TGI 4 — Intrusion Related Mineralisation: Appendix 11

Using biotite composition of the Devonian Mount
Elizabeth Intrusive Complex, New Brunswick, as a proxy
for magma fertility and differentiation in W-Mo-Au-Sb
mineralized magmatic hydrothermal systems

Z. Azadbakht, D.R. Lentz and C.R.M. McFarlane

University of New Brunswick, Box 4400, 2 Bailey Drive, Fredericton, New Brunswick

Abstract: The Early Devonian (418 + 1 Ma, monazite U-Pb) Mount Elizabeth intrusive complex, New Brunswick,
Canada, is a multiphase metaluminous to weakly peraluminous, high K calc-alkaline body that shows within plate
affinity. The complex consists of apparently contemporaneous igneous suites including a mafic suite, an eastern
peraluminous granite suite and a western alkali granite suite. The eastern part comprises compositionally and tex-
turally homogenous biotite granite, whereas the western part is mostly heterogeneous and contains five different
units. The most abundant phase of the western suite is medium- to coarse-grained alkaline equigranular granite.
This complex poorly exposed so that most of the available data, including inferred contact relationships, is based on
geophysical data. It should be added that no mineral occurrences have been reported so far from this complex.

Fresh biotite from this intrusion was analysed from core to rim by electron microprobe, and laser ablation ICP-MS
at the University of New Brunswick to test whether biotite preserves a record of magma evolution in terms of
major and trace-element and halogen compositional variations. Subhedral to elongate biotite phenocrysts are less
than 700 um long and reddish brown in colour indicative of a reduced I-type source. A calc-alkaline affinity is also
suggested by biotite major element classification schemes. Biotite is locally altered to chlorite along cleavage
planes, and typically contain iron oxides, monazite, ilmenite, apatite, xenotime, and zircon as mineral inclusions.

Results of electron microprobe and laser ablation ICP-MS studies indicate that biotite grains are homogenous in
major elements; however, they show variation in trace elements from core to rim. The biotite grains investigated
have the highest Sn, W, Sb, and Mo concentrations recorded thus far among Devonian-related granitoid intrusions
of New Brunswick (130, 40, 1, 3 ppm, respectively). There is no systematic correlation between major elements
including Fery, or Fer,/Ti and any of these trace elements. To further study trace-element distribution, a biotite
from each of the phases was mapped with laser-ablation ICP-MS revealing patchy Ba, Rb, and Cs zoning. These
patterns are interpreted to be a result of localized hydrothermal alteration and intracrystalline volume diffusion in
these biotite grains. The intracrystalline distribution of Sn, W, Mo and Sb is homogeneous. Furthermore, halogen
contents analysed by EPMA indicate that hydroxyl is the dominant component of hydroxyl site followed by fluo-
rine. It also showed that these biotites formed from strongly contaminated and reduced I-type granite.

As a result, high concentration of Sn in biotite is interpreted to be caused by crustal contamination, and low-
temperature hydrothermal processes (sub-solidus) rather than being magmatic in origin.
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Using biotite composition of the Devonian Mount Elizabeth Intrusive Complex as a proxy for magma fertility

Project Goals

® Document detailed chemistry of coexisting phyllosilicate mineral
phases to reveal distinctive clement signaturcs that may be specific
to fertile granitoids.

® Provide a geochemical fingerprint for more-specific mineralization
styles and prospectivity in the Acadian Plutonic Complex.

Geological and Tectonic Setting
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Whole rock Geochemistry :

Si0,-K;0 plot (Peccerillo and Taylor 1976)
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Tectonomagmatic Geochemical Discrimination Diagrams
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Lalonde and Bernard (1993)

Isotopic Characteristics of the Gander Granites

Al/(Na+K+C ENd T'pm 206p} /204 207p}s /204 208

Ordovicla 1021006 23117  -28t18 1502 90107 1854310137  15492:0010  38.429+0.144
n (089/1.15)  (-54/0.1) (-6.1/-02) (1.1/1.7) (82/10.1) (18.353/18770) (15.675/15709)  (38.232/38.707)
Silurian-  1.031007 | -1.09:1.0 | -2011.1  1.4:0.1 8.611.1 1839130105  15.667+0.021  38.284%0.077

Devonian (085/1.17) | (-42/-03) | (-4.4/-04)  (1.1/1.7) | (5.6/10.4) | (18.276/18.708)  (15.628/15.702)  (38.089/38.420)

Old

CouEonidl Supracrustal U-Pb monazite age of 4181 Ma

Source Eastern Peraluminous suite

crust or
enriched
mantle

Negative g4 (0.4 Ga) valuesindicatesreworking of the same, significantly older (range in
depleted mantle model ages, Ty,,= 1.1-1.7 Ga), crustal protolith during a number of different
partial melting events (Whalen 1993)

The isotopic data indicates that Gander zone granites were generated from older (1.5 0.5 Ga)
crustal source which included a major supracrustal component (Whalen 1993)
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Petrography (SEM-BSE Images)

WX-85-NB-240 WX-85-NB-254 WX-85-NB-262
coarse grained coarse grained equigranular coarse grained equigranular
equigranular biotite white biotite granite red biotite-amphibole
granite SEag alkaligranite
SEpg SEag

Biotite Classification

10 *TiO2 T T
ROCK TYPES
-0.850 j= il
0
nmary | ,Q
olite ! g — |
/// <
K D
'ooé? X =130 |- i
° Re-equilibrated g‘
biotite 3
—2.00 |- =S
Secondary biolite ; ; ;
FeO+MnO Mgo A -0.80 -0.40 0.00
Log(Xmg/XFe)Bio
Nachit et al. (2005) Ague and Brimhall (1987)

543



Azadbakht et al., 2015

Biotite Halogen Study
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Trace Elements
sule | Mo (ppm) | sn (ppm) | b (ppm) | W (ppm) |

WX-85-NB-240 SEpg 2%] 130£10 0.3£0.1 912
WX-85-NB-254 SEag 2+1 8+2 1+£0.5 2+1
WX-85-NB-262 SEag 2+] 24+5 0.5+0.1 10+2

Conclusion

= Mount Elizabeth Intrusive Complexseemsto be fractionally crystalized

®» |t seemsthat different suites have been equilibrated with a different
hydrothermall fluid (at least two different hydrothermail fluid

= Proof of concept that mica chemistry may aid in identification of fertile
Acadian magma systems

/ = Systematic sampling

» U/Pb Zircondating of different phases to study the time relationship between
them

= Detail mapping of the area

= Geophysicalsurvey
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