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Fなαn J. Location map, Showing ophiolitic

u看trama範c complexes (black) in the Saint"Daniel

M6lange (stippled). GeoIogy a請er Williams and

St"Julien (1982).

H量STORY

Mining and Sme置ting

The discovery of the Orford nickel deposit is not documented, but it

SeemS likely that it was the result of prospecting for copper. Copper

had been found in the Eastem Tbwnships of Qu6bec as early as 184l,

and by the 1860’s a mayor copper mining industry had developed,

SPurred by the demand for copper created by the American Civil Win

In reporting on the Orford deposit in 1863, T Sterry Hunt noted that
``expIorations were made at this place a year or two since, in the hope

Of obtaining copper, Which was supposed to be indicated by the

brilliant green of the gamet’’(Hunt, 1863b). Hunt was the first to

recognize the presence of the nickel sulfide, millerite at Orford

(Chapman, 1888). A prot6g6 of Professor Be巾anin Silliman at Yale

University, Hunt had been appointed chemist and mineralogist to the

newly established GeoIogical Survey of Canada in 1847, and has been

Called one of the great geochemists and mineralogists of all time

(Boyle, 1971).

The Orford property came to be owned by Robert G. Leckie of

Acton VAle, Qu6bec. A graduate of the Glasgow Ttchnical College in

Scotland, Leckie became interested in mining soon after immigrating

to Canada in 1856. In 1877, While attending a meeting ofthe American

Institute of Mining Engineers in Boston, he met William E. C. Eustis,

a Boston-based mining and metallurgical engineer. On hearing about

the Orford property, Eustis decided to have a look at it. Accompanied

by Robert M. Thompson, his Boston lawyer, he visited ``the mine

holed into the side of a hill” in September 1877 and, apParently

impressed with what he saw, decided to purchase it (Thompson and

Beasley, 1960).

Eustis then invited a Professor Whitby from Yble University to

examine the deposit. “On the way to the mine, the professor was

328

Fお肌e 2. T Sterry Hunt (182(」1892), Chemist

and mineralogist to the GeoIogical Survey of

Canada. Hunt recognized the presence of nickel

in the Orford deposit, and carried out the鯖rst

mineralogical work. GeoIogicaI Survey of

Canada photo (GSC 69324).

77!e Minera/ogica/ RecoI4 vo/Iく朋e 25, Se〆embeI「Oc10ber, 1994



6乙ど

.pe事!uI!rI O3uI JO A§qunOO OIOIId?06I u!

ÅuedⅢO0 le坤!N IBuO!peuJIeluI Ou=O ut!uIJI!叩3

1S岬Ou"uIt肋q uOSdⅢO皿雷ut;duoo Jeddoo

PuB葛exp!N PJIquO叩l JO JIe8t;u。u I剛eue霊
`(OC6I-6ウ8暮) uo§duo皿●M録I@qO櫨.f am甜

●O10叫d seA叩3賀V旬!S○○▲!un

PJI臥Jt;H.eu!uI a叩Padote▲eP PuB 4L8暮u!旬Je

"do賀d Ie坤uu PJIquO a叩PeScu○○nd s!l§nH雷ut!d

"uOO JIeddoo put; Ie坤!N PJqIJIO e叩JO叩eP

"!§○○d put白reeu!8ue書co!8置n葛岡eu Put; 8ulu葛uI

`(ZC6○○6ウ8暮) s!lSnH.0.Ⅱ uIe!tt!Al.ウam卸

ク66 I `J∂qOノブO」∂q‡u∂lあs “∫乙∂肋lO<与り0つ∂種I叩80I。り∂u研∂耽

即u§ PuOOeS e叩岬M dn u!Of ol ue^叩St猟期rP e PutZ `sJeleuI OC

佃1軌Ⅱ亨XOJdde JO tIldep t2 Pe岬2eJ P叩叩ZuS ]S重U e叩`punoJ8〇〇Pun
.(SI6I `s!]Sn甘) e斗O〇叩gM Pelt2Jedo

ⅥOdn3 IIt肌§ tZ S弧PuO〇eS 9叩:pooJ“田orJ Pe'馴9ue8 s鴨叩AA PeJU

e〇euI吋んol剛9que^eJ t; seM euO :eJO印=暮euLIS Ol叩nq eJeM S〇〇eULI叫

OAI¥l.(Z881 `1OuI!ⅢJA) “・〇1e. = eSnO十〇〇P仏Od `eJOIS SnO!POuⅧOO t;

. ‥ SeSnOu I叩ulBISqnS SnO」9umu,, Pe事StZOq uOOS旬edoJd prQJ置O e田

.eu叩prQJJO 9叩JO JOl〇〇〇!P 8u!8即剛u PeuItZu §弧`○○P暮Ou○○叩S

tz eu鵬Oeq OS岬O叩`e叩pe「 |e救’un2u ItZ○○ue8 eu陀〇eq OuM `uosd田O田

Put; `1ueP!§e置d 9uItZ〇eq OuM `s!1SnE[ eJe爪`uoISO8 u! 9〇関O prZeu Sl!

P叩q叩M `Aun,duroo爪eu e叩u! S重ePIOueJ叩§ Ied!〇u早d e田・SIt,J9u!uI

置e叩O Pue J9ddo〇 `91叩dsotId `Ie羽u I暮eS PutZ∴〇〇nl〇憐nutZuI `eu!uI

Ol血eduroo e叩PeZ早O叩能uO叩JO血oqu JO SeI叩urB 9田●000`00C$

JO uO!lセZ!事理de〇 e叩仏O○q9nD JO 9〇u!^○○d叩u! Pe叩Odro〇u!

§t弧血eduoo Jeddoo p鵬Ie斗0亨N prQJ重O e叩`8L8I `6巾JBM uO

’l棺○○Ou叫〇三田

JO eln叩SuI SlleSn葛PesSt?N　9叩　re e〇e田町事]St?Iq IIt皿S t; u! ue叩

Pur; `sl§el elq!ou〇 u亨1SJU `sIIn§eJんo10町S!1es Peu叩]qO P叩e臣.`○○O

叩8u叩○○I JO佃yI!qc叩0馴d etIl叫Oqu S]qnOP e^即急,,書関串JO S叩Ol

ÅI叩uOO l叩Pe岬OdeJ (e6L81) s!lSn甘`8L8I天山enJqe量u!叩dIeP叩岬

u! S暮eeu!8u日8u叩N JO 91n叩SuI ue甲eurV e叩JO 8u!1eeur "V.eJO叩

JO 8u!]I9田§叩Ol uO!1ue耶S叩Peun} S!1Sn甘雁ANePun 8u叩u岬仏
●(ゼ6L8丁`s!1Sn日:8L8I

`s!1Sn甘) sJeleu tyI JO叩dep t? OI叩ZuS Z ’ON e叩Put; `§重eleuLI S’Z=O

叩dep e ol叩nS ueeq P叩Ut;tIS I.ON叩`8L8I克則rqe言付put? `叩ede

§J91eur SS lnOqu Pe調印e○○仏S枇uS OA¥L ’(8L8I `uo]Su叩t;H) eu叩叩

r叩poJM re 9Je仏ueuI O乙`LL8=O Jequre^ON布u ’Je t2uoUu 9u!ur e叩StZ

e!xpe| 8u!u!印J `eu叩e叩do〇〇^eP OI PePee〇OJd s!'§n置`peⅢe}ePun

●(096l `〈○○Sセe糧

Pue uOSduo田) w○○ Pue :.euI JQJ PueS ue叩PurZ `u申t; PunOJ8 etI]

tp昨〇〇§, :uO!S!O㊤P S叩e^B8 AI!]Se事`uopeed§uIんosm〇 e eP剛r寝omo「

e叩Pel○○duo〇 etI `§8u!暮e弾P9ⅢnJ叩gJA.偲8nq §町田OJJ uMO叩

●(C●COウ○○) o10叫d

t;書記utD JO Se▲!u3JIV IeuO!peN脚訊畑nu au!u

eul au電3eq Put! `§!lSnH.0.H皿O1 4JedoJId

t@xp!u PJIquO @叩PIOS∴e!xperI脚eu!8ue 8u!

"u!u `(C事6IてC8I)叩やe「.O apqOH.f am句dr



Which ultimately had a depth of some 45 meters. Ore was stoped out

between the two shafts in order to provide feed for the smelting

fumaces (Eustis, 1915).

丁b run the fumaces, Eustis obtained the services of a Scottish

fumace man, Janes McArthur, Who had been trained by Sir Henry

Bessemer. Smelting the ore proved to be much more di飾cult than

Eustis’s tests had indicated. The story is told that ``all that came out [of

the fumace] was a pasty mass of slag, but no metal’’and that

``disgusted over the results, McArthur quit” (Thompson and Beasley,

1960).

Nevertheless, aS atteSted to by the many tonnes of slag still to be

found at the mine site, e徹)rtS tO Smelt the ore continued. Tbchnical

advice was provided by Henry M. Howe, Who was later to become

PrOfessor of metallungy at Columbia University, and one of the most

eminent American metallurgists of his time. Some success in smelting

the nickel ore was achieved by adding pyritic copper ore as a皿ux

(Howe, 1 878). However, the resulting matte contained far more copper

than nickel, and the lange皿ux addition required was uneconomic.

In his Philadelphia paper, Eustis (1879a) had reported: `As to the

Per Cent Of nickel which [the] ore ca正es, and which will detemine its

money value, it is not easy at present [in February 1878] to speak with

any certainty … [but] at the bottom of No. 1 shaft, Pieces of ore taken

to be average ones. ‥ Show between three and four per cent nickel.’’

This was optimistic. Hunt (1863b) had found that nickel was ``spar-

ingly disseminated,, in the ore and ``masses submitted to analysis did

not yield more than one per cent of nickel,” while the ore smelted in

the test at the Massachusetts Institute of i記chnoIogy had contained

“not over one half of one per cent of nickel’’(Eustis, 1879a). In the

end, ``the ore was found on the average low grade, and the gangue too

refractory to make operations remunerative’’(Leckie, 1900). After

having invested a considerable sum of money, Eustis decided to

SuSPend operations. Mining at Orford ceased in the spring of 1879.

When Charles W Willimot of the GeoIogical Survey of Canada

Visited the mine in August 1882, it was deserted except for a caretaker

(Willimot, 1 882). Wi11imot noted rather sardonically that ``the general

aspect on approaching the mine conveys some idea of the misdirected

enterprise of the proprietors:’

In the interim, Eustis and Thompson had leased a copper mine near

Capelton, SOme 22 km to the southeast of the Orford nickel mine・ This

new venture, the Crown mine of the Orford Nickel and Copper

Company, prOVed to be successful. In 1881 a smelter (later called the

Orford Woks) was built at Constわle Hook (now Bayonne), New

Jersey, tO treat the pyritic copper ore from the Crown mine. Su皿ric

acid was produced as a by-PrOduct and, in 1883, the Orford Nickel and

Copper Company was renaned the Orford Copper and Sulphur

Company. Four years later’in 1887’Eustis and Thompson ended their

PartnerShip, and the company was dissoIved. Eustis retained the

Crown mine in Quebec and fomed a new company called Eustis

Mining Company. Thompson took over the Orford Works, Which he

OPerated under the new nane, the Orford Copper Company.

A year earlier, in 1886, the Canadian Copper Company had shipped

SOme COPPer Ore tO the Orford Works from its major new discovery at

Sudbury, Ontario. It was then discovered that the Sudbury ore also

COntained nickel. This eventually led to the development, at Constable

Hook, Of the Orford process for separating copper from nickel, and a

COntraCt for the Orford Wbrks to refine the copper-nickel matte

PrOduction of the Canadian Copper Company. In 1902, the Orford

Copper Company menged with the Canadian Copper Company to

fom the Intemational Nickel Company, With Thompson as the first

Chaiman. Known today as Inco Limited, it is the Westem world’s

largest producer of nickel. It can trace its beginnings to an unsuccess-

ful nickel mine in Orford Tbwnship, Qu6bec.

In a final chapter, SOme geOPhysical and diamond drill expIoration

WaS Carried out on the Orford nickel property in the 1950’s and 1960’s.

Nothing of economic significance was found.
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Mineral Collecting

Although sho巾Iived as a mlnlng Venture, the Orford nickel mine

has a long history as a mineral locality. In 1862, eVen before mlnlng

began, a SPeCimen of millerite was exhibited at血e London Intema-

tional Exhibition as part of a co11ection of Canadian economic

minerals gathered by血e GeoIogical Survey of Canada. The catalog

accompanying the collection noted that the millerite was associated

With ``emerald-green. ‥ Chrome ganet [grossular]” (GeoIogical

Survey of Canada, 1862). The green grossular attracted the attention

of mineral collectors and museum curators. The earliest known

SPeCimens are in the Natural History Museum, London, and were

PreSented by T. Sterry Hunt in 1862. Another specimen donated by

Hunt in 1866 is in the Peabody Museum of Natural History collection

at Yale University. AIso in the Brush collection at Vhle is a specimen of

grossular which was presented by General Adams in 1 867. Adans was

at that time operating血e copper mine at Capelton, Qu6bec, Which was

later leased by Eustis and his partners in the Orford Nickel and Copper

Company.

In 1878, after mining had begun, mineral specimens from the

Orford nickel mine were exhibited at the Universal Exposition in Paris

(Ha正ngton, 1878). That same year, Eustis showed samples of milleト

ite and grossular when he presented his paper on the mine to the

American Institute of Mining Engineers in Philadelphia (Eustis,

1 879a). This brought Eustis requests for specimens, and he obliged. In

a letter to an A. Meany in Swansea, Wales, Eustis (1879b) wrote: ``I

have sent you today. ‥ a box ofnickel specimens ‥. I regret that I

had none of our most interesting specimens in this o能ce [in Boston].

The ore is regarded as such a curiosity by our mineralogists here that

I camot keep the specimens.’’One such specimen of grossular,

donated by Eustis, is in the Peabody Museum collection at Yale.血

Canada, Leckie was also providing specimens from the mine; tWO are

PreServed in the Redpath Museum at McGill University.
When Charles Willimot of the GeoIogical Survey of Canada visited

the Orford nickel mine in 1882 it was in the capacity of museum

assistant. He was responsible for collecting rocks and minerals, and

for preparing collections for the GeoIogical Museum,血e forerumer

Of the present Canadian Museum of Nature. A suite of specimens

COllected by Willimot at the Orford nickel mine and exhibited in the

GeoIogical Museum (Ho徹nann, 1893) is now preserved in the

Systematic Reference Series of the National Mineral Collection at血e

GeoIogical Survey of Canada, Ottawa. One of the specimens co11ected

by Willimot in 1882 is also in the Harvard Mineralogical Museum

COllection.

In 1890, R. W Ells of the GeoIogical Survey of Canada reported

that “for the cabinet, magnificent specimens of chrome gamet [grossu-

lar], PyrOXene [diopside] and calcite are here obtained, Of which large

quantities have been removed by collectors both from Canada and the

United States” (Ells, 1890). Specimens from the mine had found血eir

Way into many important private collections in the United States,

including those of Clarence S. Bement (1843-1923), nOW at the

American Museum of Natural History;凡でderick A. Ca碕eld (1 849一

坤重職9. An early Orford micromount pre-

Pared by J. B. Brinton, Philadelphia. P Tむassoff

COllection and photo.
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坤叫re 8. Orford nickel mine specimen labels.

Tbp: Harvard Mineralogical Museum collec"

tion〇十he rammelsbergi`e was later shown to

be maucherite. Center: Miller Museum collec"

tion, Queen,§ University-label of I9th century

Ottawa dea看eI; C. R Wil看imott. Bottom: Royal

Ontario Museum co看lection, eX一’I+echmann col"

lection, the Natural History Museum, London.

R Tbrasso鯖photos.

Some珊y years later, Dresser and Denis (1949) remarked that “the

dump at the Orford nickel mine has Iong been a place of interest for

mineralogists on account of the excellent specimens of the relatively

rare mineral millerite, and also of uvarovite [grossular] and diopside,

that may be collected there.,, Tbday, mOre than a century after mining

CeaSed, the locality continues to be an active mineral collecting site,

Still producing specimens which are often superior to those in old

CO11ections.

GEOLOGY

Regional GeoIogy

The Orford nickel deposit is associated with the same belt of

northeasterly trending serpentinized ultramafic rocks which hosts the

Ruberoid asbestos mine at Eden Mills, Vemont; the Je鮒℃y mine at

Asbestos, Qu6bec (Grice and Willians, 1979); and the asbestos mines

at Black Lake and Thetford Mines, Qu6bec. The belt also hosts many

chromite and base-metal sulfide deposits which have been mined at

various times.

The ultramafic rocks are part of the SainトDaniel M6lange, One Of

three lithoIogic units which make up the Dunnage terrane in the

SOuthem Qu6bec Appalachians (Hemblay and St-Julien, 1990;

Cousineau and SトJulien, 1 992). The Baie Vche-Brompton Line which

foms the westem boundary of SainトDaniel M6lange marks the suture
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between rocks of North American continental a鯖nity, and rocks of

OCeanic a鯖nity which belong to the Dumage terrane. The Saint-

Daniel M6lange is an ophiolitic complex consisting of blocks and

slices of sandstones, mafic and felsic voIcanic rocks, granitoids and

mafic to ultramafic rocks which are encIosed in a pebbly mudstone

matrix; the ultramafic rocks consist of serpentinized harzbungite,

dunite and peridotite (Slivitzky and St-Julien, 1987). All the rooks

have been subjected to defomation and metamorphism. The Saint-

Daniel M6lange is interpreted to represent vestiges of an oceanic

domain of Cambrian age which was accreted at a subduction zone

during the cIosure of the Iapetus (Proto-Atlantic) ocean during the

Taconic Orogeny in Middle Ordovician time.

Tbctonic defomation during the Acadian Orogeny in Devonian

time resulted in maior regional folding and faulting (Themblay and St-

Julien, 1990). Folding is complex due to supe町osition on earlier fold

SyStemS. The folds have steeply dipping limbs and steeply plunging

axes (St-Julien, 1967).

Local GeoIogy

The rocks in the area of the Orford nickel deposit consist of a

COmPlex assemblage of metasediments and metavoIcanics which

COntain slices of serpentinized harzburgite, here referred to as

SerPentinite (Fortier, 1945; SトJulien, 1961 ; Slivitzky and SトJulien,

1987). This assemblage within the SainトDaniel M6lange has been

referred to as the Lac Montjoie seIPentinite m61ange (WIllians and Sト

Julien, 1982). The se町entinite bodies are generally concordant with

the beds of metasediments and metavoIcanics which fom part of a

major drng fold that plunges about 50O to the northeast. The serpentinites

COntain veinlets of chrysotile asbestos and banded disseminations,

massive lenses, Veins, and pods of chromite (Fortier, 1945; Fonier,

1946).

The Orford Nickel Deposit

The Orford nickel deposit is located at the fault contact betwe6n a

Slice of serpentinite and black slates or phy11ites of the pebbly

mudstone matrix of the SainトDaniel M6lange (Gauthier, 1985)・

Unfortunately, Very little infomation about the geoIogy of the deposit

WaS reCOrded when it was being mined. The undenground working§

have long been inaccessible, but remnants of the deposit can be

Observed in the footwall serpentinite which foms a prominent escarp-

ment.

Logan (1863) reported that ``associated with the serpentine is a pale

greenish pyroxene rock. ‥ large masses of calcareous spar [calcite],

PrObably創Iing a vein, are here met with.,, In most of the subsequent

lit料ature the deposit has been described as a calcite vein. Recent

Studies suggest that the deposit was fomed by metasomatic replace-

ment, and that the “vein’’expIoited by the Orford nickel mine was

PrObably a large lense of calcite within a skam-1ike calc-Silicate zone.

Eustis ( 1 879a) noted that ``on surface other smaller veins and branches

Of spar [calcite] and gamet [grossular] are visible.’’The calc-Silicate

ZOne Strikes north and dips about 70O to the west. It has a strike length

Of over 55 meters, and extends down-dip at least 45 meters. Its full

width is unknown, but the ``vein’’itself was 3 meters wide (Eustis,

1879a).

The footwall selPentinite unit has been progressively caIbonatized,

grading from an essentia11y unaltered serpentinized harzbungite some

120 meters from the footwall, tO tremOlite and talc〇億emolite ma巾le

On the footwall; Ca血onatization of the seIPentinite is maked by a

Shap increase in CaO and a decrease in MgO towards the footwa11

(Gauthier, 1986b; Thottier, 1985). Irregular patches of calcite in the

SerPentinite sometimes encIose relict massive chromite and serpentine

(Fortier, 1946). In common with other sexpentinites in the Saint-

Daniel M6lange (Nickel, 1959), this sexpentinite contains about O.2%

nickel (Gauthier, 1 986b; Trottier, 1985); the concentration of nickel i§

essentially constant across the carbonatized zone.
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坤sαルJI・患botwall a=he si`e of the no・ 2 (south) shaft in 1992. A. Thrassoff photo.

along deep-Seated suture zones during the late stages of their tectonic

emplacement and serpentinization (Buisson and Leblanc, 1985). The

end-PrOduct of this metasomatism is listwaenite, a Carbonate-rich

rock. As the hydrothemal system evoIves, the listwaenite itself may

undergo replacement. Several sulfide replacement deposits of this

nature have been recognized in the Dunnage terrane of the Qu6bec

Appalachians (Gauthier et al., 1989).

A tentative model is herein proposed for the genesis of the Orford

nickel deposit. Following carbonatization of the serpentinite by CO2-

Ca metasomatism and the fomation of listwaenite along the fault

COntaCt・ COntinued hydrothemal activity, PrObably coeval with re-

gional metamoIPhism, reSulted in the replacement of the listwaenite

by diopside and grossular. Chromite in the listwaenite, PrObably

derived from the protolith serpentinite, PrOVided nucleation sites for

SOme Of the grossular. Chromium mobilized by the par[ial dissolution

Of chromite was taken up by the grossular. Nickel, already present in

the listwaenite and probably derived from the protolith seIPentinite,

WaS also mobilized, and with the addition of su皿r, arSenic and

POSSibly more nickel, WaS rePreCipitated as millerite and maucherite.

The finengrained diopside-grOSSular assemblage was subsequently

brecciated by fault movement. Hydrothemal solutions then irIVaded

the fractured zone, depositing diopside, grOSSula]=and calcite in

OPenlngS.

MINERALOGY

The minerals occu正ng at the Orford nickel mine are listed in Tbble

l. Species marked with an asterisk were identified in the course of the

PreSent Study and have not been previously reported from this Iocality.

Mineral identifications were made by a combination of X-ray POWder

di冊action, and semiquantitative (EDS) and quantitative (WDS) elec-

tron microprobe analyses.
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Tめ加J. Minerals of the Orford nickel mine.

S α弼くね$

A rsenopyri te *

Godlevskite*

Maucherite

Millerite

Pentl andite *

0嶋丸め$

C hrom ite

Magnetite*

αタもonaies

Calcite

DoIom ite

Phoやha続けand

A舶enaie京

Annabengite*

Apatite group*

Silわaie$

Albite*

Allanite-(Ce)*

A ndradite *

Clinochlore*

Diopside

Epidote

Grossular

Microcline*

Pecoraite *

Prehnite*

Tremolite

*Species whose occurrence at the Orferd nickel mine is reported

here for the first time.

The fo11owing mineral descriptions are based on an examination of

SPeCimens in private and institutional collections, and on the published

l iterature.

Albite NaAISi3O8

Albite occurs as coIorless crystals to l mm, aSSOCiated with

microcrystals of green grossular on a distinctive matrix composed of

jackstraw aggregates of yellow-green, Striated, Prismatic microcrys(als

The鮪nem/ogica/ Record, VO/“me 25, Sqp′embe′」Oc′ober, /994
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月日がIt? J4. Calcite showing a set of (0112) twin

Striations on a parting surface developed along

a second set of (O112) twin plane§. The parting

Surface is corrugated due to displacement along

the鯖rst set of twin p看anes. W A. Henderson

COllection and photo.

C alcite C aCO 3

Coarsely cleavable massive calcite is very common in the mine

dumps. Individual cleavage rhombohedrons measure up to 12 cm

across. These cleavage fragments exhibit several interesting and

uncommon features・ They÷re POlysynthetically twimed with the

negative rhombohedron (01 12) as the twin plane (Palache and Wbod,

1904). This pres些re-induced twiming is evidenced by parallel stria-

tiorE On the ( 1011 ) cleavage surfaces. All three equivalent sets of

(01 12 ) twins may be observed in a single cleavage fragment, With two

SetS muCh more strongly developed than the third. Slip has occurred

along the two sets, in what was apparently a second episode of plastic

defomation; this causes displacement of the twin lamellae, and o挿sets

Where the twin striations cross. Parting is easily produced along the

Weakened twin plaIPS, reSulting in ( 101 1 ) cleavage rhombs bevelled

by one or two (0112) parting surfaces. The parting surfaces have

PrOnOunCed parallel ridging and a dull luster. A further interesting

feature of the calcite cleavage血ombs is that their surfaces are

frequently twisted.

Crystals of calcite are uncommon. Small crystals, uP tO 3 mm in

Size, OCCur With grossular and diopside in the cavities in massive

diopside. Larger crystals, uP to 5 cm across, have been found in what

appear to be solution cavities in massive calcite. The calcite crystals

display scalenohedral,血ombohedral, and short prismatic habits, and

tend to be rounded and etched. Several stages of deposition, eaCh

represented by a di餓3rent CryStal habit, may be observed on a single

SPeCimen.

The calcite is coIorless to white, and transparent to opaque. It does

not fluoresce in ultraviolet light.

Chromite Fe2+cr2O4

Chromite is relatively common in the Orford deposit. It occurs as

inclusions in grossular crystals, aS grains disseminated in granular

grossular and diopside, and as small masses. Fdrtier (1946) reported

finding chromite masses up to 30 cm across. Very rarely, Chromite

OCCurS aS rOugh octahedral crystals to O.7 mm. Both the massive

Chromite and the crystals are usually encrusted by grossular.

Microprobe analyses by Dunn (1978) of chromite inclusions in

grossular have shown that their composition varies from (Fe#5,Mg。.4。-

Mn。.。2)(Cr,.5,Al。.3,Fe霊。)O. to (Fe需3Mg。..。Mn。,。2)(Cr,.,2Al。.23-

Fe㌫)O.. The magnesium content of O.40 to O.43 atoms per unit

fomula indicates a composition almost midway between chromite

and magnesiochromite・

The chromite is black with a submetallic to metallic luster. Under

the microscope it shows brownish red intemal reflections.

336

Clinochlore　(Mg,Fe2+).Al(Si.Al)O,。(OH)8

This member of the chlorite group occurs as emerald-green foliated

aggregates and thin tabular pseudohexagonal crystals to I cm embed-

ded in calcite in pale yellowish green, fine-grained massive grossular

and diopside. Godlevskite, mauCherite, millerite and pentlandite occur

in the same association.

Fお肌e J5. Idealized drawing of diopside micro-

CryStal from a calcite"胤Ied cavity. SHAPE draw"

ing by L. Horvath.

Diopside CaMgSi2O6

Although an 1863 analysis indicated that the pyroxene from the

Orford nickel deposit was diopside (Hunt, 1863a), the group nane

PyrOXene COntinued to be used in the literature and on mineral

CO11ection labels until well into this century.

Much of the diopside is present as fine-grained masses and

intergrown, Subhedral prismatic to bladed crystals. Both types are

Often found in cIose association. Lange masses of very coarsely

CryStallized subhedral crystals can be observed Jn si飯in the footwall

Of the deposit. Columnar groups of subhedral prismatic crystals are

also common in the mine dumps; grOuPS uP tO 32 cm in length have

been found. EIongated interstices between the crystals in the columnar

剛=

Fなαn J6. Bladed diopside crystal tabular on

(100) and twimed on (100). SHAPE drawing

by R. P Richards.
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Fな肋e J7. Diopside, tWO diverging bladed crysta獲s

13.8 cm tall, COl看ected in 1968. Harvard Mineralogical

Museum specimen l19207. (Shown actual size.)

FなαタでI9.

Diopside crystal,

2 mm tal看.

L. Horv各th

SPeCimen and

photo.

338

Fお肌e J8. Diopside,

COlumnar group of

Pri§matic crystal§ 11 cm

tall. M. H6bert col書ection.

G. Robinson photo.

F瞳α膨20. (Beめの

Diopside crystal croup,

6.5 cm tall. R Thras§0鯖

COllection. G. Robinson

photo.
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impregnated with calcite. The sharpest crystals are found in small

Calcite-filled cavities.

The godlevskite佃entlandite crystals are equant and complex, With

numerous stepped faces・ SOme With distinctive triangular growth

features. The crystals are bright, metallic, and bronze-ye11ow in coIor

An electron microprobe analysis of the godlevskite gave Fe 3.71 , Ni

64.01’Co O・51, S 31.97, tOta1 100・21 weight %.

Gro§Su看ar Ca3Al2(SiO.)3

For many years the green ganet from the Orford nickel mine has

been inconectly ca11ed ``uvarovite.,, In the earliest references it was

referred to simply as ``chrome gamet’’(Hunt, 1863a; Willimot, 1882)

based on Hunt,s analysis which showed Al>Cr. However’Citing

Hunt’s analysis, Palache and Wbod ( 1 904) called the gamet “ouvarovite,

but with a very small proportion of chromium.,, The name ・・uvarovite・・

has been widely applied to Orford material in the literature (Fortier,

1946; Dresser and Denis・ 1949; Sinkankas, 1964; Gregory, 1967;

Thaill・ 1983) and on mineral collection labels. The conect identity of

the green ganet was demons億ated by Dunn in 1978. Dum・s micro-

PrObe analyses of 14 specimens showed the gamet to be a chromian

grossular with a compositional range from (Ca5.8,Mn。.。,)一

(Al3..4Crb.,Fe詰)Si6.。。O24 to (Ca5.8,Mn。, , , )(Al2.54Crl.25Fe㌫ )Si。.。。O24.

The chromian grossular occurs as shalP CryStals to 2 mm in druses

On COarSely crystallized diopside, in druses lining cavities in fine-

grained diopside, and as ``floaters,, embedded in calcite. Less com_

monly, grOSSular crystals encrust massive chromite. Grossular is also

found disseminated in・ and intengrown wi血fine-grained diopside, aS

fine-grained masses, and as granular intengrow血s with calcite. The

individual grains of grossular tend to retain a subhedral to euhedral

CryStal fom.

The m句ority of血e crystals are simple血ombic dodecahedrons

( 1 10). On some crystals血e dodecahedrons are modified by narrow

faces of the (211 )億apezohedron, SOmetimes in combination with

Small faces of the cube ( 100), Or a tem血exahedron. This latter fom

has not been measured. Palache狐d Wbod (1904) also observed the

hexoctahedrons (358) and (459) as very narrow modifying faces; this

WaS血e first t血e that these foms had been reported for the gamet

group. Most of the crystals have very smoo血and lus億OuS faces.

The coIor of the crystals genera11y ranges through various shades of

ye11ow-green tO emerald-green; SOme apPear almost black due to

included chromite. Less cormonly・ the color is pale to daIk yellow.

The crystals are mostly tran§Parent. Some crystals are coIor-ZOned,

With a green core and a ye11ow outer zone, Or an OPaque White to pale

yellowish green core and a transparent emerald専een Outer ZOne.

Massive grossular is generally pale green to pale yellow-green, and

translucent to opaque.

Rarely, the ``hessonite’’variety of grossular is found as druses of

brownish orange crystals to 3 rm on fine専ained diopside and green

grossular. Some of血is material may be the sane as血e ・・cimanon-

COIored gamets,, refened to above in血e description of diopside.

Magnetite Fe2+Fe2+0.

Magnetite has been found as aggregates and disseminations of

Subhedral to euhedral crystals to 2 mm along the selvedges of sma11

masses of calcite in finengrained diopside. It is associated wi血

Clinochlore and pale green grossula]=rhe sma11est crystals are skeletal,

While larger crystals generally have rounded faces and exhibit oscilla-

tory growth. The dominant crystal fom is the dodecahedron modified

by small octahedral and’OCCaSionally’Cubic faces. Magnetite also

OCCurS aS eXtremely small, Shap octahedrons in the tremolite marble

in the footwall of the deposit.

Magnetite is far less common at Orferd血an c血omite, from which

it can be readily distinguished by its sttong magnetism.
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月睦附e 25・ Maucherite crystals: (top) l.O mm

across, S・ Cares coilection; (bottom) 0.4 mm

across・ W A. Henderson collection. Drawing by

G. Glenn.

Maucherite NillAs8

A metallic mineral provisionally identified as “ranmelsbergite,・ by

Palache and Wbod (1904) was subsequently shown to be maucherite

(Peacock, 1940). Had a paucity of material hot prevented Palache and

Wbod from carrying out a definitive chemical analysis, the Orford

nickel mine might have become the type locality for the mineral we

now know as maucherite, Which was not fomally described unti1 1 91 3

(Gm血ing, 19 13). Dum (1 978) found that Orford maucherite is almost

Pure NillAs8, With no iron substitution for nickel.

The maucherite occurs as single crystals and crystal clusters to l

mm associated wi血green grossular’diopside and millerite in calcite;

血e crystals are revealed by etching血e encIosing calcite. The domi-

nant crystal foms are the tetragonal dipyranid ( 101 ) and the basal

Pinacoid (001) (Palache and Wbod, 1904; Peacock, 1940). The
dipyramid (102) is observed as narrow faces. Palache and Wb。d

(1904) also reported the dipyranids ( 104), ( 108) and (304) and the

Prism (110), but血ere is some uncertainty about the goniometric

measurements (Peacock, 1 940). The maucherite cIγStals are heavily

Striated pexpendicular to血e c axis due to oscillatory grow瓜between
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Fなαre 28・ Grossu看aI; druse of l mm crystals.

L. Horvath collection and photo.

Fなαn 30. Grossular in typica看associa`ion with

diopside; length of largest diopside crystal1 7

mm. R Tbrasso∬ collection. L. Horvath photo.

The best clue to finding millerite crystals in the mine dumps is their

association with green grossular embedded in calcite. Examination of

froshly broken su重faces of the calcite wi11 often reveal millerite if it is

PreSent. The best microcrystal specimens are obtained by etching the

Calcite in acid. Millerite has not been observed in direct association

With coarsely crystallized diopside.

Pecoraite Ni3Si2O5(OH).

Pecoraite, a nickel-bearing member of the kaolinite-SerPentine

group, OCCurS at Orford as grains, COatings, Partial replacements and
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Fな復職29. Andradite, drusy crystals,鯖eld of

View 6 mm. R l暢ra§SO備collection. L. Horv各th

photo.

PSeudomorphs after millerite crystals. Langer grains, tO 2 mm, are

CryPtOCryStalline. The partial replacements and pseudomorphs have a

lamellar to splintery, SOmeWhat fibrous structure. The coIor ranges

from greenish yellow to yellow-green, With a waxy luster.

A quantitative microprobe analysis of a cryptocrystalline grain

Showed partial substitution of Ni by Mg, Fe, Co, Na, Mn and Ca, in

descending order of atomic percentage. In total, aPProXimately one in

three of the Ni sites in the chemical fomula is replaced by these

elements. The mineral gives a very diflhse X-ray POWder pattem

Similar to that reported for pecoraite in the Powder Di紺action File

(22-754).

Pentlandite　(Fe,Ni)9S8

As noted above, Pentlandite occurs intimately intergrown with

godlevskite. Maucherite was also observed as an intergrowth in one

SamPle. The composite godlevskite佃entlandite crystals have shaxp

extemal faces. Although impossible to diiferentiate visually, the

godlevskite and pentlandite are easily distinguishable through scan-

nlng electron microscopy using the backscatter image detector. No

epitaxial relationship between the two species has been noted. A

microprobe analysis of the pentlandite gave Fe 20.02, Ni 43.35, Co

4.84, S 31.65, tOta1 99.86 weight %.

Pentlandite also occurs as anhedral, equant grains to O・5 mm,

associated with tiny chromite grains embedded in massive tremolite.

Prehnite Ca2Al2S i3O l。(OH)2

Prehnite has been found as renifom masses with a platy structure,

as seml-Parallel aggregates of subhedral blocky crystals to l.5 cm on

a matrix of platy prehnite, and as corroded, longitudinally striated,

bladed crystals to 5 mm in length. The blocky crystals are etched and

have a pale yellow-brown coIor. The bladed crystals are coIorless. The

Platy masses have a yellowish white to pale tan color and a vitreous

luster on fresh surfaces. The prehnite is associated with green grossu-

1ar and diopside.

Prehnite crystals can easily be mistcken for etched calcite crystals,

While the platy masses superficially resemble diopside. Prehnite has

PrObably been previously overlooked for this reason.

Pyrite FeS2

A cautionary note is in order regarding the pyrite which is found in

the vicinity of a foundation between the two mine shafts. This pyrite

WaS uSed as a flux in smelting the ore and does not come from the

Orford nickel mine.
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Should be obtained from the owner, Whose residence is on the

PrOPerty.
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