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Process Controls on Formation of Nickel Sulfides
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Extensional spaces in transform fault systems act as “magma highways” from mantle
to surface and control many small differentiated intrusions with nickel sulfide deposits
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Key Points To Take Away

Widespread importance of strike-slip structures on emplacement of small
differentiated intrusions with transported sulphide:

» Vertical champagne glass-shaped chonoliths (e.g. Huangshan,
Huangshandong, Jingbulake, Limahe, Hong Qi Ling...)

» Accumulations within sub-horizontal chonoliths (e.g. Noril’sk-
Talnakh, Karatungk, Nkomati, Babel-Nebo...)

A common model for nickel sulfide formation in the roots of large igneous
provinces in craton-margin structures

Case studies of Chinese deposits, Norli'sk and Voisey’s Bay

Chamber geometry, ore distribution, and transport of magmatic sulfide
controlled by dilational space created in a right-lateral fault zone



Distribution and scale of Ni sulfide deposits in
China
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Distribution of nickel deposits in Western
China
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Restraining bends and pull-apart basins along the
Gobi-Tien Shan fault system in Eastern Xinjiang, China
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Geology of the Huangshandong Intrusion and
the location of Cu-Ni Sulfide mineralization
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Xinjiang: Hami Belt — shaft on Huangshandong

Photograph: Peter Lightfoot, 2001



Xinjiang: Hami Belt — exploration under
Chairman Mao’s 5 Year Plans

Photograph: Peter Lightfoot, 2001
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Geology of the Huangshan Intrusion and the
location of Cu-Ni Sulfide mineralization
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Jingbulake Intrusions, Xinjiang Province
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Karatungk #1,2 and 3 Intrusions, Xinjiang
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Karatungk #1,2 and 3 Intrusions, Xinjiang
Province, China: West-facing long section
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Location Map of the Jinchuan Intrusion, Proterozoic

Longshushan Belt, Gansu Province, China
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Geological Map and Sections of the Jinchuan
Intrusion
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Mine area #2 — no trace of sulfide or country
rock xenoliths inside the intrusion at surface

Photograph: Peter Lightfoot, 2000



Sequential Emplacement of Sulfide-bearing silicate melts
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Honggiling — Geology, Structure and Mineral
Occurrences
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Honggqiling: Jilin Province
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Intrusions controlled by structures beneath the
~260 Ma Emeishan Flood Basalt, SW China
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Geology of the Limahe and Qingquanshan Cu-
Ni Sulfide Deposits (Sichuan Province)
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Noril’'sk

Panoramic view from Bear’s Brook towards north
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Distribution of Siberian Trap Basalts
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Stratigraphy of the Noril’sk Region
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Morphology of the Talnakh and Kharaelakh
chonoliths

W Oktyabrysk Taimyrsk Gluboky Skalisty
d Mine Mine Mine Mine

KHARAELAKH
INTRUSION

p . e q
m
//TALNAKH (m)
| INTRUSION
/NE BRANCH —0
E
TALNAKH A
INTRUSION f
SW BRANCH — 500
m
Kharaelakh Intrusion
— 1000
- Siberian Trap basalt Talnakh
|:| Permian sedimentary rocks a na.
I:l Devonian sedimentary rocks Intrusion
(including evaporites and shales) Noril’sk-Kharaelakh
- Kharaelakh and Talnakh Fault

Intrusions and their apophyses

- Massive sulphide

- Low Talnakh Intrusion
— — =~ Faults




Skalisty and Gluboky Mines, Talnakh and
Kharaelakh Intrusion: North-facing Section
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Morphology of the Low Talnakh chonolith
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Morphology of the Kharaelakh chonolith
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Geology of the Voisey’s Bay Deposit
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Geology of the Voisey’s Bay Deposit
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Voisey’s Bay: Drill rig on Eastern Deeps, 1997
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Geological relationships in the Ovoid
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Geology of the Reid Brook Zone

~

BOUERNCE

Massive sulfide

Leopard troctolite

Variable troctolite with heavy
disseminated sulfide

Troctolite

Ferrogabbro

Churchill paragneiss
Felsic Enderbite

Mafic Enderbite

Faults

Plunge of mineral zone

N

From Lightfoot & Evans Lamswood (2012)

-

"720° to 50

\

Line of section

I
53700 E

200 m 4

-7 of mineral zone

45° plunge

-
-
-
-
-

RN

Evidence for syn-magmatic
dextral transtension

Displaced contacts
Magnetic fabric

Morphology of intrusion
Shear zones with granite
Fabric of gneiss rotated into
north wall of Eastern Deeps




Reid Brook Zone: 53700E Section — Looking
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Leapfrog model showing Ni grade distribution in the
Reid Brook Zone projected onto W-E long section

Discovery Hill zone
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Kinematics: Summary for Voisey’s Bay
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A Model for Voisey’s Bay: Compressed into a
single N-S section
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Summary

Magmatic Ni-Cu-(PGE) sulphide ore bodies: often not the product of
simple in-situ gravity settling within a magma chamber.

Sulphide-laden magma ascended through a sub-vertical conduit
system in a structural zone from a parental source/chamber at depth.

Common theme now recognised in a spectrum of Ni sulphide ore
deposits that underpin process models for their formation

— Funnel-shaped intrusions
— Chonoliths
— Dykes
Conduit morphology is controlled through the intersection of regional

structures that create space, and are localized by dilations and traps
created by transtension in strike-slip fault zones:



Global Examples of magma conduits (red — this
talk):

«  FUNNEL MORPHOLOGY: Jinchuan, Hong Qi Ling #1, Jingbulake,
Huangshan, Huangshandong, Limahe, Qingquanshan, Lengshuiging, Zhubu,
Ban Phuc, Ovoid, Discovery Hill, Eastern Deeps, Eagle, Double Eagle,
Aguablanca, Maksut, Santa Rita, Suwar, Savanah, South Raglan

 PIPE (CHONOLITH) MORPHOLOGY: Baimazhai, Tongdongzi, Talnakh,
Kharaelakh, Noril’sk I, Karatungk, Noril’sk II, Chernagorsk, Maslovskoe,
Tamarack, Current Lake, Babel-Nebo, Nkomati, Limoeiro, Chibasong,
Wellgreen, Voronezh, Zhouan, Xiarihamu

« DYKE MORPHOLOGY: Reid Brook, NED, Worthington (Sudbury), Copper Cliff
(Sudbury), Hong Qi Ling #7, Tong Dong Zi

Controls on emplacement and morphology of komatiites (Yilgarn, Thompson,
Pechenga, and Raglan) may also share primary structural controls.
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