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Chapter 3: Summary and Direction for Future Research
3.1 KEY CONCLUSIONS

The TIS and Springdale Group near Hinds Lake, west-central Newfoundland
consist of numerous marginal granite intrusions, hypabyssal quartz-feldspar porphyry and
coeval volcanic rocks that are host to magmatic-hydrothermal Cu-Mo-Ag-Au
mineralization at the Koorae Prospect. In addition, U-REE mineralization in felsic dykes
is also present. The Cu-Mo-Ag-Au mineralization is hosted in older peralkaline
amphibole-clinopyroxene granite, whereas the U-REE is associated with later fractionated

felsic dykes.

The Koorae Cu-Mo-Ag-Au Prospect is the most significant occurrence in the TIS
and provides an age of magmatic-hydrothermal mineralization between 430 = 1.4 Ma
(host granite) and 428 + 1.8 Ma (host rhyolite). Key results from this study regarding the

Koorae Prospect include:

1. Host rocks include marginal amphibole-clinopyroxene granite, rhyolitic flows,
and lapilli tuff proximal to the basement unconformity with the HMC. The granite
intrudes parallel to the volcanic stratigraphy. Rhyolite flow margins are
preferentially mineralized and altered. The lapilli tuff is mostly barren, whereas
breccias are the most strongly mineralized of all units.

2. The amphibole-clinopyroxene granite is strongly granophyric and porphyritic.
Arfvedsonite and aegirine-augite are replaced by Cu sulfides in miarolitic cavities
and is cogenetic with magnetite, hematite, aegirine-augite, fluorite and zircon.

Sulfides include chalcopyrite, bornite, pyrite, chalcocite, molybdenite and
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covellite. Silver and Au mineralization are hosted by hessite and clausthalite
inclusions. Quartz, chlorite, fluorite, aegirine-augite and hematite are associated
with the Cu and REE mineralization and hydrothermal alteration.

The geochemistry of igneous-volcanic rocks is high silica, alkalic to calc-alkaline
with A-type and WPG signatures. They have high Ga/Al, Zr, Nb, Y and REE
(except Eu) typical of peralkaline rocks of the TIS. Igneous rocks are weakly
altered compared to volcanic rocks and all show significant mobility of HFSE,
Rb, Ba and Sr. Mineralized igneous rocks correlate with a lack of amphiboles,

whereas non-mineralized samples contain amphiboles.

The second and younger style of mineralization in the TIS is U-REE bearing felsic

dykes that crosscut the quartz-feldspar porphyry suggesting that it is younger or

equivalent to 427 = 3 Ma (Whalen et al., 1987b). Key results from this study regarding

the late U-REE-bearing dykes include:

1.

Host rocks to U-REE include aplite to pegmatitic dykes, whereas U-Th is hosted
in marginal phase granite and peralkaline amphibole granite. Dykes are
structurally controlled near intrusive contacts and often parallel to northeast
trending faults and fractures. Uranium-Th is commonly isolated near granite
contacts.

The mineralogy of felsic dykes is variable from fresh clinopyroxene alkali
feldspar granite to altered, quartz-rich pegmatite and aplite. Uranium-REE is
associated with enriched accessory minerals including monazite- (La, Ce),

allanite- (La), zircon, thorite and uranpyrochlore. The U and REE phases are
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hosted in: primary interstitial calcic clinopyroxene, quartz, carbonate, titanite and
fluorite of unaltered granitic dykes; magmatic quartz, magnetite, ilmenite and
titanite of altered aplite dykes; and magmatic-hydrothermal quartz, carbonate,
chlorite, ilmenite and calcic pyroxene alteration of pegmatite veins.

3. Geochemistry of felsic dykes is alkaline to calc-alkaline with A-type and WPG
signatures. There is strong variability of alkalis resulting from silica and potassic
alteration. The dykes are enriched U, Th, Nb, Y, Zr and REE (except Eu) and
have high Ga/Al, Nb/Y, Zr/TiO; ratios and depletions of Ba, K, Sr, P and Ti.

Ratios of U/Th and Zr/Y suggest they are from a common source.

3.2 POTENTIAL DIRECTION FOR FUTURE RESEARCH

This study has established a relationship between Cu-Mo-Ag-Au and U-REE
mineralization within the geological framework and igneous petrogenesis/temporal
framework of the TIS and Springdale Group. Detailed mapping, investigation of mineral
paragenesis, analytical geochemistry and geochronology has demonstrated that the TIS
and Springdale Group are a potential setting for I[OCG-type and peralkaline U-REE
mineralization. Further scientific research should address the following issues to provide
a more robust regional geological and metallogenic framework of the TIS and Springdale

Group to apply to further research and exploration for mineralization.

Geochronology of the TIS is limited and many ages are overlapping, thus
preventing accurate interpretation of intrusive events and the longevity of A-type
magmatism. Further geochronology is required of the amphibole granite in the central

portion of the complex and the number of marginal phase granites, quartz-feldspar
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porphyries and felsic dykes to provide a more concrete temporal framework. An accurate
age of late stage granitic to pegmatitic dykes should provide an upper age limit of the TIS
and a better understanding of the extent of igneous fractionation and host rocks to U-REE

mineralization.

This research focused on peralkaline igneous and hypabyssal intrusions of the TIS
and did not include other non-peralkaline marginal phase granites. A better understanding
of the mineralogical and geochemical affects of mixing between peralkaline and non-
peralkaline melts may provide insight into their affects on metal transport and deposition.
Evidence from the Koorae Prospect suggest that Cu-Mo-Ag-Au mineralization is not
limited to peralkaline rocks and suggests that similar potential might exist in
peraluminous to metaluminous granites. Other units that were not the subject of this study
and have received little documentation regarding their alteration and mineralization
include the Rainy Lake Complex and the Hungry Mountain Complex. Local occurrences
of hydrothermal pyrite and chalcopyrite in the HMC indicate that intermediate rocks also
provide suitable hosts for sulfide mineralization especially near unconformable contacts

and regional faults.

Regional faults and unconformities in the Hinds Lake Area are poorly defined and
may provide a strong influence on resurgent igneous intrusions, hydrothermal alteration
and mineralization. The orientation of the host amphibole-clinopyroxene granite at the
Koorae Prospect, suggest a structural influence within the volcanic stratigraphy. Regional
telsic and mafic dykes also appear to follow a northeast orientation similar to a regional

inferred fault (Fig. 2.2). Other important structures that are poorly defined include the



Silurian-Ordovician unconformity separating the TIS and Springdale Group from the

older HMC and Buchans Group. It has been documented that these unconformities are
fault modified and given that alteration and mineralization is preferentially hosted in these
zones, further mapping is needed to define them. Additional structures include a potential
collapse caldera in the Springdale Group surrounding a composite quartz-feldspar
porphyry and requires further delineation of the volcanic stratigraphy and alteration
zones. Further detailed mapping in the TIS should also focus on igneous intrusive
contacts as these areas may provide the best understanding of the nature of emplacement

and are more likely to host mineralized felsic dykes and hydrothermal alteration.

Clinopyroxene and amphibole are associated with both Cu-Mo-Ag-Au and U-
REE mineralization and thus identifying their major and trace element geochemistry may
help understand their influence on mineralization with regard to metal transport and REE
complexing with fluorine and chlorine. Microprobe analysis of amphibole and
clinopyroxene in host rocks may identify trace element zoning or trends to be applied as
geochemical vectors to fertile host rocks. Fluid inclusion data from quartz associated with
various stages of mineralization may also provide important information regarding the

salinity of fluids as well as pressure and temperature conditions during mineralization.
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APPENDIX A: LITHOGEOCHEMICAL ANALYTICAL METHODS,
QUALITY CONTROL AND QUALITY ASSURANCE

A.1 INTRODUCTION

Samples from the TIS were collected southwest of Hinds Lake over an area
approximately 20 x 30 km during field work in 2009 and 2010. Chip samples weighed
approximately 5kg and were taken from surface outcrop both regionally and at the
Koorae Prospect. Weathered surfaces were removed in the field or later with a diamond
rotary saw. Samples were crushed using and steel jaw crusher and subsequently
pulverized at Saskatchewan Research Council (SRC) in Saskatoon. Powders were
subsequently analysed using a combination of inductively coupled plasma mass
spectroscopy (ICP-MS), inductively coupled plasma optical emission spectroscopy (ICP-

OES). and X-ray fluorescence (XRF).

Major elements (SiO,, Fe;O;, KO, AlLbOs; Na,O, MgO, MnO, P,0s, CaO and
TiO;) were determined via a lithium metaborate fusion and an ICP-OES finish at SRC.
Loss on ignition (LOI) was determined via conventional heating and weight difference
methods at SRC. Trace elements were determined by ICP-MS (Ba, Be, Bi, Cd, Ce, Co,
Cr, Cs, Cu, Dy, Er, Eu, Ga, Gd, Hf, Ho, In, La, Li, Lu, Mo, Nb, Nd, Ni, Pb, Pr, Rb, Sb,
Sc, Sm, Sn, Sr, Ta, Tb, Th, Ti, T, Tm, U, V, W, Y, Yb, Zn and Zr) and were obtained via
a closed vessel multi-acid (total) digestion prior to analysis and a finish by ICP-MS
(Burnham and Schweyer, 2004) at the Ontario Geosciences Laboratories (OGL) in
Sudbury, Ontario. There were overlimits in some of the elements above, therefore,
additional data were collected. Values above the upper detection limits for Ba, Be, Ce,

Cu, Hf, Nd, Sn, Th and V were substituted for by values obtained by lithium metaborate




fusion and an ICP-OES finish at SRC. For values of Zr, Nb, and Y above upper detection

limits additional values were substituted for by values obtained from pressed pellet X-ray

fluorescence at Memorial University using the methods of Longerich (1995).

A.2 PRECISION

Precision and accuracy was calculated using replicate analysis of a variety of
known and unknown reference materials from each laboratory and analytical method. The
precision and accuracy of ICP-MS at OGL was calculated using known standards AGV-2
(n=2), BHVO-2 (n=2), GSP-2 (n=2) and MRB-29 (n=6). Precisions and accuracy of ICP-
OES analysis for total digestion, whole rock analysis and partial digestion at SRC used
known standards AGV-2 (n=2), GSP-2 (n=1), SY-3 and internal standard G-2 and CAR
110 (n=4). Precision and accuracy for XRF analysis at MUN used AGV-1 (n=9), BCR-2
(n=8), BHVO-1 (n=34), DNC-1 (n=8), DTS-1 (n=34), JG-2 (n=3), PACS-1 (n=18) and
SYS-3 (n=52).

The measure of precision is given by the percent relative standard deviation:

%RSD; = 100x si/u;
where:
%RSDi = percent relative standard deviation for element i
s; = standard deviation of the mean from the series of analytical runs for element i
ui  mean value of element i over a series of analytical runs.

In general, %RSD values between 0 and 3% are excellent , 3 to 7% are very good,

7 to 10% are good, and above 10% are poor (e.g., Jenner 1996). In general, %RSD




increases (precision decreases) as one approaches the limit of detection (LOD) for an

instrument (e.g., Jenner 1996) and should be considered for each standard. Furthermore,
values that lie between the LOD and the limit of quantification (LOQ = 3.3xLLOD; Jenner
1996), are also subject to poor precision; thus, %RSD values in Tables should only be

considered valid for elemental concentrations above the LOQ.

Analytical error for each element calculated from replicate analysis of standards is

given in Tables, and is presented as the 20 error:
20,=2xs;/Vn
where:
0, = standard error of the mean of analytical runs for element i
s; = standard deviation of the mean of analytical runs for element i
n = number of measurements of element i.

The 2 o value implies that if a sample was repeatedly analyzed, the value of
element I in that sample will have a value between u+ 20; 95% of the time (ie., 95%

confidence level).

Percent relative standard deviation (%RSD) and 20; errors for each analytical
method are presented for reference materials analyzed at OGL (Tables A.1), SRC (Tables

A.2) and MUN (Tables A.3) during this project.




A3 ACCURACY

Accuracy was determined using reference materials with known or accepted
values. Both international and internal reference materials were utilized, and internal
reference materials from the Geol.abs are compared to the long term averages for said
reference materials. The measure of accuracy is given the percent relative difference of
the mean value of the analytical runs for an element as compared to the accepted value for

the standard, and is given by:
%RD =100 x (i - STD;)/ STD;
where:
i = mean value of element i in the standard over a number of analytical runs
STDi= “known” or “certified” value of i in the standard or reference material

Values for %RD can be negative or positive reflecting values less then or greater
then known values. In general, values of %RD values that are + (0 - 3% are considered to
have excellent accuracy, values from +3 to 7% are considered to represent very good
accuracy, and +7 to 10% good accuracy. Values above 10% should be considered
indicators of poor accuracy. Accuracy is expected to decreases as the LOD is approached
(e.g., Jenner 1996) and should be considered for poorly accurate results. Furthermore,
values that lie between the LOD and the LOQ are also subject to poor accuracy; thus,
%RD values in the following data should only be considered valid for elemental

concentrations above the LOQ.
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APPENDIX B: LITHOGEOCHEMISTRY OF THE TOPSAILS
INTRUSIVE SUITE

Geochemical investigation of the TIS required the use of numerous major and
trace elements selected from a variety of analytical methods and laboratories. A list of the
geochemical results for the entire sample suite is provided in Table B1 that include
sample type information as well as the Aigpatic Index (Al = molar Al/ molar (Na + K)),
Alumina Saturation Index (ASI = molar Al/ molar (Na + K + Ca)) and Ga*/Al ratio
(Ga*=69.723). Major element oxides (SiO,, Al,03, Fe;03, K,0, Na,O, MgO, MnO, P,0s,
CaO and TiO, where selected from whole rock analysis by ICP-OES at SRC. Trace
elements were mostly selected from ICP-MS analysis from the OGL however because
some samples returned over limit values in certain elements the results were substituted
for ICP-OES results from SRC (Be, Ce, Cu, Hy, Nd, Sn, Th, V and F) and XRF results

from MUN (Zr, Nb, Y, S and Cl).









































































































