TGI 4 — Intrusion Related Mineralisation: Appendix 11

Trace elements and oxygen isotope of quartz from the
Nashwaak Granite and dykes, and quartz veins related
to the Sisson Brook W-Mo-Cu deposit, west-central
New Brunswick

W. Zhangl, D.R. Lentz', C.R.M. McFarlane' and K.G. Thorne?

1. University of New Brunswick, Box 4400, 2 Bailey Drive, Fredericton, New Brunswick
2. Geological Surveys Branch, New Brunswick Department of Energy and Mines, Fredericton, New Brunswick

Abstract: The Sisson Brook W-Mo-Cu deposit, situated in west-central New Brunswick, is hosted by Cambro-
Ordovician volcanic and sedimentary rocks of the Miramichi and Tetagouche groups. These rocks have been in-
truded by the Early Devonian Howard Peak diorite-gabbro, Nashwaak Granite, a phaneritic felsic dyke swarm, and
a distinctively younger Late Devonian porphyritic felsic dyke. In order to understand the magma evolution history,
the textural and geochemical characteristics of quartz phenocrysts from these felsic rocks were analyzed with the
aid of SEM-cathodoluminescence (CL), laser ablation inductively coupled plasma mass spectrometry (LA ICP-
MS), and secondary ion mass spectrometry (SIMS).

Four intrusive granitic units in the Sisson Brook deposit area: (1) medium-grained, equigranular two-mica granite
with brown biotite that is slightly altered to chlorite; (2) biotite- granite with ca. 20 % greenish brown biotite and
accessory zircon, apatite, monazite, magnetite, titanite, sulfide and ilmenite; (3) biotite-granite dykes with similar
mineralogical features to the biotite-granite; and (4) porphyry dykes with phenocrysts consisting of approximately
23 % plagioclase, 10 % quartz, 8 % biotite, and 7 % K-feldspar.

Quartz phenocyrsts in two-mica granite and biotite-granite plutonic phases is unzoned indicating that it formed at
relatively stable magma chamber. Quartz dissolution textures in the dyke phases might be caused by cooling from
600°C to 300°C at pressure below 1 Kbar. Quartz phenocrysts in porphyry dyke samples are oscillatory-zoned.
With the assumption that the activity of Ti in these magmas is 0.8 (based on the presence of ilmenite rather than
rutile), Ti-In-quartz geothermometry indicates that the porphyry dykes formed at a temperature above 675°C, two-
mica granite and biotite-granite plutons formed at 600°C to 700°C, and the biotite-granite dykes formed at slightly
below 600°C. Higher Ge/Ti ratios reflect greater degrees of magma differentiation. This ratio increases from
porpyrhy dykes, two-mica granite and biotite-granite pluton phases to biotite dykes. The highest Al content of
quartz measured in two-mica granite is consistent with the highest aluminium saturation index of its whole rock.
The oxygen isotope of quartz is from 8-8.5 %o for biotite-granite, 9-10 %o for biotite dykes and porphyry dykes, and
10-10.5 %o for the two-mica granites. The later mineralization quartz veins in the dykes have oxygen isotope values
between 8.5 %o to 9.5 %o, indicating the hydrothermal fluids related to the Sisson Brook deposit are dominantly
magmatic fluids.
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The Sisson Brook W-Mo-Cu
deposit is situated in west-central
New Brunswick, along the
eastern margin of an extensive
belt of “Acadian” plutonic rocks
that underlie the Miramichi
Highlands

/% Ar biotite
T A
Area of Figure 2
) y
S ) i;’;
419 +5/-4 Ma, U-Pb zircon
a, U-Pb zircon

> 2

476



Trace elements and oxygen isotope of quartz from the Nashwaak Granite

Geological setting

Cambrian to Early Ordovician
€O0TL,, - Trousers Lake Metamorphic Suite
GOKB, ., - Miramichi Group
Ordovician
OLC; - Little Clearwater Brook Granite
OMK; - McKiel Lake Granite
OPBD,OHL,OHL,,,OTU,,OTM,OHL
Tetagouche Group
Silurian
SCRg., SBU,,,.. STR,,. SSM;. SBOG;
Devonian
DHfia - Hawkshaw Granite
DBLmi - Becaguimec Lake Gabbro
DHPii - Howard Peak Granodiorite
DNWfia - Nashwaak biotite Granite
DNWfib - Nashwaak two-mica Granite
Carboniferous

Fault

(5

405 Ma, U-Pb zircon

327 24" 00"

Devonian:

Dw Nashwaak Granite
D, Howard Peak Diorite
Dgs Gabbro

Ordovician:
Push and Be

O, Hayden Lake
O;y Turnbull Mountain

Cambro-Ordovician:

€y Miramichi Group

Taylor et al. (1987)

Whalen and Theriault (1990)
Martin (2006)

Fyffe et al. (2008)

477



Zhang et al., 2015

Resource Estimate
for Sisson Brook deposit (Zone I, I1, and III)

Tonnage WO; Mo WO, Mo Agv NSR
(M) (%) (%) Mmtu) (mlb) (US$/1)

Measured 107 0.072 0.024 74571 56.6 21.11

[ndicated 276 0.065 0.020 17.94 121.7 18.76

Resource Estimate: ROSCOE POSTLE ASSOCIATES INC., 43-101, June 29, 2012
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Trace elements and oxygen isotope of quartz from the Nashwaak Granite

Pegmatoidal dyke

Major WO3 mineralization event
Decrease with depth

Low sulphide, sinuous

Minor wolframite at depth, replaced by
scheelite

Rarely contain high Mo concentrations

= Wide, commonly planar
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N Throughout deposit, define Zones |
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Trace elements and oxygen isotope of quartz from the Nashwaak Granite

Two-mica Granite

Oscillatory zoning

Biotite Granite

100 pm Oscillatory zoning




Zhang et al., 2015

Biotite dykes

Temperature (°C)

Rusk and Reed, 2002
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Trace elements and oxygen isotope of quartz from the Nashwaak Granite

Porphyry dyke
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Substitution Mechanisms
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Trace elements and oxygen isotope of quartz from the Nashwaak Granite
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Trace elements and oxygen isotope of quartz from the Nashwaak Granite

Larsen et al. (2009)
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Relationship with whole rock geochemistry

Al'in quartz (ppm)
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Relationship with whole rock geochemistry
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Trace elements and oxygen isotope of quartz from the Nashwaak Granite

Relationship with whole rock geochemistry
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Oxygen Isotope
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Conclusions

Ge/'11 ratio of quartz 1s a reliable index of the magmatic evolution of
granitic igneous system. It is consistent with Zr/Ti0O, ratio of whole rock
and mdicate that porphyry dyke 1s most primary and biotite dyke is the
most fractionated granite.

During the magmatic hydrothermal transition process, the chemistry of
primary aqueous fluids is strongly modified from its primary igneous
composition before eventually being expelled from the granitic system

Based on the Ti-in-quartz thermometer, the calculated oxygen isotope

composition of the fluids indicate that these hydrothermal fluids are

dominantly originated from magma.
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Trace elements and oxygen isotope of quartz from the Nashwaak Granite

Funded by: New Brunswick Department of Energy and Mines,
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