by Ramdohr the bronzy opaque material occur as an

encrustation on pyroxene Asa preferred for valleriiteetc mode of occurrence as

encrustations associated with serpentine etc Ramdohr
Pursuing this thread further is the black pyroxene in contact with the bronry

opaquevalleriite actually pyroxene Or perhaps magnetite tn an association of

garnetquartzcalcitemagnetitevalleriitetochilinitepyrrhotite

Zone F becomes decreasingly a discrete entity as admixture withlreptacement by garnet

opaque minerals is shownrepresented through zone G to the distal edgetip of the

specimen Zone G features a dark brownreddish cast overall due to the predominant

garnet This zone is essentially representative of garnetiferous skarn pyroxene

magnetite other opaque minerals including sulphides occur variously in

subordinateminorltrace amounts Some rusty patches occur Copper staining
apparently as malachite occurs at the extreme tip of the specimen

Thus in summary a verv interesting specimen Essentially a microcosmofthe sequence

Periclase brucite marble calciphyres forsterite pyroxene

garnetopaque minerals zonation

With calciphyres forsterite phlogopite serpentine opaques perhaps including

vaileriitetochitinite Each in its properappropriate position spatially and

genetically petrologically and geoehemically See Aleksandrov 1998 etc
This specimen displays

Periclase brucite marble

Catciphyres with forsterite
nnetasomatic zoning of the magmatic stage

Subsequent partial at least effects of postmagmatic alterations through at least

the acid stage
Minerals such as spinet phlogopite serpentine magnetite chalcopyrite

garnet pyroxene

TMtZ469311

This is a specimen with a number of aspects of magnesian skarn displayed in microcosm

Blocksfragments of apparent perictase brucite marble with rims of garnet adjacent
to pyroxene skarn material then phlogopite lserpentine then forsterite then once again
back into pyroxene skarn followed in turn by another garnet rim around another

blockfragment of marble
10A
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Phlogopite is verywelldeveloped serpentine weIdeveloped Spinet magnetite
occurs scattered throughout the specimen Note periclase and brucite with character

and relationships as noted in other calcitic marbles calciphyres from this and other

localities at the Arctic Chief

Enterpretation of the observed overall relationships in this specimen remains somewhat

uncertain

Do these blocksftagments represent nodules of marblecalciphyre rimmed by
reaction zones of garnet as remnants within pyroxene skarn

Or might they be related to apophyses of granitic melt as tonguelike features

intrusive into host rocks of carbonate or previouslyformed skarn material nature With

the pyroxene garnet phlogopite serpentine etc observed being ancillary to this sort of

situation

Cf TM046931 and 3 specimens with similarities to this one

TM04S9312

Specimen maximum dimension 85 cm contains a number of zones especially well

displayed across one of its faces In order along a distance of 50cm across this face in a

direction left to right perpendicular to the trends of these zones the relationships
observed are as follows

From the leftmost edge of the specimen a zone of reddishbrownish garnet with minor

calcite 15 cm wide

A zone of pyroxene skarn Predominantly consisting of a relatively light green pyroxene

with minortrace spinet This zone is on the order of 20 cm wide

A zone featuring predominant phlogopite with lesser calcite spinet rusty
magnetite talc This zone is on the order of 13 cm wide

A thin zone approximately 23mm wide along the rightmost edge of the specimen t
consists principally of serpentine some clearly fibrous and minor rusty opaque material

presumably magnetite

Additional observations

Black veryveryfinegrained black flaky at least in part crystalsmaterials
occur disseminated throughout the pyroxene skarn zone

The garnet zone has an aspect suggestive of an apophysistongue As discussed by
Aleksandrov 1998 8 etc Especially note a diagram depicting the development of zoning
around an apophysis Also on a larger scale the similarity to known relationships at

the HoltonHotKol North Korea localitydeposit
As a further observation it should be noted that there actually appear to be a number of

similarities between this Korean deposit and the Arctic Chief
The shapeorientation of the adjacent pyroxene skarn as welt as that of its adjoiiUng

neighbor the phlogopite zone mimicking as they do the shapeoutline of the garnet

zone add to this suggestiveness
Similarly though not as welldisplayed due to its location on the edge of the specimen the

shapeorientation of the serpentine zone further substantiates this apophysislike
impression

The serpentine occurs intergrown with and likely from adjacent phlogopite of the

phlogopite zone

Phlogopite occurs as welldeveloped euhedral cxystats tight olive green to darc olive green

in color often with physically interleavedinterlayered other minerals viz calcite
Given the nature and position of these zones it might be speculated that a zone

featuring forsterite might weN have existed beyondHadjacent to the
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serpentinephlogopiteserpentine zone observed in this specimen

TM0469313

Specimen is on the order of 50x 55cm tt features several zones especially weii

displayed on one of its relatively flat surfaces

in arder along a distance 4f approximately 52 em across this face in a direction felt to

right perpendicular to the trends of these zones the relationships observed are as follows

A zone of calciphyre on the order of 37cm wide from the left edge of the specimen to

the adjoining zone to its right
A zone on the order of 09cm wide consisting of pyroxene skarri with minor associated

spine l
A zone consisting of serpentine forsterite It is discontinuously developed with

a maximum observed width of about 1 2 mm

A zone approximately 50mm in maximum observed width extending to the right edge of the

specimen This zone consists predominantly of phlogopite associated talc

The calciphyre zone presents some indications of additional subzoningbanding within it
but this is rather subtle at best especially under the stereomicroscope on a rock
surface

The caiciphyre is made up predominantly of a crystaflirie calcite mosaic ie a

periclasebrucite marble with lesser amounts of associated lights and dark

minerals These include forsterite pyroxene vesuvianitelidocrase spinelTrace

quantities of opaque minerals featuring magnetite valleriite

pyrrhotiteIpyritefarsenopyriteloetlingite also are present as lenslikestreaky
occurrences

The calciphyre also features some patches of garnetFmagnetite as

rusty black crystalline subeuhedral grains In association with the surrounding calcite
mosaic same particular examples of this materialsare also noted to be irr close proximity to

tracesspeckscrystals of a bright bluegreen minerals
The fatter range from subeuhedral are tabularprismatic and appeaNfook coppery

le chrysocolla malachite J azurite Or sometimes seemingly emerald

turquoise colored These coppery materials appear to be vitreouswaxy in aspect and

are concentrated in a patchlenslayer of the rusty black minerals

Additionally disseminated sporadically throughout the serpentine zone and its environs are

some blackvery dark brown vitreous crystals not uncommonly as euhedrasubhedra with

sixsided or eightsided aspects Some are dendriticnlsnowflaky in appearance perhaps
as crystal aggregatesskeletal crystalslgrowth forms Remindful of manganese oxide

dendrites Arbreseeriloverall idith aiy variously welldeveloped sixrayed
branching forms displayed Skeletal crystalslforms possibly borates graphite

TM0465314

Specimen is 65cm in width as measured across the face described here Consists of a

number ofi zones characterized for descriptive purposes principally by overall color

mineralogy texture As observed from left to rightH across the face these zones are as

follows

1 Qn the order of 6 mm and variously less in apparent width at the leftmost edge of the

specimen Greenish consisting principally of phlogopite with minor calcite talc
2 Adjacent to zone 1 Approximately 11 crrt in apparent width variously and
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conforming to the shape of the adjacent zones an either side Greyish consisting principally of

calcitecarbonate with some associated periclase brucite and minortrace amounts ofi

relatively finergrained dark minerals spinetmagnetite A periclase
brucite marblecalciphyre

3 Adjacent to zone 2 A fenstongue of material comprising zone 5 occurs within

zone 3 occupying an apparent width of 5 cm in the central portion of zone 3 The apparent
width of zone 3 is 15cm on the left side of this lenstongue and 1tcm on the other side of

ft Zone 3 is comprised of calciphyre containing predominant calcite with associated

periclase brucite and minor forsterite pyroxene
5 The abovedescribed zone 5 is made up of principally ofi patches ofi reddishbrownish

garnet as well as some calcite minor forsterite epidoteserpentine and some blue

grey material which may be zoisiteclinozoisite

4 Approximately d8 crrt in width adjacent to the rightmost portion of zone 3 and an

to the right edge of the specimen Features appreciable pink and green epidote and pink
zoisite materials as well as other minerals all dark same opaque Relatively fine

grain size precludes definitive characterization on a rock surface with the

stereomicroscope of the materials comprising this zone The overall aspect is suggestive of

epidotization alteration of previouslyexisting materials

Might zones 2 3 4 5 represent marblealciphyres 2 and 3 associated with 4 and 5
veinsapophysisrelated features After having been broken into several smaller

pieces this specimen shows some interesting zonai transitionatN banded

aspectsfeatures Especially as regards the talcskarnlikegarnetepidoteopaque
other dark mineralsbluegrey zoisitelclinozoisite associationassemblage

TMtD4693i5

This specimen rather complex A hodgepodgeveritable witches brew

calciphyremarbleoriginally Featuring relict prograde as well as

retrograde ie magmatic stage and postmagmatic stage assemblages Minerals

recognizedperhaps present are pyroxene diopside garnet magnetite calcite phlogopite
spines forsterite

PatcheslensesapophysesUfingers of pyroxenediopside occur These rimmed

withoutlined by reddishbrownish garnet calcite The other mineralsassemblages
occur betweenamong the several such apophyses present

Apparently representing a portion of what was originally a magnesian skarn with

subsequent retrograde postmagmatic late earlyalkaline acid stages
Illustrative thus of the general trendsequence of metamorphic and metasomatic

C1Ie1tw1Ilc1i were involved in the history of thisstJGCImen A1Id thus by exienioi to the

Arctic Chief deposit as a wholeoverall

This specimen one of several collected at this sampling site as represenfi the skarn

materials the darker racks ie of the apophysises into associated with the

lighter surrounding carbonate viz marblecalciphyre countryhost rocks at this locale
Representing though not necessarily though of course hopefully
representative of such ie
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TM0469316

Specimen is made up of a number of zones manifested by color mineralogy texture

illustrative of representing not necessarily representative of the skarnlike

darker materials occurring as apparent fingerflensfapophysis features intoassociated
with the lightercolored carbonate country rocks at this locale

in the direction perpendicular to the zones the distance is on the order of 30 cm across

the face of the specimen From left to right along this direction the zonesfmaterials

encountered are as follows

1 Approximately 15 cm in apparent width Principal constituents recognized in a

texturally complex rock mass include calcite marble ie scattered

phiogopite otivinefforsterite Or perhaps better termed a caiciphyre A

dark horizonfsubzone of pyroxene occurs in one portion of this zone toward the

side adjacent to the adjoining zone 3At the edge of zone 1 immediately adjacent to zone 3
is a thin layerfsubzone comprised of principally of olivineforsteritef

2 Occurring within the central area of zone 1 is a lenspatch of exoticfforeign
material which is designated as zone 2 It is tinged withcomprised at least in part of

reddishbrownish garnet and epidote as apparently some sort of

veinfreplacementn materials

3 About 1t3 cm in apparent width zone 3 is a light greyfwhitish band consisting
predominantly of calcite marble ie with trace amounts of scattered dark

materials A thin discontinuouslydeveloped subzone rich in phlogopite f occurs

along the margin of zone 3 adjacent to zone 1

4 On the order of Q5 ern in apparent width zone is made up predominantly of phlogopite
some calcite f as a dark bandlhorizon in the specimen

5 Occurring along the rightmost edge of the specimen zone 5 is essentially a thin

rindskinn of either weathered specimen surface or perhaps veinrelatedalteration

materiatsThe materiats have abluishgreyish hue with indications of vitreous aspect
perhaps also displaying some prismatic forms

TM046g31

Specimen is a porphyritic igneous intrusive rack apparently of intermediate

composition
Representing a dike pert7aps latentafterp the metamorphicfinetasomatic activity

responsible for therormafion of the Arctic Chief deposit Cf Keferences SeCtlon Of

this report
Or alternatively perhaps at some likely later stage during the formation of this

deposit in either case this rock perhaps likely crystallized from a melt related to or

a part of the main magmafintrusion responsible or the metamorphismfinetasomatism at

the Arctic Chief locality with attendant formation of this ore deposit Cf other remarks by
the authors elsewhere in this report

This specimen features phenocrysts of zoned subeuhedrat plagioclase with some included
ironaffected j Viz magnetiteflcore and marginal areas Much magnetite
began to crystallize fate in the crystallization of plagioclase as vdell as during subsequent
matrix solidification Such plagioclase is the predominant phenocryst mineral present with
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subordinate amounts of quartz eusubhedral and often somewhat broken up
Also noted are a few scattered subrounded lithic fragmentsHinclusions cognates

cantaining variously plagioclase pyroxeneamphibole quartz magnetite Also present
are trace amounts of micaceous material likely biotitepyroxene amphibole
subhedra of similar size to the phenocrysts which perhaps represent portions of

relictdisaggregated lithic fragments

The groundmass of this specimen is finegrained greygreen tin color featuring plagioclase
subeuhedral crystals set in a surrounding matrix of quartz magnetite another
silicate mineral which may be amphibole andor pyroxene This matrix appears to

be tov light in color to contain appreciable amounts if any of such mafic silicates however

Thus rather perhaps a matter of dusty quartz with finely disseminated opaques
minerals Ariz magnetite

Some potassium feldspar might also be present as matrix material andor as micro

phenocrysts However this is difficult to ascertain with confidence using only a

stereomicroscope on rock surtaces

This specimen is moderately fractured and veined The fracturefillingsveins feature a

thin medial zone generally darkfblack magnetite with adjacent borders made up of white

materialsperhaps quartzcarbonatefeldspars

TM04694
The collected specimens from this locale include carbonate rocks and skarn materials

Three of the latter 17A B C feature skarn materials and ores These specimens are

from outcroprubblecrop at a high bench location with at present not much

directly above the sampling area except air birds aircraft etc to have contributed

significantly outofptacen material to these samples Bulldozers etc excepted of course

iM046941
An example of perictase brucite marble This is a somewhat weatheredaltered

specimen Rock contains predominant calcite perictase brucite and a distinctly
minortrace amount of disseminated darkblack materials probably at feast in part
magnetite note rust though some might be graphite

The pockmarkedn weathered surfaces are of interest as regards recognition
identification of rock constituents Much useful information to be gleaned from scrutiny of

rustyn surfaces

Periclase brucite and calcite are present in essentially subequal amounts intergrown
throughout the specimen

Comparisons with observationsicomments regarding similarappearing specimens
elsewhere at the Arctic Chief suggest not at all dissimilar rocks Qf particular interest in this

regard are comparisons with samples from TM04693 5 locations which are just
across the Arctic Chief west pit entrance cut to the northish of this 4 locality
Carbonate and other rocks apparentlyessentially ontrend across the pit entrance cut

here

TM046942

Specimen is an interesting one

material portions
With apparent chalcopyrite

A combination of perictase brucite marble and skarn

disseminated in fair amount within the carbonate
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rack adjacent to the skarn material The marble apparently having been invaded by sulphides
featuring chalcopyrite lgalenalThe marble is comprised predominantly of

calcite and periclase brucite with some disseminated pinkishlight brownish euhedra
which may be spinet andor flouritejl

A bandedgradational contactintercontact exists between marble and skarn In part at

least along seamsfracturesshear zones Some evidence of internal shearsslip
surfacesslickensidesseamlets withinfthroughout skarn as well as marble

skarn consists of pinkishbrownish garnet sulphide minerals disseminatedsemi
concentrated chalcopyrite calcite quartz trace of epidotelike
coloration here and therefOne podlens of skarn seemingly occurs as an

offshootltongue from the banded portion into the adjacent marble

The weathered surfaces of this specimen afford supplementary informationlevidence
regarding mineralogies textures structures

TIUf046g43
A specimen featuring banded skarn adjacent tofinvading periclase brucite marble

Quite similar to specimen ThA046942cf above
Marble predominantly comprised of calcite and periclase brucite with some disseminated

sulphide chalcopyrite minerals1graphite This marble is quite
similar to that at other nearby localities elsewhere at the Aretie Chief viz TM04693
5 skarn consists of pinkishbrownish garnet pyroxene sulphide minerals
chalcopyrite calcite black opaque materialsmagnetite P

TM046944

A large handsize specimen broken into three pieces which fit back together like pieces
of a jigsaw puzzle Displays bandingoverall in varieties of greys blackwhitish
pinkishbrownish

Piece 1The largest piece Comprised of a number of layerslbands
Layer A Whitegrey periclase brucite marble Consisting of predominant calcite and

subequal periclase brucite Compare with other similar marbles at nearby locations at the
Arctic Chief viz TM046935 There are trace amounts of black materials
magnetite graphite disseminated throughout often in pockets of

concentrations andor along seams within the rock Also scattered eusubhedral crystals
tetrahedrons of pinkishgreyishbrownish materia spinet disseminated in this

layer as well Trace amounts of sulphides chalcopyrite are noted smearedout along a

seam a minicrushed zone heated with recrystallized calcite

Layer B A band of darker materials adjacent to A Comprised of black minerals
pyroxene magnetite f pinkishbrownish vitreous crystalsFinasses garnet
icaiciteimarbie Some hematitelimonite like materiaisj islare associated with
the black mineralsas well as along miniseams across the rock subparallel to the

banding
Layer C A thinner band adjoining B Composed of somewhat more coarselycrystalline

calcite perhaps due to recrystaitization along a seam Trace amounts of pinkish
brownish euhedra tetrahedral crystals spineor occur sporadically within this
band There is also occasional sulphide materialsas well as more commonly some

reddish veryfinegrained crystalline material which might be hematite1
Layer D Adjacent to C this is another dark band similar in aspect and thickness to

layer B It Ges subparallel to the other bands in the specimen
Layer E Adjacent to D This a lighter band made up principally of a periclase

brucite marblecalciphyre similar texturally and mineraogically to A but with
16A
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a somewhat greater proportion of darker constituents These latter present as dark grey or

black subeuhedra pyroxene magnetite traces of sulphides chatcopyrite perhaps
galena andor molybdenite disseminated throughout the surrounding
calcite and periciase brucite principal constituents

Piece 2 Adjacent toantinuing from Layer E

Layer F Essentially similar to the description of E above

Layer GA Next to F is a whiter band similar to the material described as layer C

above Like it G as a somewhat morecoarselydrystalline interval than the marble

calciphyre bands observed elsewhere in the specimen Relatively pure preponderantly
crystalline calcite though with some concentrations of sulphides especially along the

margins of this bandlayer
Layer H Adjacent to G this is another band of intermediatelydarker aspect

somewhat similar texturally and mineralogicaiiy to some of the other bands in this specimen
such as Layer E in particular

Layer IAdjacent to H this is a lighter band featuring much less in the way of

darker mineralsmaterials It resembles Layer A rather closely and is the final
Layer sodesignated in this specimen It is a periciase brucite marblecalciphyre
consisting principally of a crystalline mosaic of calcite and associated periciase brucite
Note especially features in evidence on the weathered surfaces of this specimen Cf other

specimens from elsewhere at the Arctic Chief especially TM046935 Trace amounts

of disseminated dark opaque grains are observed likely magnetite note accompanying rusty
haloes Also note some pinkishbrownish subeuhedra tetrahedra spinet as welt as

perhaps some graphite disseminated throughout this layer

Piece 3Comprised of some of the bandslayers described in the other two pieces of the

original specimen This Piece 3contains Layers E F G H I per the foregoing
observations

The weathered surfaces of this specimen offer a wealth of evidenceeffectsinformation as to

textures mineralogies present Studied in conjunction with freshlybroken surfaces
coNectively much is available to be gleaned from this specimen

TM046945

Specimen a white periciase brucite marble Contains transecting greyish veins linear

features which apparently are healedrecrystallized crushnzonesfractures These are

made up of clearer coarsergrained calcite than occurs within the crystalline mosaic of the

marble per se Cf similar marbles etc from other nearby sample localities at the Arctic

Chief viz TM046935 etc The weathered surfaces are informative as to texture
and mineralogy of this specimen In particular the presence and nature of the periciase
brucite and the calcite as welt as the relationships among them are welldisplayed as in

fact they are within this specimen as well
Trace amounts of finegrained black materials magnetite graphite

are disseminated throughout the specimen
Theveinsfractures in the specimen are essentially linear and intersect one another

at various angles in a relatively to other observed specimens at the Arctic Chief widely
spaced network

TM046946

This specimen is quite similar to TM04695which cf above but with a more

closelyspaced network of veinsfractureshealed crushzones A periciase brucite
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marble with predominant calcite and periclase brucite as well as trace amounts of
disseminated black materials which may be magnetitegraphite

The weathered surtace of this specimen is not as weltdeveloped as on some other similar

specimens hence the informative hummocky topography is not as prominently evident here

TM046947
This specimen together with the nearby TM04694 5 6 specimens essentially

represent minor variations on a common theme as it were All are rather similar in

general appearance aspect composition This 7 specimen however features a more

closelyspaced network of veinsfractureshealed crushzones ie a greaterlhigher
fracture densityn than any of the others

Perhaps interestinglyinformatively in the context of the foregoing this specimen also

affords perhaps most clearly of the four a quite welldeveloped mast illustrative example
of the periclasebrucite and associated calcite typical of these periclase brucite marbles
present at the Arctic Chief The grainsizes afie relatively larger here in this specimen The
minerals are welt betterdeveloped their interrelationships morecleartypresented
All fairly evident both an weathered as well as freshlybroken surfaces while also

displayed quite clearly within the specimen

TM046948

This specimen is a tight grey periclase brucite marble Consists predominantly of a

crystalline mosaic of calcite and periclase brucite with irate amounts of black materials
which may be magnetite graphite This specimen is similar to others from

nearby localities sampled at the Arctic Chief cf in particular TM04693 4 5
Some relatively vague indications of crushedhealed zones throughout this specimen

manifest as somewhat welldefined linear features alihough welldeveloped networks of

intersecting veinsetc are not readily apparent
Moderatelydeveloped weathered surfaces display textural mineralogical structural

features in complementary fashion to the freshlybroken surfaces elsewhere on this

specimen Not quite the sort of hummocky topography as developed on other specimens of
similar character but akin to it

TM046949

Light greyish periclase brucite marble Featuring some especially noteworthy examples
of the periclasebrucite relationship evident in umistakeable fashion With some fine
examples variously of periclase crystals remnant cores with fibrous crystalline
brucite rimswhorls adjacent tosurroundingpseudomorphous afterreplacing the

periclase All within a marbletextured crystalline mosaic consisting of subequal
predominant calcite as well As per a comment of SMA this is indeed a spiendidn example of
the periclase brucite marble lithology With all the implications petrogenetic
geochemical geological pertaining thereto

The general greyish cast of this specimen likely is due to the significant though trace

amount overall abundance of veryfinsgrained black graphitemagnetite
materialsdisseminated throughout Not in even a minor amount or so it appears yet quite
evenlydistributed within the specimen

There is at least one pocket of sulphide minerals chatcopyritepyrite
with some at least displaying aspects of eusubhedrai habit within the periclase brucite
marblerockforming minerals crystalline mosaic Suggestive perhaps of an early
formation likely attendant to the metamorphism of the assemblage Perhaps due to the

presence premetamorphism cf as well the apparent presence of ubiquitous veryfine
grained graphite throughout the entire specimen of an isolated remnant of pre

18A

GMG DATA REPORT 3 4 4 Pages11



existing likely biologically derived organic matter le organic materials in a

precursorial carbonate sediment etc etc

Several excellent examples of periclasecored bruciterimmedeusubhedrallyoutlined
pseudomorphous crystals occur not far from this pocketpatch of sulphides
Accident coincidence or incident

Several subparatlel semilinearplanar seamsveins transact this specimen These

occur in a fairlywidelyspaced network of intersecting fracturesshearshealed crush
zones Though compared to other similar samples from elsewhere at the Arctic Chie the
fracture densityn apparent in this specimen might best be termed moderate

On weathered surfaces there tends to be a greenish caste associated with materials

presently occupying care positions inlwithin periclase brucite composite crystals
Perhaps a weathering phenomenonproduct Possibly related to a ferruginous componentof the

original periclase andor the replacive brucite Or

Ailinall an exemplary specimen in a number of ways

TM04ti94t0

A largish specimen comprised of hvo typescolors of periclase brucite marble one a

dark grey and the other a whitish color The two varieties adjoin one another with a rather

welldefinedlsharp contact of apparent sedimentary nature There is the decided impression
of original differences in composition texture between these two variants ie a

bedding contacts Although some sort of fronttype contact related to metamorphism
metasomatism is another though unlikely in my opinion alternative interpretation

The whitelighter lithology closely resembles similarappearing periclase brucite
marbles encountered at the Arctic Chief cf TM04693 4 5 etc Some fine

examples of the mineralogies and textures in terms of the predominant calcite and periclase
brucite phases present are evident herein These relationships are also wellillustrated on

weathered surfaces of this specimen
A particularly illustrative veinletfracture of Linearplanar aspect transacts the darker

tithoiogical variant abutting againsttrending into the lighter adjoining layer at essentially
90 degrees This feature appears to continue on through the lighter material on to the distal

weathered specimen surface on which a rusty zone is manifest associated with a series of

dark finegrained specks presumably ironrich sulphides and or magnetite or
Such veinlfracturenassociated zones at the distal from the darkercolored rock

variant end of the specimen feature a stringofbeadstike array of black crystals
magnetite with rusty portionssubzonesmarginsadjacent host rockstaining
alteration effects manifested One of these effects being apparent stainingalteration of

nearbyadjacent minerals This especially notably affecting rimsA andor coresp of the

periclase brucite assembtagelmaterials which appear to have been particularly
susceptible to such ironstainingA Perhaps essentially merely a matter of physical
adsorption etc of ironrich fluids by especially the generallyfibrous brucite Though
formation of ironrich brucitesD duerelated to to preweathering phenomena are also a
possibility

This stringofbeadsn occurrence is unique to the fracturecrushedhealed zone best

developed at the distal end of the specimen and bestdisplayed on the weathered surtace there
The white rock variant being etsewherelotherwfse essentially free of other materials
containing only relatively littleftrace amounts in the way of disseminated darkbfack
materials graphite Appreciable similarappearing veryfinegrained darkf

black materials occurs in association with the abovedescribed fracturehealedcrush
zone Other crystalline materialsof rusty appearance also isfare found in this zone

though again this perhaps is actually representing ironstaining Or another

19A

GMC DATA REPORT 3 4 Page s9117



mineralphase
This crushed zone features morecoarselycrystalline calcite suggesting a sef

healingrecrystallization genesis attendant to fracturing and recrystallization during andor

subsequent to metamorphism cf analogs in similar lithologies at other nearby Arctic Chief

locations
This zone persists in linearplanar attitude across the white lithology manifest for the

most part only vaguely by a trend of sporadic urusiy specksmaterialsuntil emerging
at the distal end clearly evident on the weathered rock surfaces there This zone crosses the
bordercontact between the lighter and the darker lithologies persisting across the latter
to the edge of the specimen More clearly evident in the darker lithology due to the

contrastingly white calcite of which this zone is presently comprised It immediatelyabruptly
changes character upon entering the white lithology Seemingly swallowedupdisappearing as

it were within this new host rock of somewhat lessdissimilar nature to itself as compared
with the darker lithology

The darker greyer lithology awes this aspect principally to the substantial verging on

being a minor rather than a trace constituent amount of finegrained black

materialsof graphitic aspect disseminatedscattered throughout this rock type along
principally if not actually totally the marginsboundaries of the rockforming minerals

viz calcite and perictase brucite There is also an impression of sorrtewhat agreyer
crystals of calcite in this darker lithoiogic variant

Though the amount and widespread dissemination of the discernible intercrystalline
graphite materials in itself seems sufficientquite adequate to explain the

relative darker colorfcast of this lithology Presumably representative of an original
sedimentsedimentary rock with an appreciable carbonaceous component Perhaps less

magnesiumrich as well With possible implications with respect to magnesianskarn
development Is the perictase brucite component of this darker lithology less than

equal to or greater than in the whiter lithology Goodinteresting question l
Though the appearance under the stereo microscope suggests subequat proportions of the
two principal rockforming minerals in this darker lithology in which the viewing constrast

is perhaps no better or worse essentially than it is in the lighter ithology Perhaps a

useful subject for some thinsection work

TM046941

A white perictase brucite marble A footspecimen ie somewhat larger than merely
the runofthemillhand specimen Chosen thus for purposes of serving as a reserve

specimen for possible future work Representative of other white marbles of similar

aspect in this portion of the Arctic Chief Calcite and perictase brucite the principal rock

forming phases with associated trace amounts of darklblaek materialsgraphite
somewhat irregularly disseminated throughout

TM0469412

Another fooY specimen Mostly alightgrey perictase brucite marble with one end of

the specimen an apparently coarsergrained white perictase brucite marble A relatively
sharp contact exists between these two litholgicolor variants Perhaps most likely
representing asedimentarybedding contact r some sort of front due to

metamorphicmetasomatic activities

ne obvious fractureseamcrushedzone cuts the grey rock at an otherthan

subparallel angle to the whiteversusgrey rock contact

The grey rock has some lensespodswisps of coarsergrained carbonate

rockmaterialsin it here and there Not as white as the white marble but fighter and

coarsergrained than the grey marble
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The white marble contains approximately subequa proportions of the two principal rock
forming minerals calcite and nicelydeveloped and displayed periclase brucite Trace
amounts of veryveryfinegrained black graphite and amber spinet grains
are disseminated throughout the white marble

The grey marble shows even betterdeveloped periclase brucite features with excellent

examples of brucite cabbage head rimslpseudomorphs periclase cores etc Some especially
nice examples occur on weathered surtaces of the specimen This grey rock is also quite
similar to numerous ethers from nearby localities examined at the Arctic Chief The rock

forming calcite in this grey marble here is somewhat finergrained than its counterpart in the
associated white marble in this specimen The amount of darkblack materialsdisseminated
in this grey variant here is a bitsomewhat though not alt that much greater than in the
associated white marble

TM0469413
A hand specimen Featuring two variations on the theme of periclase brucite marble One a

white coarsergrained more massive variant The other a lesswhite finer

grained Less massive beddedfayered structurally variant The

contacfborderlinterrelationships between these two somewhat ambiguous in hand specimen
The lessmassive type containsis cut ay arelativelycloselyspaced network of

apparent fractures intersecting one another at various lowhigher angles cross
bedding

Both variants are welldeveloped periclase brucite marbles similar to others from

nearby localities at the Arctic Chief Weathered surfaces show this best on the white variant

here white the similar relationships are even betterdisplayed by the other variant both on

weathered and fresh surfaces

TM0469414

A large hand a semifoots specimen Mostly weathered surtaces all around on this

particular specimen Rock a whitish periclase brucite marble calciphyrer featuring a

podllensinclusion of dark greyblack materialsRossibiy of organic composition
origin le perhaps faunaUfioral remains The black materials might
alternatively be skam ie garnet pyroxenefThe weathered surfaces
of this whitish rock display ratheNfairly well the usual features representative of the

periclase brucite presenceiretationship similar to other specimens from nearby localities
at the Arctic Chief

TM0469495

A hand specimen Agreywhitish periclase brucite marbieicalciphyre AEI

surfaces are moderately weathered Some hummocky topography is deveoped The weathered
surfaces manifest quite well the relict cores of periclase and the surrounding
rindssheiislrims ofi brucite pseudomophousiy replacing originally eusubhedral crystals of

periclase As noted commonly at this and other nearby localities at the Arctic Chief
Often featuring an oolitic aspect Which ought to be kept in mind when studying

features on weathered surfaces While of course true oolitic farms do in fact

occasionallylnot infrequently occur in carbonate racks
Note a set of intersecting fractures transecting the specimen aUwith a moderate

spacingdensity Note also suggestions of bandinglayering subparaliel to the short dimensions
of the specimen

Some portions bandsIayersD ie of the specimen are whiter others less so
greyishn or pinkish A pinkish hue is not uncommon and somewhat more apparent in
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calciterich portions of the rock due to the darkergreyish materials associated with

5urroundengadjacent network of fractures Some of the pinkishness may be due to rusty
effects of weatheringf

TM0469416
This is a large hand specimen Features two varieties of periclase brucite marble One

a lighter grey more massive type the other a darker grey more layeredbandedbedded
variant The contact between the two is fairlywet defined and is in subparallel
orientationattitude with respect to layering in the darker variety The specimen overall
seems somewhat heavyfdense for its sizefdimensions Avague impression of a certain
unusual heft to it

The layeringetc of the darker variant reflects original bedding apparentlyprobably
Perhaps also a result of less intenseless thorough metamorphism
metasomatism of this portionlithotagy of the specimen This darker variety appears to

contain a greater proportion of carbonaceousgraphiticA material
Both variants are akin to periclase brucite marbles from other nearby areas at the Arctic

Chief

Specimen too large for much examination with the stereomicroscope while further

breaking might destroy some of its mega aspects Thus reserved asis for possible future
work

TM0469417A

Specimen one of three A B C from the same sampling site at this 17 locality
This A specimen an example of banded skarn Featuring pyroxene magnetite
bornitephlogopitechloritetalc calcite pinkish white garnet pinkishbrown

Pyroxene now strongly altered with products including amphibole actinolite
tremotite green micaceous material likely phlogopite Some fibrous

serpentine also noted Relictactual pyroxene is not readily apparent but there might
well be some remnants masked byassociated with the alteration products ubiquitously
present with pyroxenelike material

Some of the green micaceous materialsisfare a lovely bright to deep green likely
phlogopite or clintonite maripositefuchsite Not infrequently fibrous margins
edges of this material are variously welldeveloped serpentinechloritetalc

The calcite and garnet are intergrown subeuhedral in pockets with surrounding
green micaceous materialsmagnetite bornite some of which is also intergrown with
calcite and garnet Magnete and bornite range subeuhedral throughout the specimen The
micaceous minerals are generally weltdeveloped subeuhedra intergrown with magnetite
bornite etc Also possibly some hematite quartz associated in very minor
amount with the calcitegarnet podslensesvugsn Much of this specimen
CoiSist t5f iiitergrt3ifvn green rnicaCeoiiStiiagnetiieUornie

Note an unusual dull brownishblackish subeuhedra opaque phasematerials in one

place associated with green micaceous mineral calcite magnetite which is not

rustyoxidized This unusualduffappearing material resembling perhaps an

oxidizedweatheredaltered magnetite but note the presence of the adiacent fresh

magnetite This material somewhat resembtesfhas some intriguing similarities to a specimen
labelled valleriite presently on display in the Yukon Visitor Centre diplay of minerals
found in the Territory The site of this material in the present sample is on one edge near one
of the tips of the specimen The valleriite is intergrown with bright green
micaceous mineralmaterial for the most part as well as in part intergrown with adjcaent

magnetite bornite in the one noted occurrence
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This specimen TM0469t7A should be compared with the descriptions of its

complementary compatriots 17B 17C Especially with regard to the presence
or absence of pyroxene in each visavis magnetite Also as regards the green micaceous
mineralsImaterialssetc

TM046947B

Hand specimen of ores Made up of bornitechalcopyritemagnetiteskarn
Some rusty areas on specimen surtaces Apparent relict black pyroxene note cleavages
occurs though in large part altered to maskingA green micaceous materialstCf
sample A

The larger more ftamboyantA crystals of green micaceous mineralsseem to be
associated with the ore minerals White the smaller somewhat lessspectacuiar mica
tike materials tend to be foundloccur in association with the skarnpyroxene where lesser
amounts of ore minerals are in relatively close proximity In this latter ie the

pyroxene skarn areas the micalike crystals are smaller thus appear

lighter in greenishness with perhaps an additional mineral white veryvery
finegrainedn perhaps calcitefamphibole serpentinefdiapside talc

forsteriteiThough this may merely represent an optical illusion due to smaller

grain size This grain size effect perhaps the result of granulization due to pulverization
attendant upon tectoniclstructural deformation Using only the stereomicroscope much of the

foregoing remains somewhat speculative at best

The skarn portion of this specimen grades into a zone of more coarselygrained mica
like materials relict pyroxene magnetite chalcopyrite bornite intimately
intergrown with some scattered small vuglike patches of veryveryfinegrained euhedra
of calcitecarbonate of light buff colour ankeritesiderite Micatike material is

retrogradedaltered to talc andor serpentine chlorite

Minor amount of brownishreddish garnet eusubanhedral in aspect occurs sporadically
distributed within the skarn material

Brownish carbonate calcite siderite ankerite occurs similarly in the

skarn Such carbonate also occurs as more welldeveloped crystals in association with

ore especially magnetite
How much apparent pyroxenen is actually magnetite with cleavage at least in parts of

this specimen
The green micaceous looks mare like talc for the most part in this B

specimen than it did in specimen A Green phlogopite talc andor serpentine note
fibrous edgesfmargins of micalike crystals as retrograde andfar alteration
effectsresults

Magnetite in this specimen is euhedralsubhedrat massive bornite subeuhedral
chalcopyrite is rarety better than anhedral This specimen is rustier than 17AThe

rustiness makes the search for vatleriiteA rather difficult Only the very occasional

posstbiiity was noted all rather dubious

This specimen TM046917B should be compared with the descriptions of its
complementary compatriotsn 17A 17C Especially with regard to the presence
or absence of pyroxene in each visavismagnetite Also as regards the green micaceous

mineralsmaterialssetc

TM0469417C

A hand specimen Banded with bands of skarn pyroxene I and of ore

magnetitebornite IOne surtace of this specimen is stickensided with a skin of

darkgreenblack smearedoutmaftc materialsperhaps chlorite etc
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Magnetite occurs as eusubhedral crystals to anhedral masses often in association with

green micaceous mineralsmaterials intergrown with lesser bornite as well as

occasionatty trace amounts of chalcopyrite subanhedral The anhedralsubhedral
euhedral developments of each of these sulphide minerals varies from placetoplace within
this specimen

The skarn bands at least some appear to actually be crushed zonesshear
zonesseams made up of veryfinegrained magnetite and crushedrecrystailizedn light
green mtcaceousn viz phlogopite talcserpentinechlorite materials Cf
descriptions of specimens TM04694i7A B Which in light of the foregoing may
meritrequire some reinterpretationn

Note occasional patchespods of verywelldeveloped euhedra of magnetite the prismatic
magnetite of SMA micas and fairlywelldeveloped crystals of bornite chalcopyrite
Affording an almost pegmatitic aspect a vuglike appearance One small pod has eu

subhedra chalcopyrite surrounded by subhedral bornite with magnetite eusubhedra
surrounding bornite and chalcopyrite The adjacent green micaceous is veryfinegrained
perhaps pulverized recrystallized as part of apparent movementfstructural deformation
in this portion of the specimen throughout the specimen likely with recrystallization of
euhedralf magnetite and sulphides post these effects on previouslyexisting green
micaceous or rather preexisting pyroxenelforsteriteI A trace amount of

carbonatecalcite is associated with this and others pod
Note some occurrences of chalcopyrite as welt as magnetite bornite interleaved

intergrown with coarsegrained green micaceous materialsWhere is the valleriite

Why not here Perhaps because no clinohumiteiWhere chalcopyrite occurs the

paragenesis consistently is chalcopyrite then bornite then magnetite Borntte occurring
within magnetite sometimes displays a rounded outline due to the bornite having been

partially resorbed
Note some copper staining light blue green ie here and there on weathered surfaces

of this specimen Perhaps also some blue covellite chatcosite on some bornite

crystal masses surfaces and also on the rims of some bornite crystals observed on

fresher specimen surfaces
Some turquoisegreenblue colored materialsoccurs in association with green

micaceous materials in a few places weatheringorWhen viewed endonn quite a

bit of the green micaceous materials has this appearance even in perhaps fresher
views afforded on fractured surfaces Here and there atalcserpentine afteraround green
micaceous crystals relationship does seem apparentlmanifest

See some good examples of the transition between verycoarsegrained welldeveloped
crystals of green micaceous materials and adjacent finergrained materials Generally
appears to be gradational hence perhaps supportive of the structural deformation
distocationA premisepostulate for this state of affairs within this specimen as well as in the
compatriot specimens i7A i7B

Patches of bufffight brown euanhedral carbonate minerals occur here and there mare
often associated with eaarsegrained zonesnareas of the specimen Note a fair amount of

apparent evidence viz contortion of mican platescrystals smearingshearing etc
perhaps also the coarsegrained podspatcheszones as subsequent recrystailization effects
supportive of this deformationmetamorphism

Much but not aN of the carbonate materialsmentioned above appears to occur

onwithin one particular shear surfacezone within the specimen
Some magnetite occurs as masses of perhaps spheroidalH aspect or is this appearance

actually due rather to the conchoidal fracture aspect of this magnetite with seemingly
radial prismatic textures on broken surfaces ie of spheroidal grains pods
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whatever1vote these especially in association with coarsegrained green
micaceous crystals

Difficult to recognize possible valleriite in this specimen due to the weathering effects

This specimen is important in terms of many aspects of all three 17 specimens
Especially so with regard to the suggestedostulated structural deformational

metamorphic aspects of the coarsegrained finegrained green micaceous

materials as well as the presencelabsence of relict Qyroxene and the paragenesis of the

sulphide minerals and magnetite Each of these three specimens affords unique manifestations
and should be considered in comtementa fashion in any subs went work

TM04695

TM04695f

An originally large specimen subsequently broken into many pieces Peridase brucite
marble Two variants present in this specimen One slighterwhitish somewhat coarser
grained rock the other a greyer denser fnergrained lithology A rather subtle but

apparentsharpish bordeNcontact separates the two Aveinfracture zone is

subparattel to the latter and trends along into the border between the two variants This
border likely a sedimentary contact ie bedding plane

The nature of the periclase and the brucite as well as their genetic and textural

relationships brucite pseudomorphousty replacing periclase are welldisplayed both

throughout the specimen as well as on weathered surfaces The predominant rockfarming
minerals calcite and periclase brucite occur in a crystalline mosaic of typical marble
texture Minortrace amounts of greenishgreyishbrownish finegrained materials
disseminated throughout likely are spine Some similarly disseminated veryfine
grained black materialsmay be graphite andor magnetite A trace amount of

quartz some appprentiy as subeuhedral grains occurs similarly disseminated

TM046952

A saltandpepper dioriticlooking specimen
Featuring pyroxene plagioclase quartz carbonate materials with lesser

proportions of magnetite pyrite chalcopyrite and associated epidote veinlets

Amphibole tremaliteactinolite serpentine chlorie are observed in
association with pyroxene presumably as alteration phases The pyroxene tends to occur as

stubby subeuhdral prismatic crystals exhibiting good cleavage along with associated
alteration minerals The tatter manifest themselves as rims sheaths coatings etc
comprised variously of amphiboletremotiticactinolitic chlorite serpentine
talc adjacent to quartzCarbonateepidote Freshunaltered pyroxene is

blackvery dark greenish in color

The sulphides often occur as crystalline masses aggregates surrounding engulfing andor

replacing pyroxene Or as discrete eusubhedral crystals adjacent to such occurrences Some
fine examples of striated pyrite euhedra including pyritohedra cubes are noted associated
with pyroxene quartz carbonate epidote Examples of chalcopyrite tetrahedra
occur as well

At least two sets of epidote veinlets are apparent transecting portions of the specimen
Might this seemingly dioritic rock actually represent endoskarn maerial in the sense

of Aleksandrov 1 J98 It appears to feature original igneous textural mineralogical and

overall compositional characteristics Perhaps a representative of contaminated magma
from a carapaceshett of dioritic character Portions of which presumably were
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potentially available to intrude into portions of theadacentsurrounding country rocks as
geological circumstances may have dictatedpermittedfacilitated Providing magmatic
materials for apophyses which might serve as metamorphicmetasomatic facilitators
visavis especially susceptible country rocks such as dolomites resulting in formation of
skarns and related materialsPer the concepts presented by Aleksandrov 1998 and etc

TM046953

Specimen similar in aspect to TM046951 which cf Whitecolored a periclase
brucite marble Predominant rockforming minerals occurring as a crystalline mosaic of
calcite and periclase brucite with associated minortrace amounts of spinet
graphite disseminated throughout the rock The periclase brucite nature and
their genetictextural relationships are rather nicely exemplified in this specimen Cf
specimens of similar nature from other nearby sample locations at the Arctic Chief

As in other similar lithologies from this general area of the Arctic Chief there is evidence
of at least a moderate strong degree of structural deformation having affected these rocks
Crushedhealed zones fractures as welt as some slickensidetike featares occur
variously within these specimens as especially manifested by the carbonate grainscrystals
Perhaps not pervasive but substantial

TM04S954
Specimen represents part of a slcarn zone Under the stereomicroscope restricted to

working at 30x160x and only on specimen surfaces fresh as well as weathered this

specimen is of the challenging sort A character sample in the parlance
skarnn material Featuring pyroxene With seams of fibrous serpentine f

onalong the fractures Specimen is fraught with slickensides epidote on fractures etc
Carbonate calcite is abundant in parts of the specimen ie the marblecalciphyre
lithologies The specimen representing a pyroxenefskarn
forsteritelforsteriterichzone calciphyre sequence apparently Evidence overall of a

magnesian skarnn situation in all likelihood
Note traces of sulphides pyrite in the calciphyre zoneAlso as wail in the

forsteriteforsteriterich zone near seamsshears featuringwith apparent
serpentineA occurring as prismaticfibrous eusubhedra oriented subperpendicularly
to crush zonefracture wails of forsterite etc adacent thereto Epidote present here
and there as wail

Similar serpentine occurs within fractureszones which transact pyroxene andor
other black minerals in calciphyre along with associated forsterite Pyrite occurs in
trace amounts nearby sometimes as fresh cubes

Specimen represents a retrograde situationlset of assemblages appare tlv Complex As
such not insinificant in the 4reater scheme of things here

TAil046955

Specimen apparently presents a dioriteendoskarnr to garnet to pyroxenen skarn

contactssequence
Featuring a plagioclasepyroxene diorites endoskarn similar to TM046
952 etc

A thin layerzone of pinkishlight brownish garnet rather zoisiteclinozoisite
epidote separates the diorite from a lesswelldefined skarn of darker
and lighter minerals viz pyroxene carbonate A trace amount of sulphides
pyrite 1 occurs in this skarnn zone

Cf Aleksandrov 1998 etc on diorites endoskarn HHP granitoids etc
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CM0469513

A banded periclase brucite marble specimen
Predominantly consisting of whitefightercolored bands most of the specimen made up

predominantly of a crystalline mosaic of the rockforming minerals calcite and periciase
brucite

Wlth some light grey much thinner bandszoneshorizons of morecoarselycrystalline
calcite featuring evidence of deformation of crystals ie representing a crushedU healed
recrystallized zone within aformerlyoriginally more homogeneous
marblecarbonate rock prototith

Trace amounts of blackdark micaceousmicalike ie perhaps graphite
mineralsmaterialsoccur disseminated throughout especially more prominently
within the lighter portions of the specimen Such dark materials somewhat

appreciably lessabundant in this specimen than is the case in otherwise quite similar rocks

from nearby sampling sites at the Arctic Chief

Perhaps the two types of marble in this specimen represent different degrees of

metamorphismmetasomatism or differing degrees of susceptibility thereto andar

locally differing degrees of structural deformation having occurred far various reasons

within this specimen andor actually a case of two originally different lithologies
proportions of constituentscomponents Viz dolostone vs marble Etc

Andor merely a case of original sedimentary bedding

TM046104

TM046104A1

Part of a foot ie appreciably larger than a hand specimen 4A
subsequently broken with a hammer into several smallerANpiecessub
specimens

This one a dark rack with a veins with attitudes subparallel to a dominant direction

orientation of breakage of the specimen Vein fresh weatheredaltered laterally on

broken specimen surface Specimen isseems relatively dense heavy
A dark rock ivlade up of pyroxene subeuhedra blackdark green with alteration to

tremoliticactinalitic amphibole marginally talc chlorite Some manifestations
warping bending ofcrystals of deformational stresses having been experienced within the
rock

A minor amount of clearwhitish plagioclase occurs intergranular to the

predominant altered pyroxene This plagioclase shows cleavage and occasional subhedral

crystal formsoutlines with darkersmokybrownish central cares perhaps at feast in part

quartz and clearwhitish grain margins Cf other specimens in the TlUl046101
pertes T iie latter prestiiiabty representing igrieouS zoi Eig though some Srtf

secondaryovergrowth phenomenon might also be invoked here viz with quartz garnet

Note occurrences of veins of quartz calcitecarbonate epidote with vague
to moderatelywelldefined margins adjacent to the pyroxene rock Ironstained as

well as with traces of malachite near a smaPl pod of probable chalcopyrite
magnetite green calcite Some offshoots here and there of epidote
cryptocrystaltine quartz into adjacent rock walls The chalcopyrite crystals are a

eusubhedral tarnished and lie within the vein There is evidence of shear parallel to the

plane of the vein with unconformtty surfaces within the vein Evidence of altered

siNcified carbonatizedfepidotized relict euhedral pyroxene
grains within the vein Two generations of carbonates a darker brown earlier
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and a clear whitish later in the veins Andor magnetite with

carbonate quartz Or quartzbrownish then carbonate
Origins pyroxene grains eusubhedra oriented variously randomly with Quite

subordinate plagioclase including carbonate Magnetite subeuhedra disseminated
amongst the pyroxene grains Epidote quartz chalcopyrite carbonate chalcopyrite
the apparent depositional sequence in veins from margins inrord Pseudomorphs of

carbonateIquartzepsdote after pyroxene with retention of relict crystal outlines
cleavage noted

Weathered specimen surfaces suggest plagioclase magnetite quartz epidote
carbonate pyroxene do in fact comprise portions of this specimen per the aboveforegoing
treatiseexposition A sample of pyroxene skarn rather than igneous ie

TM046104A2
Another larger broken piece of4AThe other half actually of a piece broken

from 4A1originally Same as its mate

TM046104A3
A larger broken piece Observe subeuhedral outlines of pyroxene crystals 12 mm

and smaller here and there veinseam of carbonate The large pyroxene
grains show 87133degree cleavages are blackdark green could be altered to

hornblende and then to tremoliticactinolitic amphibole marginally talc
The eusubhedra abut one another at various 30 degrees angles
glomeroporphyriticblasto originally Sample is seamed with epidote
quartz carbonate opaques

TM046104A4

targest broken piece Calcite euhedra in one location associated with a vein Color
index of this sample 60 to Calcite cleavage remnants 16 mm

Much of the lateclearwhitish material in the specimen probably is calcite
Though some is likely plagioclase Seamvein is quartz and calcite epidote

Perhaps most likely an alteredretrograded endoskarn pyroxene and

plagioclase rock exoskarn with magnetite veinedseamed with calcitequartz
epidotemagnetite

Possibly trace of verytinegrained opaques viz sulphides andor graphite
1or disrupted magnetite disseminated throughout the specimen

TM046104B1

Once part of an original foot specimen now broken into several pieces These labelled

Note euhedral welldeveloped prismatic pyroxene clinopyroxene ghosts on a

freshlybroken fractured surface which also contains sulphides The ghosts now

pseudomorphed hornblende Carbonate euhedra and also some lessweCl

developed on the opposite also freshlybroken specimen surface pinkishbuffwhitish
with sulphides present as well Note similar ghost features in other dioritic rocks in this

general area Are these originally igneous in origin or metamorphicmetasomatic
Scattered eusubhedra and lesswelldeveloped of sulphides molbdenite galena

magnetite on specimen surfaces Specimen broke readily along these surtaces thus they
are zones of weakness fzones of structural significance within this as well as the

original larger specimen Featuring mineralizationlalteration associated with them
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Apparently featuring euhedral crvstalsplatelets of molvbdenite hexagonal

seemingly opaque shiny moderately looserleaved Or alternatively some sort of

peculiarly blackishbluish shiny to dullappearing black mica viz biotite phlogopite
or graphite Or smeared galena A penknife point succeeded in peeling

a curling shaving of a layer from one or these hexagonal crystals ie looks metallic
Host rockspecimen overall Features eusubhedral pyroxene amphibole

initially hornblende then subsequently tremoliticactinofitic variety Plagioclase is

another principal mineral present in this specimen occurring as eusubanhedral clear

whitish grains Minor euhedral and lesswell developed quartz is also present Thus the
rock might be considered to be aquartzbearingquartz diorite with an igneouslike
texture of intergrown crystals

Evidence of a moderate degree of structural deformation throughout the specimen with

some veinfets along semiplanar shearfracture surfaces which often feature very

finegrained carbonate calcite quartz Molybdenite is essentially
restricted as far as can be discerned fn this hand specimen to one zonefractureshear

Relative proportions of pyroxeneetc vs plagioclase seem fo vary within the specimen
banding The largerscale ghosts mentioned above are not readily evident as such at

30x magnification likely due to the replacingpseudomorphing materials amphiboles
maskingconfusingobfuscating aspects of the original pyroxene crystals

Trace amounts of epidote occur here and there especially in the zone which features the

apparent molybdenite These molybdenite euhedra are halfagain or so as large as

adjacent pyroxene amphiboles grains The molybdenite grains measure on

the order of 30mm in width of hexagonal plates

The otherwhiter side of this specimen features similar malrbdenite morewide

facedspread across the hammerbroken fracture surface and they are of similar ie 30

mm and smallerl width as their counterparts an the other darker surface of the

specimen
A penknife point drawn across a surface of one of these platelets readily leaves a rogove

Though this material seems uncommonly wellcrystallized for graphite Though in

reflected oblique illumination at 30x magnification it also looks perhaps a bft too black for

molybdenite These enigmatic opaques are intergrownoccur with pyroxene
amphiboles andor plagioclase on this surface Occasionally interleaved with

tremoliticactinofitic amphibole
One massive accumulation of molybdenite crystals seems to have reacted withbeen

altered to a pale yellowbuff boxworknetwork of prismaticiathlike crystalline affect
with voids Suggesting nerhaps the parent material in this instance was not

graphitecarbon but rather something elseasulphide viz molydenite andor le

molybdenitesiifphide a SCiffate carbuiate etC This OccurreiCe Iles within an

area of plagioclase carbonate and pyroxene amphiboles not far from

a zoneveinlet featuring rather wellcrystallized epidote
Whitepink materials on this specimen surface are carbonate calcite quartz

plagioclasef

The ghosts 12 mm and smaller of pyroxene euhedra mentioned above are

apparently on the darker surface of this specimen They are now comprised of a

pseudomorphous assemblage of amphiboles viz hornblende followed by
tremoliticactinofitic material For the most part these occur as fine prismatic crystals
mare or less oriented in keeping with that of the original pyroxene crystals There are

however orientations at odds with this This latter effect may be more apparent than real
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however since the original pyroxene crystals occur in various orientations even
presently within the ghosts ie the ghosts perhaps not igneous in origin but rather
blastic due to otherthanigneous ie metamorphicfinetasomatic
circumstances Growthreplacement

In places such as shown on this surfaceportion of the overall4Bnsample as a

whole the mineralogy lthe texture appear to be more a gabbroicskarnoid type of

affair The original pyroxene crystals black shiny are often seen as

representing bookspatches of platelets ie micalike
biotitephfogopitef This appearance might be the result of alteration andfor

breaking with hammer of traces of pyroxene cleavages on pyroxene prism faces
Cleavages ghost morphologyoutlines are however apparently indeed pyroxenetike

The ghost outlines are only apparent without magnification and are not readily
discerned at 30x

It might be conceived that the rock originally was more akin to a pyroxenitegabbro
meladiorite than a diorite perhaps even more likely a pyroxene skarn
retrograded fractured mineralized etc

It dotes infactseemthattheaaparent molvbdenite is most likely though reauirin

further confirmation gust that Per its metalifc luster and other characteristics its

color its observed apparent boxworknework alteration and other attributes Although
smearedoutoccurrences of sulphides such as galena etc remain possibilities yet to be

dismissed While graphite seems perhaps the least likely candidate

AIinall a most interesting specimen if perhaps remaining a bit enigmatic at the

preliminary level of triageanalysis performed here Petrographic scope time

TM046104B2

This sample 2 is from another opposite end of the larger specimen 4B
from the previouslydiscussed TiVl046104B1sample which cf

Sample 2shows two rather distinct in megaappearance apparent ifthogies one dark

greyblack with a color index of about 50 the other one a lighter greygreen though also

with a color index of about 50 if the green materials isfare considered mafic A

moderately sharp border separates these two

Note same ghostsmegacrystalsblastsphenocrysts on the order of 12 cm and

smaller These appear to be somewhat akin to similar features observed in sample 1

However those in the present sample have perhapsamore hornblendelike aspect
than the apparent pyroxene analogs in 1

There is actually a vague indication of bandingftayering with bands of black versus

greygreen alternating Each band on the order of 1 to 3 cm in apparent thickness as

viewed on the specimen surface

Two major broken specimen surfaces one fresh F the other weathered W

F

Presents some fine examples of euhedral pyroxene with the distinctive cleavages
surrounded by rims of tremoNticactinolitic amphibole withinadjacent to sub

euhedral clearwhitish plagioclase Some of the plagioclase is altered variously to

apparently epidote in places
A bandedlayered specimen with darker pyroxenerich versus fightergreenish

plagfoclaseepidote t richer zonesbandsn

A few thin planar seamsveinlets transect the specimen with associated more intense
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development of epidoteepidotization of adjacent plagioclase as well as some concentrations of
FeOfOH now at present materials Trace amounts of magnetitelimonite are

scattered throughout the specimen as weft

A plagioclase pyroxene now amphibolesn lrock Diorite metadiorite
gabbro etc Igneous Ora pyroxeneplagioclase skarnskarnoid

lftJH

Suggestions viz cavities drusy surface of carbonate on weathered surface of specimen
Trace of molybdenitegraphitesmearedout sulphides 1 l AND
OR on surface This surface is the extreme opposite end of the specimen from the

specimen TM046104B1which cf
This moderately weathered surface features much white though with apparent

ironstaining material crust andlor fracture surfacelseamlveinlet1T
The molybdenite occurs here and there associated with white material ie

plagioclase Iouartz IcarbonateI as eusubhedra similar to that noted on

the 4B1specimen The molybdenite is fresh unweathered perhaps rather

graphite thus
Traces of eusubhedral rusty seeming opaque magnetite sulphidesrains

occur on this surface of the specimen
Some pyroxene crystals show slight incipient weathering rusty materials

Note another ghost pyroxene about i 5 cm in maximum observed dimension with euhedral

crystal outtinefshape weatheringaltering

NotefAsidel Re diorites etc Esq in the Whitehorse Cooaer Belt I

Igneous diorites Vs pyroxeneplagioclase rocks esp as per Aleksandrov 1998
other papers Criteria for distinction

Endoskarns Exoskarns Skarnoids

Contamination Reaction Assimilaion Melting esp of countryhost
rocks andor skarn

Metadiorites Gabbroic rocks compositionally mineralogy chemistry
texturally modesfloci of occurence etc

Meta Metad Meta diorites

Granitics

Superheat Highheatproducingn HHP granitegranitics
magmasmeltsCf Aleksandrov esp his St AustellHHP paper and his1998 book

TM046104B3

Similar to TM04610481of which the present specimen 3 is the larger
parent portion broken in turn from the largest in reserve foot specimen 4B

j YVl161G Q5 mentivoled to Sii7i Coyne an evei iaryer peruititndtepatent
residesed along the Mt McIntyre road on the southish side of the road about 03

miles uphill from the junction of this road with the roadtwotrack to the top of the Arctic

Chief west pit north rim cf field notes
The present specimen B3 features on the order of 350molybdenite

graphitesmeared other materials viz galena other sulphides etc

located on the fresh fracture surface F of the specimen which surface is the mate to

thatthe similar one on specimen iwhich cf
This surface F

a

is intersectedtransected by a number of moderatelyspaced fractures
cutting across it at high 90 degrees angles These latter fractures are not obviously
mineralized More akin to cleavage in aspect fate hence presumably

The opposite side of the specimen W is moderately weathered with appreciable whitish
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rusty materialsas well as slightlymoderately weathered pyroxene
These two surfaces W and F are subparallel with several variouslywelldeveloped

seamsveintetsffractures subparaltel to them within the specimen Also note several

veinlets with associated whitish materials trending at high angles to both the W

and F and the cleavagelike trendsffractures In essence mare or less a three
dimensional network

A cross section of a weathering profile at the larger butt end of the specimen has much
to offer in terms of elucidation of mineraiogies and textures of this specimen

The cleavagelike fractures may have at least some associated quartz ie silicified
traces of ironbearing materials

The molybdenite crystalsfplatelets seem to have a coherency as individual sub

platy flakes suggestive of a metallic rather than graphiticcarbonaceous character

Though as well there may well be some smaller disseminated grainsplateletsetc of

graphitelcarbonaceous material present on this fracture surface

Some ofthemolybdenite crystalsplatelets are on the order of 40 mm in

maximum dimension of the hexagonal surfaces The whitelwhitish sometimes slightly
rustyferruginous materials associated with these molybdenite grains may be

Iagioclasequartzcarbonate Epidote is not uncommon in proximity as well

Also some copperbearing sulphides viz chacopyrite bornite occur

sporadically on this fracture surface associated with carbonate quartz t Some green

malachite materials associated as presumably alteration andor weathering
products These sulphides areeusubhedrai as welt as lesswelldeveloped Seen best on one

edge of the ecimen near the wedgeend of the specimen Someveryweltdeveloped
tetragonallike euhedra noted here

Some molybdenite is associated withintergrown with tremoliticactinolitic

amphibole and relict pyroxend
There is a chloritelike green cast to some of the whitishclear mineralsviz

quartz carbonate plagioclase akin to an internal dusting of inclusions of

extremely finedrained green materials Copper

W

Surface is moderately weathered

Evidence of weathering of mafics pyroxene utremoliticacinolitic amphibole
with drusy veryfinegrained crystals of bright epidote green eusubhedra

seen on relict pyroxene crystals etc surficiaf crust on weathered surface of specimen
more or less ubiquitous

Also weathering of carbonate plagioclase is evident

Numerous holes cavities are noted though there seems to be no othercompelling evidence
of weatheredout sulphides or magnetite

Allin all an interesting specimen Esepcially with regard to the chalcopyrite bornite

malachite molybdenite associated on the F surface

TM046105

Dioritic rock Sulphides and trace malachite on a readily broken with a

hammesurface fracture Blebsblobspatches of black material s associated with

these su hides

Specimen has a granitic aspect overall with vague bandingflayering in places A

salt and pepper texture megascopically
Rusty weathered surfaces staining near sulphides Chalcopvrite with associated white

carbonate redbrown hematiteaarnet1yellowgreen eoidot clearvitreous

32A

GMC DATA REPORT 3 4 4 Page lotil



quartzcarbonateffeddspar material Chaicopyrite is eusubhedral with

occasional weatheredaltered associated malachite hematitemercurybearing
rnineralIj

This chalcopyrite assemblage is essentially restricted to a planar zone of relatively
small thickness with evidence of structural movement within this zone slickensided
features alteration Essentially chalcopkrite pyrite some bornite perhaps

hematite malachite etc at least in part
Note other veinlets of epidote quartz feldspar which transect this

zone here and thereSome such feature apparent veryfinegrained carbonate of pinkish
hue Black hornblendic amphibole similar to that found lessintensely altered in the
surrounding country rockA of this specimen is in this zone moderatelystrongly altered
peripherally and along cleavages to a fight green prismatic tremoliticactinolitic
amphibole

The hostrockdioritefendoskarnexoskarn is made up principally of clear white

plagioclase and dark green to black amphibole note cleavages pyroxene The
latter maficsshows various degrees of alterationp tremoliticactinolitic

amphibole but for the most part less intensely so than is the case within the sulphide
bearing zone Eusubhedral magnetite is an important third constituent mineral in this rock

Plagioclase pyroxeneamphibole hornblende are eusubhedral intergrown
in an apparent igneous texture granitoiddioriticn of mediumfine grain size
more or less equigranular constituent phases Some epidote alteration ofmarginal towithin

plagioclase andor amphibolesAlso some flakesfspecksn of magnetite
galenalmolybdenitegraphite on dioritic rock proximal to the

sulphidebearing zones Some lozengeshaped ambereusubhedra within the rock might be

spheneI in trace amount

Country rock of dioritic aspectflavour mineralogically and texturally However
genesis is another matter Especially givenin the context of the localarealregional

geological settingenvironmentjj
Perhapsflikely an example here of the not unusual dioritic border margint

carapaceshell associated with graniticn intrusive suites in many places elsewhere Apparent
examples of such too numerous to do more than allude to here in this report Cf also

Aleksandrov 1998 and other publications especially his HHP paper at the St Austell

conclave

Implications for the Arctic Chief For the Whitehorse arealCopper Belt Regionally
Cf also Moorhouse 1959 regarding diorite especially page 244 regarding hornblende

after pyroxene morphology etc also pp 256301 A lot of lore in Moorhouse Hogarth
pers comm

At a location on one edgecorner of this specimen note one verywelldeveloped eightsided
in part euhedral crystal pyroxene originally Replaced by epidote in the center and

malachiten at the crystal margin with some relict pyroxene remaining in the central

core

Further as regards the nature of the darkblack blebsblobspatches seen

megascopically on the surface of the specimen near the sulphides
Megasopicaliy they have a blastocrystalline aspect with seemingly a metamorphicn

equivalent of poikititic texture ie paikilobiastic iiz the

amphiboleIhornblendelor with inclusions of plagioclase pyroxene
They seem to be rather compositesfl of variouslyoriented eusubfedra pyroxene

which has been moderately altered tremoliticlactinolitic amphibole
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Seemingly via an intermediate hornblende stepstage The pyroxene having a decidedly
black shiny hornblendelikeappearance to it le pyroxene hornblendic

amphibole tremoliticlactinolitic amphibole
Was the hornblende originally of igneous dioritic parentage initially Subsequently

pseudomorphed to pyroxene via change increase of temperature andor other effects

related to changing pressure composition conditions With subsequent
retrogradingalteration resulting in formation of tremoliticlactinolitic amphibole

Some of the outlines of the mega carrstals abut chaicoprrite lcarnet1as though
theC crystallized sidebyside

Or rather sulphides quartz epidote carbonate replacive of pyroxene

TMQ46t61

An outcrop specimen A salt and pepper rock Dioritic Two variants noted in the

specimen The contactborder between them is relatively distinctsharp

One is afinegrained equigranular rock featuring apparent pyroxene feusubhedrat and

plagioclase Pyroxene features ramsborders of apparent tremoliticactinoiitic

amphibole composition These pyroxene grains occur intergrown with subanhedral

plagioclase quartz Color index 4Q ie dioritemeladiorite

Trace of mafybdenitefaraphitewmagnetite Molybdenitevfsmeared galena or

other sutphidesgiant magnetites occurs associated with carbonate atnear the

margincontactbvundary between the finegrained and mediumgrained variants of this

specimen Likely magnetite but might be mica viz biotite phlogopite Persistent

along this contact in trace amounts Apparent magnetite euhedra noted Note also some

oxidation products rusty 4mm in size associated with this contact zone and
elsewhere too where the fresh and weathered surfaces of the specimen meet This

materialspersiststhroughout the mediumgrained portion of the specimen

The other variant is amediumgrained rockwith large black eusubhedral crystals of

pyroxene within fighter plagioclase materialsOne the largest noted euhedra

prismatic pyroxene crystal is 14 mm in maximum observed dimension others are in the

range of 7 mm and smaller

The weathered surface of this mediumgrained rock shows the major mineral constituents in

a different light as it were

Consisting of apparent quartz plagioclase carbonate pyroxene with amphiboles
magnetite green euhedra of spines and perhaps some molybdenite Some eu

subhedral clear amber crystals sptnelfoccur in this rock type associated with

GlCene to IVtlase 1JCillz rake ll alnet nGLed aj vel fine lalned 1edpY p g q g l 1 r g

amber eusubhedra associated with pyroxene

Might the pyroxene euhedra originally been glomeroporphyriticphenocrystic
groups of crystals now alteredwhatever urafite viz hornblende

tremoliticactinoiitic amphibolefepidotephlogopite or biotite in places The mega
euhdrat outlines now consist of a mass of variouslyorientedeusubhedrat relict

pyroxene crystals amphiboles Similar to relationships observed in

dioritelike specimens from TM046104 5 which cf
Two kindsgenerations of plagioclase noted An earlier often eusubhedral clear but

brownish variety This surrounded by a more abundant whitish variety The
brownish could actually be later than the whitish The brownish ranges
from euhedra rounded Perhaps these relationships actuallymerely representing a
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matter of zoning in plagioclase from dustyfsmokyaltered cores whitish rims

Likely or so it appears in some views le zoned plagioclase Perhaps Gkeiy
so but not assuredly so As is the case in most matters geologic and otherwise Cf

Smith Spry etc
Does this suggesUindicateestabtishdemonstrateprove the igneous nature of this

plagioclase therock At east during the crystallization of the plagioclase adjacent
toaround the pyroxene eusubhedra etc e crystallization from a melt
contaminated or otherwise With attendantpresumed implications as to dldeltaT
HHP etc per Ateksandrov 1998 and other publications especially his St Austell

paper le not a plagioclasepyroxene rock as a metamorphicmetasomatic product But
rather aportionvariant perhapslikely contaminated of the la main magma body

Asidequestion candoes a contaminated perhapslikely lessbasic melt

crystaiHze mediumfinegrained eusubhedral pyroxene plagioclase at lower

temperatures than the experimentallydemonstrated phase relationshipsmineral
stabilities regime at thermodynamic equilibrium ie Perhaps as a non

equilibrium quench phaseover or under shooting sort of thing
Reactionassimilation as a type of metamorphism Cf stabilitiesassemblages per
various PTCsj

One freshly broken surface on the specimen shows some minor ironstaining at an edge where
the surface adjoins one of the other weathered surfaces of the specimen

TIUI0461062

A hand specimen now broken into six pieces Float sample One fracture noted cutting this

specimen Vaguelydefined planar seams occur subparattei to this or at 45degrees to

it

Specimen displays a salt and pepper texture megascopicalty The lighter grains showing a

pinkish cast the darker ones agreygreen aspect Alteredmetamorphosed
metasomatized

Light green material diopside An altered pyroxene tremoliticfactinolitic

amphibole Crystals displaying good outlines suggestive of pyroxene Now made up of

crystalline materials with some apparent relicUvestigial 8793 degrees cleavages but
with overall color aspect of diopsidetremoliteactinolite Some of these crystals are

clearly eightsided in outline prismatic forms are displayed as well

Pinkish matelrials originaitystill plagioclase likely Pink representing alteration

tiltnoZOfSlleLJtslteIYI11epldote Now a subtle rose gdiaiiZ Cvtor iri piaCCS d lie

to zoning or to thickness of viewed crystal etc Though at least some of this pink material

might actually be carbonate some might be quartz Traces of apparent zoning with

brownish cores and lighter rims Could be zoned garnet rather than plagioclase

Occasional scattered crystalspatches of dark brownblack graphitelikelooking
materials especially associated with plagioclase Traces of light yellowgreen epidote
are similarly associated as eusubhedral crystals Also note some amberbrownish eu

subhedra of spinetgarnetorPossibly also some light redpinkish garnet
here and there Also appreciable eusubhedral magnetite as well as

phtogopitegraphitesulphides disseminated here and there
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Note a few prominent interns fracturesshears which intersect at various angles in a

moderatelyspaced network Some siickensided features alsonoted in association with
these

Lithologyies now a pyroxene altered amphiboles plagioclase garnet

magnetite minor carbonate quartz rock with textural variants An

alteredretrogradedtalcskarned rock Vtfhich could have had a dioriticgabbroic
protolith

At least some of the pinkish material could be carbonate There are some massespods of

magnetite here and there as well as the disseminated eusubhedra Weathered specimen
surfaces afford much useful informationperspective regarding this specimen

The lightgreen materials does seem to be altered pyroxeneM now diopside
andor tremotiticactinoliticn amphiboleslbased on the nature of observed crystal
shapesoutlines and cleavages especially when viewed on weathered moderately specimen
surfaces The pinkishwhitish euhedra appear to be feldspar presumably plagioclase as

similarly viewed on weathered specimen surfaces Occasional bright green sixsided crystals
are probably epidote Also noted are variously roundedweathered apparent euhedra crystals
of magnetite

Weathered specimen surfaces are informative at 30x60x viewing especially with the

stereomicroscope

TM04608A

Hand specimen Ore Massive specimen of magnetite with scattered patches of

serpentine greenish to bullishyellow on weathered surfaces Traces of copperstaining
light bluegreen on some fracture surtaces

TM04892Z

Garnet reddishbrownish and pyroxene dark greenblack skarn with crystalline
calcite orangepink Cf similar specimens TM817301 2 Typical
skarn sent to SMA January 2005 Cf SMA comments

TM04012

TM04101222A101

Massive chatcopyrise magnetise bornise with associated pyroxene calcite
quartz malachite featuring some nice acicular crystals serpentine

TM04101222A102

Massive magnetitebornitechatcopyrite calcite serpentine quartz

TM04101222A103

Green mica phiogopite presumably magnetite bornite pyroxene serpentine
calcite quartz

TM04101222A107

Massive magnetite with coarser crystals of bornite with associated azuritemalachite
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on the weathered side of the specimen Also crystals of forsterite serpentine
Also some calcite andor quartz A small specimen but one with some interesting
textural relationships

TM04101222A11 2

A float specimen from the 22Aarea Note sme subtle banding in megaview
Periclase brucite marble Predominant rockforming calcite and periclase brucite Trace
amounts of black opaque minerals magnetite ludwigitevonsenite Also
some spinet forsterite

TM04101222A113
A carbonate rock specimen Fooat from the 22A area Features two types of

carbonate rocks one white the other grey Both pericase brucite marble 6ithologically
The periclasebrucite relationships are especially evident an the weathered specimen surface
Weathered surface also shows trace amounts of black opaque mineralsand some sulphides
pyritelandor Also perhapstmotvbdenite

TM04101222A120

Specimen from a LARGE chunk of ore material at locality 22AComprised of
magnetitebornitephlogopite Note varying grain sizes of crystalline phlogopite

TM04101222A121

Specimen from a LARGE boulderchunk of ore material in the 22 locale On the
benchrim of the south side of and above the entrance cut at the Arctic Chief west pit
Specimen consists of magnetitephlogopitebornitef

TM04101222A122

Specimen from the same general locality as the 22A121 sample above Consists of

magnetitebornitechalcopyrite with much associated phlogopite as well

TM04101222A123

Specimen from the same general locality as the 22A121 sample above Consists of

pyroxenemagnetitebornitechalcopyritephlogopite 1

TM04101222A124

Specimen from the same general locality as the 22A121 sample above Consists of

pyroxenephlogopitemagnetitebornitechalcopyrite

TM04101222A125

Specimen from the sare general localy as the 22A121saple abfiieConsists of

pyroxenephlogopitemagnetitebornitechalcopyrite

TM04101222A126

Specimen from the same general locality as the 22A121 sample above Specimen is
banded with opaques versus nonopaques magnetitebornitechalcopyrite forsterite
calcite

TM04i01222A127

Specimen from the same general locality as the 22A121 sample above Consists of
phlogopitemagnetitebornite
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TM04101222A128

Specimen from the same general locality as the 22A121 sample above Consists ofi

magnetitechalcopyrite

TM04101222A129

Specimen from the same general locality as the 22A121 sampie above Consists of

magnetitepyroxene phiogopitetremoliteactinolite chalcopyritebornite trace
amount Features chalcopyrite and calcite on planarveinlike surfaces as wren

TM04101222A130

Specimen from the same general locality as the 22A121 sample above Consists of

magnetitephiogopitechalcopyrite Magnetite varies in crystallinegrain size

TM04101222A131

Specimen from the same general locality as the 22A121 sample above Consists of

magnetiteforsteriteserpentinel

TM04101222A132

Specimen from the same generai loeafity as the 22A121 sample above Consists of

magnetitebornite trace amountphiogopitecalcite

TM04101222A133

Specimen from the same general locality as the 22A121 sample above Consists of

phiogopiteserpentinemagnetite

TM041 0 1222A1 34

Specimen from the same general locality as the 22A121 sampie above Consists of

magnetitephiogopitechalcopyritebornite

TM04101222A135

Specimen from the same general locality as the 22A121 sample above Consists of

magnetitephiogopitecalciteApodlens of crystalline calcite was noted occuring within

magnetite crystals in one location in the specimen

TM04101222A136

Specimen from the same general locality as the 22A121 sample above Consists of

magnetitephiogopitecalcite

TM04101222A137

Specimen from the Sdrne general iUalily aS file L2A121 Sample above Con51StS of

pyroxenephiogopitemagnetitechalcopyritebornitemalachiteazuritecalcite
Complex sample

TM04i01222A138

Specimen from the same general locality as the 22A121 sample above Consists of

magnetitephiogopitecalcite

TM04101222A139

Specimen from the same general locality as the 22A121 sample above

Consists ofi pyroxenemagnetiteforsteriteserpentinecalcite
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TM04101222B104

A VERY NICE SPECIMEN skarn intrusivefront zoned Collected in the vicinity
of the skarn apophysislens at the north edge of the Arctic Chief west pit entrance A
cognate float sample from below map 3 ie TM04693 locality

Specimen is approximately 16 cm in its maximumllongestn dimension Displaying six

apparently recognizable individualdiscrete zones as follows
Zone 1 37 cm in apparent width as measured on the specimen surface selected for study

Periclase bruCite marble with minortrace spinet Light grey banded
Zone 2 About 20 mm wide Cleargrey Coarse crystals of quartz calcite in a

lenslike border region between zones 1 and 3
Zone 3 On the order of 40mm wide Darkgreygreenishyellowish Banded Calcite

forsterite pyroxene
Zone 4 About 50 mm widen Ayellowishgreenish zone Forsterite

calcite
Zone 5 On the order of 130 mm wide Dark greyish Pyroxene phlogopite other

micaceous minerals
Zone 6 Approximately 160mm in apparent width as measured across this tonguelike

feature which is surrounded by immediatelyadjacent zone 5 material Pinkish in color

Likely altered igneous material ie zoisiteclinozoisiteepidote or

garnet calcite
This illustrative specimen is moderatelystrongly fractured with most of the evident

fractures oriented more or less subperpendicularly to the bordersmargin of the

apophysisintrusivereplacement zone 6 wherein the skarn material presently
occurs This latter perhapslikely associated with a longlived or otherwise fracture
oriented along the apparently in this view long axis direction of the present mass of
skarnn and related zones surrounding the garnet core

This is the specimen described by S M Aleksandrov in his paper
Gold Behavior during Endogenic and Supergene Alteration of Sulfides in
Maanesian Skarns BY S M ALEKSANDROV PUBLISHED IN GEOCHEMISTRY
INTERNATIONAL 2007 VOLUME 45 No 2 RQ 152169

The following is taken from remarks of 7CM in his reviews of this paper in the present
report above pp 79 which cf

Among others one important point in particular seems worthy of special note here in
this commentary On page 154 Aleksandrov observes The magnesian skarns of the Arctic
Chief deposit occur not only at contacts with the main intrusion but also around injections of
diorite melts into dolomites Fig 2 The rocks preserve their zoning and inclusions of Mg
ludwigite in the forsterite calciphylres but contain no magnetite ore mineralization

asstviated directly YY ith the lattel IllallGlJmillVi InelllVll ie

Illustrative of this his Figure 2 on his page 156 offers a drawing of a rock specimen
This specimen happens to be the one designated T M 0 4 1 0 1 2 22 B 1 0 4 when it

was collected in the field at the Arctic Chief on Octoberl2 2004 at sampling locale 22B
Described by TCM in his triage phase of analysis as a VERY NICE SPECIMEN among

other comments This specimen was subsequenty sent in its entirety to Aleksandrov Studied
depicted and discussed by him Who also apparently found it a very nice specimen

Collected in the near vicinity of a larger skarnapophysislens of tonguelike aspect
featuring zoned igneous and skarn materials within carbonate host rocks with green iue
rustytcopperstaining present in places along its margins This larger featuris a
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rather gaudyfspectacular one wellphotographed 2004 and later As weN as

subsequently in 2006 collected in detail as samples TM068222
Cf maps descriptions etc by TGM in the Data Supplement of the present report

Location is at the northern edgelmargin of the entrance cut of the Arctic Chief west pit
exposed up on the sidetwail of the cut In the vicinity of the corelcrest of a tightoverturned
fold in the carbonate host rocks Below map3 ie TM04693locality

From selected portions of earlier letters from SMA to TCM

Ludwigite is in serpentinebearing marble T M 0 4 1 0 1 2 22 B 1 0 4 very
little May be in contact with marbles you can see kotoite Mg3B032

You can see rhythmicallybanded textures that inherit and in magnetite ores The
best you can see in T M0 4 Y 0 1 22 2 b 1 04 the sequence around
diorites injection in marblesexchanged altered dioriteclinozoisite rim

pyroxene skarnbanded Ludwigitebearing forsteritic calcihyrebanded pericfase
brucite marble

According to its caption AleksandrovsFigure 2 illustrates diorite injection in dolomite and

zoning in magnesian skarns Recognized as such in the field too Collected with

precisely this intent this specimen is used as an example in microcosm as it were

of the general relationships positions typical of magnesian skarns at various scales from

hand specimen as here through deposit scale Per the model for the geochemistry of

skarn and ore formation in dolomites as developed and set forth by Aieksandrov and his

associates over a period of many years

Providing further illustrative bonuses as observed and depicted this informative specimen
also features rhythmically banded forsterite calciphyres and disseminated crystals of

magnesioludwigite fn addition to the other compositional and textural features characteristic

of magnesian skarns so nicely displayed in this one specimen

Collectively Letting the rock speak for itselfry as it were

This Figure this specimen the evidence afforded supplemented by Aieksandrovscomments

sufficiently informative to merit incorporation in the present report A Key item

Thus his Figure 2 and caption are reproduced below on page InsertSMA156
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Fig 2Diorite injection in dolomite and zoning in magnesian skates Arctic Chief deposit sample of TC Mowatt 1Diorite
replaced by zoisite Zo 2phlogopitediopsideskam Ph3diopside skarn Di4rhythmlically banded forsterite calciphyreFoCa 5disseminated crystals of magnesioludwigite LdMagnification25x
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TM0410i222Bii4

Specimen from the northwestern part of area 22B at the northwest side of the Arctic
Chief west pit entrance This is below map locale 3 A float sample

Features a pluglike zonelenstongue of skarn intosurrounded by carbonate
hostcountry rock Presumably fracturerelated

skarn consists of apinkishbrownish garnet care rimmed with a

calcitemagnetitepyritegarnet zone featuring relative concetration of magnetite
pyrite

The carbonate rock periclase brucite marble is whitelight grey It consists of the

rockforming assemblage of calcite and periclase brucite with minortrace amounts of
associated pyrite euhedral magnetitemolkbdenite graphite

Specimen contains some fractures best observed on weathered surfaces

TM04i01222B115

A fbat sample from locality 22B below locality 3 at the northwest side of the
entrance to the Arctic Chief west pit

Features a skarn ptugllenstongue into carbonate host rock The larger of the two broken
pieces was sent to SMA the smaller piece containing the snout of the pluglens was

retained
The carbonate host rock is a white periclase brucite marble with trace amounts of

associated graphitefmolybdenite pyrite and spinet
The skarn materials isare dark greyblackish pyroxenemagnetite

sulphides pyrite as well as a minortrace amount of reddishpinkishbrownish
garnet

TM04101222B11 6

A float sample from locality 22B below locality 3 at the northwest side of the
entrance to the Arctic Chief west pit

Specimen features serpentine with aseamveinof white calcite and dark greyblack
materials Pyroxene serpentine forsterite epidote calcite
magnetiteother black opaque mineralstrace of sulphides

TM04101222B11 7

A float sample from locality 22B below locality 3 at the northwest side of the
entrance to the Arctic Chief west pit

An altereredretrograded pyroxene skarn material pyroxene tremoliticl
actinolitic apmphiboletalc With some calcite and sulphides prrite1

TM04101222B11 8

A float aTipie iium IOCaitty 22B below Ivaiity 3 at the northwest Side Uf the

entrance to the Arctic Chief west pit An illustrative specimen
Specimen is about 110cm in its longest dimension Bandedzoned as follows

Zone 1 15 mm in apparent width as measured on the face selected for study Aplagioclase
pyroxene rock a dioritic or endoskarn material

Zone 2 43 cm widePinkish garnet
Zone 3 35 cm wide Pyroxene moderately altered to tremoliticactinolitic

amphibole
Zane 4 15 cm wide Phlogopite
Zone 5 15 cm wide Forsteriteserpentinefspinet maroonred

brown magnetitelhematite black opaques
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TM04101222B11 9

A float sample from locality 22B below locality 3 at the northwestside of the

entrance to the Arctic Chief west pit
Periclase brucite marble With associated blacksmoky spinetor some other

more or less opaque mineral occurring as eusubhedra tetrahedracubes
fBorates Thisspinelfopaques materialscomprises an appreciable
I30 component of this specimen

TM04101222B140
A float sample ftom locality 22B below IocaGty 3 at the northwest side of the

entrance to the Arctic Chief west pit
Pyroxene tremoliticactinolitic amphibole serpentine forsterite

spinet trace garnet trace magnetite trace plagioclase Pyroxene and

plagioclase subeuhedral

Exoendoskarn ie plagioclasepyroxene rock Or

Note a concentration of chalcopyrite at one end of the specimen intergrown with Qyroxene

within pyroxenecstals too and disseminated among pyroxene and plagioclase Specimen

appears to perhaps be silicified 1

TM04101222B141

A float sample from locality 22B below locality 3 at the northwest side of the
entrance to the Arctic Chief west pit Copper mineralization at one end of the specimen
Pyroxenemagnetite phlogopitechalcopyritebornitetracelmalachiteazurite
cakite

TM041012228142

A fiioat sample from locality 22B below locality 3 at the northwest side of the
entrance to the Arctic Chief west pit

Magnetiteserpentineforsterite

TM04101223105

A fractured bandedlayeredsheeted specimen Weathered but with some interesting
structures and mineral texturesintergrowths
Calcitemagnetitechalcopyritemalachitehematite

TM04101223106

Massive crystalline magnetite with subordinate yellowgreen crystalline
forsteriteserpentine Yellowgreen fsome white crystals are

intergr oirvn amorgiiaynet a yryatais aS weii aaivig fractiiies ii specimer

TM04101223108

A granitic rock Floatexcavatedcast material from the southern end of the Arctic

Chief east pit A few fractures threesetsdirectionsattitudes noted Some apparent
inclusions dark as well as light Or perhaps phenocrysts
Plagioclasepyroxenehornblendesome calcitesome rosy quartztrace

chalcopyrite magnetite
A few fractures some with chalcrite Others with dark green crystalline

material Fractures bordered by leucolightcolored zones bleached mostly
plagioclase andor
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Intrusive or endoskarn Appears dioritic on cursory examination
with the stereomicroscope

TM04101223109
Specimen represents floatexcavatedcast material from the southern end of the Arctic

Chief east pit A graniticH dioritic rock Texture igneous or recrystaliized
metamorphic or contaminated more leucocratic intrusive magma Intrusive or

endoskarn or

Fractured with bleached border zones greenish veinfilling epidote
Plagioclasetwinnedpyroxenehornblendequartzcalcite

magnetite Trace chalcoyrite A plagioclasepyroxene rock apparently of one sort
or another

Apparent igneous crystallization textures with plagioclase and pyroxene eu

subhedra intergrown Some retrograde chloritelserpentine after pyroxene
Some plagioclase crystals feature cores of greenish crystalline epidote
materials altered anorthiterich cores or

TM04101223110

Specimen represents floatexcavatedcastmaterial from the southern end of the Arctic
Chief east pit

Dioritic rock Plagioclase subeuhedra twinned pyroxene subeuhedra epidote
especially as alteration product in centralcore locations in plagioclase crystals Some

rosyH pinkish quartz here and there
Trace pyrite with a few crystals of apparent cubepyritohedron aspect adjacent to

plagioclase and pyroxene as individual grains some noticeably striated
A few fractures cross the specimen with associated dark greenblack chlorite

materials as fillings
Some interesting textures with apparent igneous character of intergrown plagioclase and

pyroxene rockforming minerals

TM04101223111

Specimen represents floatexcavatedcastmaterial from the southern end of the Arctic
Chief east pit

An altered granitic rock Actually dioritic featuring pyroxene alteringed to

chlorite and plagioclase alteringed to clinozoisitezoisiteepidote Trace

moiybdenite magnetite A few fractures with associated epidote f
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OTHER OBSERVATIONS ON SPECIFIC SPECIMENS S M ALEKSANDROVI

First commentaries for your samples Common look as also in Brooks

Mountain and Tin Creek Seward Peninsula Alaska in Arctic Chief rocks

Emphasis by TCM

inTM04101222a134 and 131 and 102 banded phlogopite
magnetite ores in 126 serpentineforsterite rhythm in magnetite in T M 0 4 6 9
4 2 is forsteritecalcite rhythm etc

These textures have origin on progressive stage of metasomatic exchange of dolomites and
reflected in ores see book SMA 1998 pages 7787 It is nonequilibrium process

In your collection is lendid periclase marbles but in literature are not this

information

In many samples in marbles and forsteritecalcite environment are a bit to

big black crystals of LUDWIGITE see TM04101222b115 23110
23108 etc See Brooks Mountain This fullare not in literature about Whitehorse

copper belt

Underlining in above is original in letter from SMA bold emphasis added by TCM

About typical lime skarn T M 0 4 0 8 0 9 2 of pyroxenegarnet composition What is
its position with magnesian skarns I believe that it has postmagmatic origin from Sibearing
marbles What how much are sulfides in this type skarns Or absent

In forsterite marble T M 0 4 6 9 5 1 is spinet The part of pyroxenes is Albearing
In this situation is formed late phlogopites in rocks and ores

About dykes and its composition In last letter I note about leucocratic hornblende quartz
monzonite dyke It is possible that monzonite from massif will be more basicl If this so well

then you can think that monzonite magma of massif is result of assimilation of host rocks and

primary melt was more close to granitic composition and was superheated Last dykes from

deepest magmatic camera must be leucocratic In book SMA 1998 Fig 13 is

illustrated this and similar with Arctic Chief locality Emphasis by TCM tn
text epidote clinozoisite Plus see green amphibole with plagioclase in quartzmonzonite
dyke T M 0d1 01 22318 1 10thp3oxenes and quarz

TM055251Q

Probably in this specimen is ludwigite in the marble part near contact with forsterite

magnetite ore

Marble with ludwigite as black needles

l will be send you new microprobe analytical data for sample TM055251Q

marble with Ldw and magnetite ore

An excerpt from a letter from SMA to TCM May 11 2006 states All black

needles are pseudomorphoses magnetite after borates
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Other minerals in this specimen
fUlgbearing magnetite 90 FeO and 15MgO
Dolomite 22 MgO 30 CaO
Serpentine 36 MgO 3 FeO 45 SiO2
Phlogopite altered to ciinochiore with MgO SiO2 and AI2O3
Talc MgO SiO2
Are also FeMn species dolomiteankerite

Near monzonite plag and prx transformed into zaisite and calcite and prx into Mg
phlogopite

All periclase in marbles fully transformed to brucite with calcite its form is

pseudomorphic after periclase In these rocks are a few grains of forsterite and clinohumite
In magnetite ores forsterite is transformed into serpentine near calciphyres or into other

silicates into Mgphlogopites after diopside Mgpyroxene is in T M 0 4 1 0 12
22A 1 3 7 and actinolite 2 2B 1 1 7 amphiboles 2 2A 1 0 1

Green amphibole with plagioclase in quartzmonzonite dyke TM23108 110
with pyroxenes

TM04892Z

Vesuvianite idocrasepyroxenic typical barren skarn

TM04101222A101

Actinolite in magnetite ore

TM04101222A113

Brucitepericlase marble with forsterite and clinohumite

Microprobe analysis P682Brucite and periclase some dolomite

TM04101222A121

Phlogopite in magnetite ore

TM04101222A126

Rhythmicallybanded serpentinemagnetite ore

TM04101222A130

Magnetite ore with phlogopite

TM04101222A131

Magnetite ore with phlogopite magnetite is prismatic

TM04101222A132

Magnetite ore with phlogopite magnetite is prismatic

TM04101222A133

Phlogopitemagnetite ore

TM04101222A134

Magnetite ore with phlogopite magnetite is prismatic
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TM04101222A135

Magnetite ore with phlogopite magnetite is prismatic

TM04101222A137

Diopsidic skarn with prismatic magnetite

TM041012228104

Forsteritebearing brucite after periclase marble with calcite serpentine and

phlogopite
Microprobe analysis P672Forsterite serpentine brucite phlogopite

TM04101222B114

Rhythmicallybanded serpentinemagnetite ore Serpentine after forsterite

TM04101222B11 7

Actinolite after diopside in magnetite ore

TM04101222B11 9

Brucitepericlase marble

Microprobe analysis P681Brucite with relicts of periclase and dolomite spinel
hydrotalcite after spinel and magnesite

TM04101222B141

Magnetite ore with serpentine

TM04101223106

Rhythmicallybanded serpentinemagnetite ore Serpentine after forsterite

TM04101223108

Plagioclase rock with amphibole dike

TM04101223109

Clinohumite calciphyre with magnetite

TM04i01223110

Plagioclase rock with hornblende and pyroxene dike

TM04101223111

Skarned zone on contact with dike Content anorthite pyroxenes fassaites and garnet The

typical in contact magnesian skarn plagioclasepaoxeneCmpositin ad secondary ply
transformed in into salitegarnet bearing associations

Microprobe analysis P671Salite plagioclase anorthite garnet grossularite
70 andradite 30 pyroxene

TM04101223B11 5

Brucite after periclase marble with forsterite

TM051013

Rhythmicbanded marble with sulphides

46A

fVI IJH1H REPORT 3 4 4 Pagell71T


