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INTRODUCTION

Examination of the Anzac magnesite deposit is part of an
ongoing study of sediment-hosted magnesite deposits in
British Columbia. Other work is documented by Hancock
and Simand! (1992). Simand! and Hancock (1991, 1992)
and Simandl et ¢l. (19922). Magnesite is used in the produc-
tion of refractory materials, magnesium chemicals and mag-
nesium metal, and has significant potential in environmental
applications (Simandl et al., 1992b). Ministry work
included mapping of lithologic sections across known
magnesite-bearing units together with geochemical sam-
pling, x-ray and petrographic analysis. This paper is a sum-
mary of field observations and preliminary laboratory
results from work on the Anzac magnesite showings.

LOCATION

The Anzac magnesite deposit is on the western slopes of
Mount Emmet, 122 kilometres north-northeast of Prince
George and 43 kilometres due east of McLeod Lake (Figure
3-2-1), in the Misinchinka Ranges of the Rocky Mountains,

ANZAC
DEPOSIT

Figure 3-2-1. Location of the Anzac deposit
and major regional structures,
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There is no road access to the site; the property car be
reached by secondary roads from Highway ¢ 7 which pass;
through the Anzac siding of the B. C. Electri- Railway and
flying the last 22 kilometres, or by air directly from Pr nce
George.

HISTORY

The magnesite occurrences were first repo ted by Muller
and Tipper (1969) of the Geological Survey of Canede.
They were staked and reconnaissance maped by Mine-
Quest Exploration Associates i.td. for Norsk Hydro in | 786,
Additional mapping, sampling and drilling of three hole:s fcr
a total of 287 metres were completed in [€ 89, Core was
stored on site but the boxes have since leen upsc by
animals. The work identified six large showir gs: from rorth
10 south, Hela, Odin, Emmet, Knob, Knoll ani Fria. Fwther
mapping and sampling by MineQuest Explc ration Assoc -
ates Lid. and section mapping with san pling by the
Geological Survey Branch were done in 19¢ 1.

REGIONAL GEOLOGY

The region is transected by a major structural kreak
defined by the Northern Rocky Mountain “Tench and tte
McLeod Lake fault (Figure 3-2-1). This divides the area
into Precambrian and Paleozoic sedimenits t» the east with
lower Paleozoic sediments and suspect terras es to the west.
The McLeod Lake fault may have transferrec dextral strike-
slip movement along the northern part of the Southern
Rocky Mountain Trench to tae Northern Rocky Moutta n
Trench (Price and Carmichael, 1986). East of these major
structures, thrusts and folds are typicalll east vergeat
although some folds verge west (McM:chan, (987),
Northeast-trending extensional faults crosscut the
northwest-trending faults. These structures are associated
with Late Cretaceous to Early Tertiary east-v zrgent sherte 1-
ing (McMechan, [987).

The Anzac magnesite deposit is located i1 the nortieast
corner of the McLeod Lake map sheet majped by Vuller
and Tipper (1969), Struik (in press, 1989, 1190) and Siruik
and Fuller (1988). Equivalent stratigraphy occurs o the
northwest (Struik, 1992; Struik and Noctheote, 1991
McMechan, 1987). Three major stratigraphic units are pres-
ent in the Anzac area: the Misinchinka, Gcg and Ke:hica
groups (Figure 3-2-2),

The Precambrian Misinchinka Group cor sists of fine to
coarse-grained, marine clastic rocks separate 4 into four sub-
divisions by Struik (in press). The lower tv:o subdivisions
consist of grey slate, fine quartzite, grit, dia nictite, ptyllite
and minor carbonate rocks of Hadrynian age The upper two
subdivisions consist of white quartzite, grey slate and black
slate of Hadrynian to Early Cambrian age. There is a graca-
tional change from the Misinchinka Grou» into the Gog
Group. The Lower Cambrian Gog Group i: separatd into
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two divisions (Struik, in press). The lower division consists
of quartzite, dolomite, sandy dolomite and slate. The upper
member consists of limestone, dolomite, shale and siltstone.
Poorly preserved Archaeocyathid fossils are present spo-
radically in carbonate rocks of the Gog Group (McMechan,
1987, Muller and Tipper, 1969; Struik, 1989). Maguesite
occurs within the Gog Group. Struik (1989) measured sev-
eral sections across the transition from the Misinchinka
Group through the Gog Group, east of the Anzac deposit.
These sections provide detailed descriptions of the groups in
the Anzac area. The Kechika Group consists of Upper
Cambrian to Lower Ordovician slate, phyllite and platy
limestone together with some undifferentiated Cambrian to
Devoman carbonates with minor clastics (Strutk, in press;
Muller and Tipper, 1969).

Magnesite-bearing rocks occur within a down-faulted
block of both the Gog and Misinchinka groups (Figure
3-2-2). The block is bounded by west-dipping normal faults
with the centre slightly down dropped. Rocks within the
graben are folded into an open east-verging antiform. The
Gog Group outcrops aver most of the fault block and the
upper Misinchinka Group forms the core of the antiform.
The upper member of the Gog Group forms the northeastern
and southwestern limbs of the antiform. The lower member
of the Gog Group is mostly quartzite and the upper member
is mostly carbanate. The Misinchinka Group consists of
black and dark green slate and phyllite. To the east and west
of the block are rocks of the Misinchinka Group. Axial
planar cleavage is well developed in fine-grained clastic
rocks and absent in quartzites and carbonates.

deposlt
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Cambrian 1o Devonian
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and minor clagtics

U. Cambrian & L. Ordovician
Ketchika Group

Gresn-grey siats, phyllite
and platy limestons

Lower Cambrian

Gog Group
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slate and fine-grained
guartzite

Slate, white quartzite
and black slate
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fine-grained quartzite

Grit, slate, phyllite

Figure 3-2-2. Regional geology of the Anzac deposit (modified from Struik, in press).
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THE ANZAC DEPOSIT

The Anzac deposit consists of six showings (Figure
3-2-3). The Fria, Knoll and Knob showings are isolated
outcrops of massive, sparry magnesite. Sections were pre-
pared across the Hels, Emmet and Odin showings (Figures
3-2-4, 5 and 6). Due to possible structural thickening or fold
repetition these are lithologic sections only. From the sec-
tions, eleven lithofacies were identified which are grouped
into three units. These are, in descending order, units of
carbonate, argillite and quartzite. The argillite and quartzite
are probably part of the lower member of the Gog Group.
The carbonates are most probably correlative with an
Archaeocyathid carbonate unit of the upper Gog Group
(Struik, in press}) and host the magnesite deposits. Grab
samples were taken trom the sections and isolated outcrops
for whole-rock geochemical analysis. Chemical analyses
are listed in Table 3-2-1. Lithologic correlation between
sections is poor, possibly as a result of interfingering of
lithofacies or structural complications.

Magnesite at the Anzac deposit is massive, sparry and has
few preserved sedimentary features. Rocks containing more
than 80 per cent bladed crystals, with more than 36.5 per
cent MgQ, are referred to as magnesite (Table 3-2-1) and
approach stoichiometric magnesite composition. The value
of 36.5 per cent MgO is equivalent to 70 per cent MgO in
calcined product. This is considered as the minimum grade
for economic development in the current magnesia products
market. A scatter plot of CaQ versus MgO shows a tight
cluster over 36.5 per cent MgO (Figure 3-2-7).

Zones of magpesite range from 3 to 11 metres wide.
Contacts with hostrock are gradational across up o 50 centi-

metres, Individual crystals are tladed, range ir size from 5
to 200 millmetres and are wsnzlly randomly +wiensed, but
they also form fans or roseties, Magnesite is ei her white 10
buff or medium to light grey in colour on frs sh surfaces.
The buff to white, sparry magnesite is similar to that seen in
southeast British Columbia, however, the nedium grey
magnesite has not previously been recorded in he provinee.
Thin section analysis of grey, “tigh-grade™ m. gnesite rcek
shows that small amounts of dolomite are p esent in the
matrix as well as abundant, micron-scale inclt sions within
the magnesite crystals. X-ray analysis also shc ws the pras-
ence of tale and chiorite. Chlorite is absent in svhite magie-
site. The grey colour is due to matrix d>omite and
accessory minerals. Commor impurities ae dolomite,
pyrite, limonite and hematite. Dolomite occirs as eitier
scattered remnant matrix or masses of white, 1 1ombic ¢rys-
tals. Pyrite occurs in or near small fracturzs, either as
disseminated crystals or thin coatings, and is usually par-
tially oxidized. Occasionally, limonite and he matite oc:ur
as fist-sized, amorphous masses.

Drill holes below the Emmet showing, 80 m :tres south of
section A-A’, cut several magnesite sections separated by
dolomite, over lengths of 1 10 21 metres, wi h MgO con-
centrations between 31 and 43 per cent (Gcurlay, 1943).
Correlations between drill intersections and surfice
exposures are speculative. Broad zones can be distinguis ted
but segment by segment correlations are imj-ossible. This
suggests that the magnesite may occur as discrete lensas or
braided zones.

Dolomite is the most common rock type in {1e sections. b
is typically massive, dark to medium grey, »veathers 1 gh:

./f

Grey dolomite, massive to thin bedded,
some oolitic / pisolitic bads

contains lenses, pods and digseminations
of sparry carbonate

Sparry carbonate

Olive-green shale, argifiite or phyfiite,
poor to well developad cleavage

7= Gray to buff dolomite, massive to thin bedded,

Massive, white quartz arenite

/ Grey to black argillite and phy lite
/|

Geologic contact (approximate)
Stream
Contour, 200 toot interval

A——pA Cross section location

Figure 3-2-3. Geology of the Anzac deposit (modified from Gourlay, 1989, 1991). AA" = Emmet showing: BB™ = Odin
showing; CC" = Hela showing: D = Knob showing: E = Knoll showing; F = Friz showing,

Geological Fieldwork 1992, Puper 1993-1
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Figure 3-2-4. Lithologic section of the Emmet showing with sample locations.
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Figure 3-2-5. Lithologic section of the Odin showing with sample locations.
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Figure 3-2-6. Lithologic section of the Hela showing with sample tocations.
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TABLE 3-2-1
WHOLE-ROCK GEOUCHEMISTRY FROM THE ANZAC DEPOSIT

SAMPLE SHOWING ROCKTYPE MgO

A23/5-207 Emmet magnesite 4399 072 011
91001 near Emmet magnesite 3970 674 0.22
A%’Z{B-ZIO ob magnesite 4305 1.89 0.09
91003 near Knob  magnesite 4102 5352 011
91004 Knoll magnesite 4276 315 021
91005 near Fria magnesite 4068 548 022
91006 near Fria magnesite  42.92 320 0.20
91007 near Fria magnesite 4356 186 0.26
91008 near Fria magnesite 3855 417 049
91011 near Fria magnesite 4381 104 024
91012 near Fria magnesite 4481 1.23 0.14
%&219 Odin magnesite 4379 314 021
9 near OQdin ~ magnesite 3935 636 036
91010 near Odin  magnesite 4147 352 037
A23/1-200 Emmet dolomite 2203 3112 011
A23/2.202 Emmet dolomite 2532 2712 056
A23/6-208 Emmet dotomite 1432 3154 Q.16
A24/11-220A Odin dolomite 2184 3118 0.01
A24/1-220C  Odin dolomite 26.16 2576 0.02
A%:B/IS-ZZI Odin dolomite 2225 31.01 014
91002 near Knob  dolomite 30.10 18.80 0.19
Ad6/5-235 Hela dolomite 2115 30.73 1.00
A26/8-237 Hela dolomite 3423 1670 0.08
91013 Hela / *237 dolomite 3226 16.11 013
91901 dup 91013 dolomite 3381 13.81 027
91014 Hela / #235 dolomite 2033 29.85 0.13
91015 Hela / #235 dolomite 1947 2933 0.27
91016 Hela / #237 dolomite 1965 3247 0.06
91017 near Hela dolomite 19.10 3244 0.13
A23/7-209 near Emmet limestone 1.05 4830 030

Ca0 Aly0O3 Fe203 Si0Oy TiOz MnO NaO K20 P20
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LOI TCTAL CaO;MgO

223 001 002 001 001 0BS 5001 995 0.016
1.62 001 003 005 006 010 5000 9 .24 0.169
074 001 001 002 001 (.87 5325 16155 0044
036 001 003 005 007 008 5080 .14 0.135
064 001 003 005 006 008 5110 9.11 0.7
122 001 003 005 006 010 5040 9.13 0.135
056 0.02 002 005 007 (09 5110 919 0.4
128 001 002 005 009 (08 5100 9.15 0.043
553 002 004 006 005 (14 4850 9.30 0.108
193 001 002 006 008 .09 5080 9.06 0.024
046 001 002 005 005 C.10 5140 906 0.027
044 001 002 001 001 104 5036 10)L19 0072
136 002 0064 005 010 013 5000 9¢.23 0.162
117 001 004 005 005 014 5050 %11 0.085
03 001 011 004 003 053 4675 10.98 1413
094 002 006 003 001 055 4600 10.32 1071
015 001 003 001 001 057 4127 10.36 2203
039 001 006 002 001 049 4678 10.63 1428
0.01 0.01 005 001 001 062 4792 10 .38 0.985
024 001 006 003 002 05! 4683 10 86 1.334
059 001 003 005 011 013 4850 940 0.625
158 004 008 004 026 049 4582 1¢.10 1453
039 001 002 001 001 082 4895 10 98 0.438
067 001 004 005 005 005 4880 9538 0439
121 001 002 001 004 004 4840 9882 0428
322 001 003 005 005 008 4510 974 1438
557 002 004 005 005 008 4410 9567 1.536
0% 004 004 005 005 006 4570 9N 1632
08 0.01 003 005 005 006 4600 9940 1.698
1300 0.01 003 001 012 00! 3789 1KK.73  46.000

Samples prefixed "A" are the authors and samples prefixed "91" are from Gourlay (1991, ) Minequest.

grey to buff and is recrystallized. Grain size ranges from
0.1 to 0.5 millimetre and is usually around (.25 millimetre.
Sedimentary features are only visible on fresh surfaces;
stylolites are common though poorly developed. The
lithologic descriptions below are all variants of this massive
dolomite.

Pisolitic dolomite contains variable amounts of pisolites
and oolites, ranging from 5 to 20 millimetres in diameter.
Where well preserved, the concentric nature of the grains is
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Interbedded limestone
and argillite

Calcarecus argillite

Pisolitic dolomite Argiliite
< 20 % bladed crystals
Dolomite Quartzite

N

Overburden

readily apparent and core grains are visible. The textire
ranges from scattered oolites or pisolites to rock approach-
ing grainstone. Two further variants include massive dolo-
mite and pisolitic delomite with bladed crystals The crys-l
abundance is less than 20 per cent. Chemica ly the rock
composition is that of the massive dolomite. Bli ded crystals
vary from 5 to 25 millimetres 1n length, are | ght grey (o
white and are found as scattered grains or hipolar growths
along stylolites or fractures. Massive dolomite ind pisolitic
dolomite with bladed crystals are commonly fouind adjacent
0 massive, sparry magnesite or massive do omite with
abundant bladed crystals. The latter consists of « framewo-k
of 20 to 80 per cent bladed crystals in massive dolomile.
This rock is similar in colour and 12xture to ma: sive, spar-y
magnesite when the bladed crystal content reach :s the uppzr
limit. Chemically. the Mg(Q content is less than 36.5 per
cent, often less than 30 per ceni. Dolomite vith bladed
crystals approaching 80 per cent of the rock rass plots as
magnesivm-rich rock on Figure 3-2-7. X-ra' and thin-
section analysis shows that the high magnesiurt content is
due to the abundance of magnesite crystals rathe ¢ than hizh-
magnesium dolomite. The magnesite 1s intersiitial to ard
replaces dolomite. Other dolomite samples, eitt 2r with tew
or no bladed crystals, plot near the stoichiometiic dolomi:e
composition. Contacts between nwassive, sparry magnesitz,
magnesite crystal rich dolomite and the c-ystal-poor
(<<20%) dolomites are distinct tmough gradazional over
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Figure 3-2-7. CaO/MgO plot for the Anzac deposit. Data
are in Tuable 3-2-1. Square = stoichiometric magnesite; X =
magnesile; Triangle = high-magnesium carbonate; Filied
circle = dolomite; Cross = stoichiometric dolomite: Filled
diamond = limestone; Diamond = stoichiometric calcite.

(.5 metre. The contacts are generally bedding parallel and
subplanar although in some locations are highly irregular.

Limestone is rarely exposed at the Anzac deposit {Figure
3-2-6). Where found, it is medium to light grey and fine
grained with a platy parting along bedding spaced at 10 to
20 millimetres. At the Hela showing there is a colour varia-
tion to beige at the downslope side of the outcrop. At or near
the base of the carbonate unit are either interbedded lime-
stone and argillite or calcareous argillite. The interbedded
limestone and argillite consists of rust-coloured, fine-
grained, recessive weathering limestone and green, thinly
cleaved argillite. The calcareous argillite consists of inter-
bedded brown and green, thinly cleaved argiilite. The brown
argillite is dolomitic and the green argillite is calcareous.
Bedding is less than 5 millimetres thick.

Slaty argillite and quartzite underly the carbonate mem-
ber. Argillite is olive green, thinly bedded and well cleaved.
It is recessive weathering and only the parts adjacent to the
more competent carbonate or quartzite units are exposed.
Quartzite is resistant and forms low bluffs. 1t is white
weathering and light grey on fresh surfaces. Grains are well
rounded and fairly uniform in size, ranging from 0.1 t0 0.25
millimetre in diameter. Where visible, planar bedding is 10
to 15 millimetres thick but the rock appears generaily
massive.

CONCLUSIONS

Magnesite at the Anzac showings is hosted by carbonate
of the upper division of the Lower Cambrian Gog Group.
The geological setting of the deposit is similar to that of the
Lower Cambrian strata at Mount Brussilof and the Marys-
ville area and the Helikian strata in the Brisco area. The
MgO content of the high-grade material is also similar to the
southeastern British Columbia deposits, The silica content
is similar to the Brisco deposits and less than that of
the Marysville deposit. Mapping shows that a magnesite-
bearing unit extends over a length of several kilometres but
continuity between individual showings is not established.
Further exploration along strike to the north and south is
justified. Equivalent carbonate units of the Gog Group
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elsewhere in the area may host similar magnesite mineraliz-
ation. Qur work also suggests that favourable conditions
within the Cambrian carbonates may extend northward from
the Anzac River area to the Selwyn Basin.
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