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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

Figure 11.

Figure 12.

FIGURES

Location and geology of the area surrounding Red Indian Lake, including rocks of the
Victoria Lake supergroup. CLIS—Crippleback Lake intrusive suite; VLIS—Valentine Lake
intrusive suite. Geological map from a compilation by N. Rogers based, in part, on GSC map-

ping as indicated inthe teXt. . . ... .. ...

Geology map of the southern Tulks Volcanic Belt illustrating the various rock types and the
VMS deposits, prospects, and showings. Note that the map is not intended to distinguish the
various groupings defined by van Staal et al., (2005), but is rather meant to represent a litho-
logical map. Partly modified and compiled from industry sources (e.g., Noranda, 1998) and
government publications (e.g., Kean, 1982; Evans ef al., 1994c; Evans and Kean, 2002; van

Staal e al., 2005). . . . .

Geology map of the northern Tulks Volcanic Belt illustrating the various rock types and the
VMS deposits, prospects, and showings. Note that for clarity purposes not all of the mineral
occurrences are labelled. Geology partly modified and compiled from industry sources (e.g.,
Noranda, 1998 and Greene et al., 2001) and government publications (e.g., Kean, 1979a;

Evans et al., 1994c; Evans and Kean, 2002; Rogers ef al., 2005; Lissenberg et al., 2005). .. .. ...

Classification of VMS deposits on the basis of host-rock and alteration assemblages (after

Barrie and Hannington, 1999; from Galley et al., 2007, Franklin ef al., 2005). . ... ...........

A. Schematic drillhole stratigraphic column for DDH GA-04-11 (discovery hole) from the
Boomerang deposit illustrating rock types and relations and alteration patterns; B.
Geochemical strip log for GA-04-011 (Boomerang) illustrating elemental variation in relation
to the ore horizons; and C. Geochemical strip log for GA-97-05 (Domino) illustrating ele-

mental variation in relation to the ore horizons. . . . ......... . . . . .

Cross-section from the Boomerang deposit illustrating the positioning and relationships
between the hangingwall, footwall and mineralized horizon. Note the presence of large-scale
isoclinal folding in the hangingwall stratigraphy. Note also the location of the barite zone
deep in the footwall rocks (from Messina Minerals Inc.; G. Squires, personal communication,

2008). Section azimuth 1S 143°. . . . ...

Simplified geology map of the Tulks Hill deposit area illustrating rock types and alteration

patterns (from Prominex Resources Corp. web page; geology compiled from United Bolero). . . . .

North — south cross-section of the T-3 Lens, Tulks deposit (from Evans and Kean, 2002; after

Moreton, 1984). Section is located on Figure 7. .. .. ... ... ... .. .

A. Graphic drill log for DDH TE-99-04 from the Tulks East deposit. The hole intersected the
A-Zone massive sulphide lens. Note the presence of alteration in both the footwall and hang-
ingwall and also the metal zonation in the sulphide lens. Graph illustrates base-metal zona-
tions within the massive sulphide lens (Modified from Tallman, 2000). B. Geochemical strip

log for TE-99-04 illustrating elemental changes in relation to the ore horizons. . ... ...........

Cross-section through the Tulks East deposit (from Noranda 1998). .......... ... ... ......

Geology of the Daniels Pond deposit (from Evans and Kean, 2002; modified after McKenzie

et al, 1993,

Cross-section through the Daniels Pond deposit (from Noranda, 1998). Section A-B is locat-

edon Figure 11, ..o
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Figure 13.

Figure 14.

Figure 15.

Figure 16.

Figure 17.

Figure 18.

Figure 19.

Figure 20.

Figure 21.

Figure 22.

A. Graphic drill log for DDH DN-02-02 from the Daniels Pond deposit illustrating rock types
and relations and alteration patterns. Note that stratigraphy is interpreted to be overturned. B.
Geochemical strip log for DN-06 illustrating elemental changes in relation to the ore hori-

A. Schematic drillhole stratigraphic column for DDH 77537 from the Bobbys Pond deposit
illustrating rock types and relations and alteration patterns. Note that stratigraphy is inter-
preted to be overturned. Note that the column is not intended to illustrate original stratigraphic
order. B. Geochemical strip log for DDH 77537 illustrating elemental changes in relation to

the ore horizons. . . . .. ..

Nb/Y versus Zr/TiO, discrimination diagram (Winchester and Floyd, 1977). A. Boomerang
deposit; B. Tulks Hill deposit; C. Tulks East deposit; D. Pats Pond group. Pats Pond group

chemistry from Rogers (2004) and Zagorevski (2006). HW—hangingwall, FW—footwall. .. ... ...

Yb versus Ta (Pearce et al., 1984) discrimination diagrams for the host felsic volcanic rocks
of the three main VMS deposits in the southern TVB and the Pats Pond group: A. Boomerang
deposit, B. Tulks Hill deposit, C. Tulks East deposit, D. Pats Pond group. Pats Pond group

chemistry from Rogers (2004) and Zagorevski (2006). . ... ... i

Primitive-mantle-normalized trace-element plots for the southern Tulks Volcanic Belt and
Pats Pond group felsic tuff rocks. Note that in A to C these rocks host the massive sulphide
deposits. A. Boomerang deposit; B. Tulks Hill deposit; C. Tulks East deposit; D. Pats Pond 4
(PP4), E. PP6. Pats Pond group chemistry from Rogers (2004) and Zagorevski (2006).

Primitive mantle values from Sun and McDonough (1989). .. ... ... ... . ... ... ... ... ...

Primitive-mantle-normalized trace-clement plots for other felsic to intermediate rocks from
the southern Tulks Volcanic Belt and Pats Pond group. A. Boomerang deposit, B. Boomerang
deposit, C. Tulks Hill, D. Tulks East deposit and E. Pats Pond 3 (PP3). Pats Pond group chem-
istry from Rogers (2004) and Zagorevski (2006). Primitive mantle values from Sun and

McDonough (1989). . .. ..

eNd versus “Sm/"“Nd plot illustrating the range of values from rocks hosting VMS deposits

and occurrences inthe TVB. . .. ... .

Primitive-mantle-normalized trace-element plots for mafic to intermediate volcanic rocks of
the southern Tulks Volcanic Belt and Pats Pond group rocks. A. Boomerang deposit basaltic
sills, B. Boomerang deposit andesitic sills, C. Tulks Hill deposit basaltic sills, D. Tulks East
deposit basalt and andesite, E. Pats Pond group (PP) 1 basalt, F. PP2 basalt and mafic tuff and
PP5 mafic tuff. Pats Pond group chemistry from Rogers (2004) and Zagorevski (2006).
Shown for comparison are N-MORB, E-MORB and OIB. Primitive mantle, N-MORB, E-
MORB and OIB values from Sun and McDonough (1989). N-MORB-mid-ocean-ridge

basalt, E-MORB-enriched mid-ocean-ridge basalt, OIB—ocean island basalt. . ... ............

Ti—V discrimination plot with field boundaries from Shervais (1982) for mafic rocks of the
southern TVB and Pats Pond group. Pats Pond group chemistry from Rogers (2004) and
Zagorevski (2006). BON-boninite, [AT—island-arc tholeiite, MORB-mid-ocean-ridge basalt,
BABB-back-arc-basin basalt. A. Boomerang deposit; B. Tulks Hill deposit; C. Tulks East

deposit; and D. Pats Pond group. . . . ... ...

Alteration box plots of Large et al. (2001), with vectors for various alteration minerals and
alteration versus diagenetic fields. CCPI-chlorite-carbonate-pyrite index. A. Boomerang
deposit, B. Tulks Hill deposit, C. Tulks East deposit, D. Pats Pond group. AI = Hashimoto
index = 100*[(MgO+K,0)/(MgO+K,0+Na,0+Ca0)] (Ishikawa et al., 1976), CCPI-chlorite-

carbonate-pyrite index = 100*[(MgO+FeO*]/(MgO+FeO*+K,0+Na,0)] (Large et al., 2001). . . . .
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Figure 23.

Figure 24.

Figure 25.

Figure 26.

Figure 27.

Figure 28.

Figure 29.

Figure 30.

Figure 31.

Figure 32.

Figure 33.

Figure 34.

Nb/Y versus Zr/TiO, rock type classification diagram (Winchester and Floyd, 1977). A.
Daniels Pond deposit; and B. Bobbys Pond deposit. HW-hangingwall, FW—footwall. . . . ..........

Yb versus Ta (Pearce et al., 1984) discrimination diagrams for the host felsic volcanic rocks
from A. Daniels Pond deposit; and B. Bobbys Pond deposit. .. .............. ... ... ..........

Primitive-mantle-normalized extended trace-element plots for northern TVB felsic-interme-
diate rocks. A—E (Daniels Pond), F+G (Bobbys Pond). Normalizing values from Sun and
McDonough (1989). HW-hangingwall, FW—footwall. . .. ...... ... .. ... ... ... ... ... ........

Primitive-mantle-normalized extended trace-element plots for Daniels Pond deposit mafic to
intermediate rocks. Normalizing values from Sun and McDonough (1989). . ....................

Ti—V tectonic discrimination diagram from Shervais (1982) for mafic rocks from the Daniels
Pond deposit, northern TVB. HW-hangingwall, FW—footwall. . . ............................

Alteration box plots for rocks from Daniels Pond and Bobbys Pond deposits with vectors for
various alteration minerals and alteration versus diagenetic fields (Large et al., 2001).
CCPI—chlorite-carbonate-pyrite index. A. Daniels Pond deposit; and B. Bobbys Pond deposit.
HW-hangingwall, FW—footwall. . . . ... ... . . e

A. U-Pb Concordia diagram for the ash/lapilli tuff from the Boomerang deposit; analyzed
using Thermal Ionization Mass Spectrometer (TIMS) techniques. B. U-Pb Concordia dia-
gram for the ash/lapilli tuff from Boomerang; analyzed using Sensitive High Resolution Ion
MicroProbe (SHRIMP II) techniques. C. U-Pb Concordia diagram for the felsic dyke from
Boomerang; analyzed using SHRIMP II techniques. The red ellipses in Figures 29B and 29C
represent inherited ZITCONS. . . . . ..ottt e e e e

Schematic diagram illustrating the two types of VMS-forming environments observed in the
TVB (replacement versus exhalative). Note that the two environments are commonly inter-
preted to be related and forming continuums. . . . ... .. ...

Schematic diagram illustrating the two types of VMS-forming environments in the TVB (e.g.,
deep-water, typical VMS environment suggested for the southern TVB, (B) through to shal-
lower water, VMS—epithermal-type environment suggested for the northern TVB (C)). .. ..........

Comparison of known U-Pb zircon ages from the Tulks Volcanic Belt. Geochronology from:
Zagorevski et al. (2007a); Hinchey and McNicoll (2009); Evans et al. (1990). . .................

Geological and stratigraphic relationships in the southern TVB as portrayed by van Staal et
al. (2005) and Zagorevski et al. (2007a). Transect A-A’ shown as Figure 34. .. ..................

Structural models illustrating possible explanations of the geology along section A-A’ on
Figure 33. A. A folded thrust model exposing 491 Ma rocks that unconformably underlie
younger 453 Ma rocks; B. A folded thrust model in which the sedimentary rocks included in
the Dragon Pond formation (van Staal ef al., 2005 and Zagorevski et al., 2007a) are of dif-
ferent age; C. Model invoking east-verging large scale thrust stacks that structurally juxtapose
sequentially younger packages of rocks from the west (with the exception of the 462 Ma
Victoria River Mouth formation). . . . ... ..
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Figure 35.

Figure 36.

Figure 37.

Comparison of primitive-mantle-normalized trace-element plots for the east and west panels
of “Wigwam Brook’ group in the southern TVB with Wigwam Brook group from the north-
ern TVB, Tulks group rocks, and Pats Pond group rocks. A. Wigwam Brook group felsic vol-
canic rocks from south TVB (this study); B. Wigwam Brook group felsic volcanic rocks from
south TVB (Rogers, 2004; Zagorevski et al., 2007a); C. Wigwam Brook group felsic volcanic
rocks from north TVB (Rogers, 2004); D. Felsic volcanic rocks from the Tulks East deposit
(this study); E. Felsic volcanic rocks from the Pats Pond group (Rogers, 2004; Zagorevski et
al., 2007a); F. Felsic volcanic rocks from the Boomerang deposit (this study). HW—hanging-

wall, FW—footwall. . . . ..

Comparison of primitive-mantle-normalized trace-element plots for ‘Victoria River Mouth
formation’ rocks in the southern TVB with Victoria River Mouth formation rocks in the north-
ern TVB (i.e., Upper Basalts of Evans and Kean, 2002) and other mafic volcanic rocks in the
southern TVB. A. Mafic volcanic rock geochemistry for mafic rocks in the Tulks Valley
(Evans and Kean 2002); B. Victoria River Mouth formation (ORM) from the northern TVB
(Rogers, 2004); C. Victoria River Mouth formation (ORM) from the southern TVB (Rogers,
2004); D. Tulks Hill Basalts (Evans and Kean, 2002); E. Mafic volcanic rocks from the south-
ern TVB (outcrop samples, this study); F. Mafic volcanic rocks from the southern TVB

(Rogers, 2004; Zagorevski et al., 2007a). . . ... ..o

Comparison of discrimination plots (after Wood, 1980) for ‘Victoria River Mouth formation’
(ORM) rocks in the southern TVB with Victoria River Mouth formation rocks in the north-
ern TVB (i.e., Upper Basalts of Evans and Kean, 2002) and with other mafic volcanic rocks
in the southern TVB. A. Mafic volcanic rock signatures from Evans and Kean (2002); B.
Victoria River Mouth formation (ORM) from the northern TVB (Rogers, 2004); C. Victoria
River Mouth formation (ORM) from the southern TVB (Rogers 2004); D. Mafic volcanic
rock signatures from outcrop as part of this study and from Rogers (2004), Zagorevski et al.
(2007a); E. Mafic volcanic rock signatures from drillcore samples (this study), and F. mafic

volcanic rock signatures from the Pats Pond group (Rogers 2004; Zagorevski et al., 2007a). . . . ..
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Plate 1.

Plate 2.

Plate 3.

Plate 3.

Plate 4.

Plate 5.

PLATES

Common rock types of the southern TVB: A. Quartz porphyritic felsic volcanic; B. amyg-
daloidal basalt; C. quartz-feldspar porphyritic felsic volcanic; and D. interbedded sediments.

A. Folding in an outcrop of sedimentary rocks at the Al Keats occurrence; B. Z, M and S folds
in drillcore from the Tulks West occurrence; and C. S, and S, foliations in altered felsic vol-
CANIC TOCKS. . . ottt e e e e e

Photographs of rock types, stratigraphy, mineralization and alteration from the Boomerang
deposit; A. Intercalated felsic tuffs and black argillite (locally sulphide bearing). Note the rip-
up clasts of the argillite in the tuffs (DDH GA-05-021 @ ~420 m); B. Finely inter-laminated
black argillite/greywacke and felsic ash-tuff. Note abundant overprinting pyrite (DDH GA-
05-021 @ ~370 m); C. Pyroclastic felsic tuff with rip-up clasts of black argillite (DDH GA-
05-021 @ ~420 m); D. Heterolithic volcaniclastic breccia/conglomerate. This lithology is
common and typically displays fining-upward relationships where it grades into felsic tuff
(DDH GA-04-011 @ ~25 m); E. Light-grey, medium-grained felsic sill. The sills occur in
both the hangingwall and footwall to the deposit and locally cut the massive sulphides (DDH
GA-05-079 @ ~255 m); F. Amygdaloidal basaltic sill. Amygdules (filled with calcite) occur
toward the tops of the sills suggesting a high-level of emplacement. The sills have chilled
lower contacts (DDH GA-97-05 @ ~285 m); G. Intercalated felsic tuff and black argillite
immediately overlying the ore horizon (DDH GA-05-021 @ ~510 m) and H. Mineralized
black argillite (DDH GA-05-021 @ ~510 m). Note that all diamond-drill core is NQ size (~47
MM in dIAMELET). . . . ottt

(Continued) Photographs of rock types, stratigraphy, mineralization and alteration from the
Boomerang deposit: 1. High-grade, massive sulphides (Zn—Pb—Cu). Note the abundant relic
quartz crystals and preserved layering suggesting that the sulphides invaded and replaced a
crystal-rich tuff (DDH GA-04-011 @ ~279 m); J. Massive sulphides with coarse-grained
blebby pyrite porphyroblasts (DDH GA-04-011 @ ~278.5 m); K. Pyritic massive sulphides
with quartz, the sulphides are interpreted to have totally replaced the protolith (DDH GA-05-
021 @ ~501 m); L. Massive sulphide replacing the heterolitic felsic lapilli tuff footwall (DDH
GA-04-011 @ ~288.5 m); M. Intensely sericitized felsic tuff in a stringer zone beneath the
massive sulphide horizon. Note the base-metal-rich composition of the stringers (DDH GA-
04-011 @ ~305 m); N. Chaotic carbonate alteration in footwall rocks (DDH GA-97-05 @
~625 m); O. Sericitized and pyritized footwall felsic tuff. Note the isoclinal folding of the
pyrite stringer suggesting post-mineralization structural overprinting (DDH GA-04-011 @
~310 m); and P. Outcrop of massive barite (locally replaced by silica) in the footwall. Note
that all diamond-drill core is NQ size (~47 mm in diameter). . .. .....................

A. Interfingering contact relationship between felsic volcanic (left hand side) and an inter-
mediate to mafic dyke (right hand side) suggesting that both were emplaced synchronously
(DDH GA-97-05 @ ~79 m); and B. Soft-sediment deformation texture between a mafic sill
(left) and an ash tuff (right) (DDH GA-04-11 @ ~205 m). Note that the diamond-drill core is
NQ size (~47 mm in diameter). . . . ... .ot

Photomicrographs of typical Boomerang hangingwall tuffaceous rocks. A and B. from sam-
ple JHC-06-172 illustrate a quartz and feldspar phyric, crystal tuff with moderate sericite—
quartz—carbonate alteration; C, D and E. From sample JHC-06-179 and also illustrate quartz
and feldspar phyric, crystal volcaniclastic tuff with moderate sericite—quartz—carbonate alter-
ation, in addition to relict albite alteration attributed to regional metamorphism; F is from
sample JHC-06-202 in the immediate hangingwall and illustrates an intensely altered felsic
tuff with sericite—carbonate—quartz alteration assemblages. See Appendix 1A for sample
JOCALION. . . o .ttt

viii

Page

12

13

14

15

16

21



Plate 6.

Plate 7.

Plate 8.

Plate 9.

Plate 10.

Plate 11.

Plate 12.

Plate 13.

Plate 14.

Microscopic features of typical Boomerang footwall tuffaceous rocks displaying intense car-
bonate—sericite—silica—chlorite alteration with disseminated to stringer-style sulphides.

Samples JHC-06-184 (A) and JHC-06-185 (B). See Appendix 1A for sample location. . .. .......

A, B and C. Microscopic features of Boomerang footwall alteration. Note the intense and
variable sericite—carbonate—silica alteration with disseminated sulphides. Sample JHC-06-

239. See Appendix 1A for sample location. ... ... ... .

A. View of the Tulks Hill VMS system from the Tulks River valley (looking east); B. schis-
tose felsic volcanic rocks; and C. footwall alteration in felsic volcanic rocks from the Tulks

Hill VMMIS deposit. . . ..o

Photomicrographs of quartz-phyric rhyolite with varying sericite—chlorite alteration (A to D)
and quartz-phyric felsic tuff (E) from the Tulks Hill VMS deposit. A. JHC-06-042; B. JHC-

Photographs of rocks types, mineralization, and alteration at the Tulks East deposit. A.
Banded greywacke and black argillite (locally graphitic) (DDH TE-99-04 @ ~185 m); B. con-
tact of graphitic argillite with felsic volcanics (note Tulks East Fault) (DDH TE-99-04 @
~220 m), C. hangingwall quartz-eye phyric felsic tuff; note intense sericite/pyrite alteration
(DDH TE-99-03 @ ~337 m); D. hangingwall felsic volcanics; note intense pyrite/sericite/
chlorite alteration (DDH TE-99-04 @ ~234 m); E. Zn-rich massive sulphide; note relict
quartz-crystals and post-mineralization folding (DDH TE-99-04 @ ~246 m); F. Cu-rich Tulks
East massive sulphide (DDH TE-99-04 @ ~241 m); G. pyritic sulphide keel of the Tulks East
A-Zone ore body (DDH TE-99-04 @ ~258 m); and H. intense chlorite/sericite/pyrite alter-

ation of footwall felsic volcanics (DDH TE-99-04 @ ~267m). . . ......... ... ... .

A and B. Quartz crystals within a fine-grained recrystallized quartz and sericite matrix from
a rhyolitic facies at the Tulks East deposit. Note the delicate resorption textures occuring as
embayments within the quartz crystals, indicative that the quartz phenocrysts were unstable
in the melt prior to its solidification. Both photomicrographs are from JHC-06-022; see

Appendix 1A for sample location. . .. ... .. ..

Chlorite alteration with semi-massive pyrite at the Middle Tulks VMS showing. Note the
variable habit of the pyrite (e.g., coarse cubes and fine-grained semi-massive disseminations).

Host rock is interpreted to be intermediate volcanic rocks. . . .......... ... ... ... .. ...

Stringer of semi-massive arsenopyrite, chalcopyrite, and pyrite cutting felsic-intermediate
volcanic rocks of the Tulks West showing (DDH TW-02-01 @ ~91 m). Note that the dia-

mond-drill core is BQ size (~36.5 mm in diameter). . . ............ ...

A. Dragon Pond mineralized horizon; note the change in rock types down-hole from black
shales/argillite, into felsic lapilli tuff, into iron-formation, down into sericitized felsic lapilli-
tuff (DDH DRP-96-07 @ ~325 m); B. banded massive sulphides (Zn—Pb—Cu) from the Curve
Pond showing; note the abundant quartz crystals and fragments in the massive sulphide (DDH
CVP-02-02 @ ~38 m); and C. massive pyrite and pyrrhotite at the Curve Pond showing
(lower) (DDH CVP-02-01 @ ~32.5 m); note the banded greywacke and chert, which may be
a facies of the iron-formation; note that the diamond-drill core is BQ size (~36.5 mm in diam-
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Plate 15.

Plate 16.

Plate 17.

Plate 18.

Plate 19.

Plate 20.

Plate 21.

Plate 22.

Photographs of Daniels Pond deposit stratigraphy, alteration, and mineralization, A. Daniels
Pond massive sulphide deposit exposed in surface trench; note massive sulphide at the arrow;
B. massive sulphide clast (at arrow); C. folded massive sulphides exposed by trenching; D.
base-metal-rich massive sulphide; note the altered felsic clasts (DDH DN-02-02 @ ~193 m);
E. intense chlorite—clay—aluminous alteration in the immediate FW to the deposit (DDH DN-
07-053 @ ~104 m); intense chlorite suggests that the mineralization was vent proximal; and
F. intense sericite—clay—aluminous alteration in a stringer zone to the deposit (DDH DN-02-

10 @ ~132 m); note that the diamond-drill core is NQ size (~47 mm in diameter). . . ... ........

Photomicrographs of mafic-intermediate host rocks to the Daniels Pond deposit. A-D illus-
trate relict plagioclase and quartz crystals; and E and F. illustrate very intense sericite—silica
+ aluminosilicate alteration. Samples (A) JHC-07-119, B. JHC-07-123, C. JHC-07-142, D.

JHC-07-084, and ( E and F) JHC-07-096. See Appendix 1A for sample location. . .............

Photographs of Bobbys Pond deposit stratigraphy, alteration, and mineralization: A. Aphyric
rhyolite; note the local flow-banding textures (DDH MOA-05-02 @ ~38 m); B. intense
sericite—carbonate—aluminous alteration in the FW to the deposit (DDH MOA-05-02 @ ~100
m); C. massive sulphide lenses from the deposit; note the intense carbonate alteration associ-
ated with the rhyolitic host in the middle of the photograph (DDH 77537 @ ~175 m); D. base-
metal-rich massive sulphide (DDH 77537 @ ~175 m); E. mineralized very fine-grained ashy-
tuff to siliceous sediments from the mineralized horizon (DDH 77546 @ ~158 m); and F. jig-
saw fit rhyolitic breccia with polygonal clasts indicative of a vent-proximal environment; tex-
ture is interpreted to represent the rim of a blocky flow (DDH 77546 @ ~175 m); note that
plate A and B are NQ core (~47 mm in diameter) whereas C-F are BQ size (~36.5 mm in

QIaMELET). . . o oo

Photomicrographs of host rocks and alteration, and mineralization at the Bobbys Pond
deposit. A, B and C. Quartz and feldspar phyric rhyolite from the hangingwall whereas D, E
and F) are sericite—silica—carbonate-altered, sheared rhyolite from the footwall. A. JHC-07-
255; B. JHC-07-273; C. JHC-07-252; D. JHC-07-268; E. JHC-07-274; F. JHC-07-253. See

Appendix 1A for sample location. . . . ... ...

Variably altered and mineralized felsic tuff from the Jack’s Pond deposit (DDH JP-29 @ ~290
m). Note the sericite—carbonate alteration (top) grading to chlorite alteration (bottom). Note

that the diamond-drill core is NQ size (~47 mm in diameter). . . . ...................ou....

Coarse-grained exotic granitic clasts in volcaniclastic breccia at the Jack’s Pond deposit
(DDH JP-94-01 @ ~171.5 m). The presence of exotic clasts implies that the breccias were
likely derived as fault breccias rather than true volcaniclastic debris-flow breccias. Note that

the diamond-drill core is BQ size (~36.5 mm in diameter). . .. ............. ...

Exhalative-type mineralization from the Cathy’s Pond prospect consisting of a silica- and
pyrite-rich argillite associated with semi-massive to massive sulphides (DDH JP-30 @ ~65
m). Note the footwall stringer alteration in the top row. Note that the diamond-drill core is NQ

Size (~47 MM in diameter). . . . . . .o e

A. Native sulphur with silica—alunite alteration at the Bobbys Pond native sulphur showing;
B. Orpiment crystals associated with the Bobbys Pond native sulphur showing (DDH BP-4
@ ~65 m); C. Native sulphur in association with massive laminated sulphide at Bobbys Pond
native sulphur showing (DDH BP-5 @ ~107 m); and D. Massive pyrite mineralization asso-

ciated with intense silicification and sericite + alunite alteration at the North Pond prospect. .. . . ..
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A. Base-metal-rich sulphide clasts in a heterolithic debris-flow deposit at the Hungry Hill
prospect (DDH HH-98-22 @ ~220 m); note that sulphide locally forms stringers and breccia
matrix; B. (DDH HH-97-15 @ ~180 m) and C. (DDH HH-97-16 @ ~150 m) sulphides form-
ing the matrix to rhyolitic breccias; and D. semi-massive sulphide (DDH HH-97-16 @ ~150

m); note that the diamond-drill core is NQ size (~47 mm in diameter). . .....................

Chalcopyrite-rich, chloritized felsic pyroclastics from the Victoria Mine prospect. Note that
intense carbonate—silica—sericite alteration assemblages are also locally present on the ore

ROTIZON. . . o

Representative back-scattered electron images of zircons. A. felsic ash-lapilli tuff from the

Boomerang deposit; and B. felsic dyke from the Boomerang deposit. . . .....................

Potential fold-and-thrust model to explain the map distribution of units along A-A’ on Figure

Potential fold and thrust model to explain the map distribution of units along A-A’ on Figure
33. Note that the sedimentary unit to the far west on the section are herein interpreted to be

ca. 491 Ma versus 453 Ma as interpreted onthe map. . ... ... .. ... . L.
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ABSTRACT

The Tulks Volcanic Belt (TVB), of the Victoria Lake supergroup, central Newfoundland, is dominat-
ed by quartz % feldspar porphyritic felsic volcaniclastic rocks and lesser amounts of mafic volcanic rocks
and intercalated sedimentary rocks. The belt has traditionally been viewed as a single stratigraphic
sequence of ca. 498 Ma age, but recent geochronological studies imply that it may be composite and
include rocks as young as 453 Ma. These rocks developed in volcano-sedimentary basins developed in
active volcanic arcs on the peri-Gondwanan margin of the lapetus Ocean.

The belt is host to five important clusters of VMS deposits. From south to north, these include the
Boomerang, Tulks Hill, Tulks East, Daniels Pond and Bobbys Pond deposits, and a number of smaller
sulphide prospects. The major VMS deposits are hosted by felsic volcanic, pyroclastic and volcaniclas-
tic rocks. Mineralizing styles vary from ‘classic’ exhalative-type mineralization developed on the
seafloor, to ‘replacement’ style mineralization developed in a sub-seafloor environment. There are also
mineralized debris flow breccias, suggesting potential for transported ores. As such, the TVB contains a
continuum of VMS deposit types.

Volcanogenic massive sulphide deposits in the TVB are interpreted to have formed in volcanic, vol-
caniclastic and sediment-rich basins as tectonomagmatic conditions changed from convergent (e.g.,
active-arc environment) to extensional (e.g., back-arc or arc-rift) environments. The change from com-
pressional to extensional regimes would allow for active rifting, conduit formation, and high levels of
focused heat flow, which are ideal conditions for the development of large and productive hydrothermal
systems. The deposits display mineralization, alteration, and textural characteristics indicative of both
bimodal-siliciclastic type deposits, and deposits classified as ‘hybrid bimodal felsic VMS-epithermal’
deposits. These two types of deposits dominate the southern and northern parts of the belt, respectively.
The latter are intermediate to ‘classic’ VMS-type deposits and epithermal-type mineralization of the type
generally associated with subaerial volcanism. It is suggested that VMS deposits in the northern part of
the belt formed in a higher standing portion of the basin in relatively shallow-water conditions, proximal
to vents and active magmatic systems that may have supplied some fluid input. This is in contrast to a
deeper water, more distal environment envisioned for the deposits in the southern part of the belt.

To clarify their tectonostratigraphic affinity within the Victoria Lake supergroup and to better under-
stand these mineralizing environments, U-Pb geochronology, trace-element lithogeochemistry and
Sm/Nd isotopic geochemistry have been applied to the host rocks of all of the major VMS deposits in the
TVB. However, the absence of zircon in many sampled volcanic rocks complicated these geochronologi-
cal studies, and the exact age of host sequences to some deposits remains unknown. A subvolcanic por-
phyry from the Tulks Hill deposit, dated previously at 498 +6/-4 Ma, provides a minimum age for the
nearby Tulks Hill and Tulks East deposits; and was interpreted to be the age of all the TVB rocks. Two
new U—Pb zircon ages were obtained, one from the felsic tuff that hosts mineralization at the Boomerang
deposit and the other from a felsic dyke interpreted to be broadly synvolcanic. The combined TIMS and
SHRIMP data for these two samples indicate an identical U-Pb age of 491 + 3 Ma. This date is younger
than the 498 +6/-4 age from Tulks Hill, although the errors do overlap at their older and younger lim-
its, respectively. Inheritance patterns in the Boomerang samples suggest the presence of older crustal
material having Cambrian (514-510 Ma) ages, akin to those reported from the Tally Pond group, an
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older sequence within the Victoria Lake supergroup. The new geochronological results suggest that VMS
mineralization in the Tulks area and at Boomerang may represent temporally discrete events, despite
some apparent similarities. The age determined for the Boomerang deposit is closer to (but not identical
with) a U-Pb date of 488 + 3 Ma, obtained some 30 km to the southwest of the Boomerang deposit, from
the Pats Pond group. This suggests that the younger sequence of rocks may be regionally extensive, as
proposed by other workers, and implies that it may have potential elsewhere for VMS mineralization sim-
ilar to the Boomerang deposit.

The comparison of lithogeochemical patterns from the major deposits is complicated by the effects of
hydrothermal alteration near the VMS mineralizing environments. Nevertheless, examination of immo-
bile trace-element signatures suggests that the host sequences to the deposits, with the exception of the
Daniels Pond deposit, cannot be easily distinguished on the basis of their geochemistry. The volcanic and
pyroclastic rocks are all broadly arc-related, and show a mixture of calc-alkaline and tholeiitic signa-
tures that perhaps record the construction and later rifting of individual arc sequences. Nd-isotope sig-
natures from felsic rocks in the Boomerang area, the Pats Pond group, and one sample from the Bobbys
Pond deposit are higher (eNd of +3.8 to +5.5) than those from the Tulks Hill, Tulks East, and Daniels
Pond areas (eNd of around +2 to +3). Although not a straightforward correlation, as the volcanic rocks
that host the Tulks East and Tulks Hill deposits also locally contain higher eNd values of between +4 to
+35, the data may support a link between the Boomerang deposit area and the Pats Pond group, repre-
senting a possibly younger package of mineralized rocks. The new results, when taken with the results to
date, suggest that the tract of rocks known as the TVB includes rocks of more than one age, but of gen-
erally similar geochemistry and tectonic setting.
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J.G. HINCHEY

INTRODUCTION

PURPOSE AND SCOPE

The Victoria Lake supergroup (VLSG) in central New-
foundland has long been the focus of exploration activity
aimed at the discovery of volcanogenic massive sulphide
(VMS) deposits. The main areas of interest over the years
have been the Tally Pond Volcanic Belt (TPVB) and the
Tulks Volcanic Belt (TVB) as defined originally by Kean
and Jayasinghe (1980). In the TVB alone, exploration since
the 1960s has resulted in the discovery of six major VMS
occurrences, with the latest being the 2004 discovery of the
Boomerang deposit cluster by Messina Minerals Incorporat-
ed.

In response to renewed interest in the VLSG for base-
metal exploration, generated, in part, by the advancement of
the Duck Pond Mine project, the Geological Survey of New-
foundland and Labrador initiated a metallogenic study in
2002 aimed at documenting the nature and setting of the
known VMS occurrences throughout the VLSG. Early stud-
ies focused on the TPVB (e.g., see Moore, 2003; Squires
and Moore 2004), which hosts the Duck Pond Mine, where-
as the present study (2006-2008) was restricted to the TVB
and focused on deposit-level studies, relying heavily on dia-
mond-drill core for lithologic, metallogenic, geochemical,
and alteration studies, in addition to detailed mapping.

Field work in 2006 focused on the southern portion of
the TVB, extending from the southern tip of Red Indian
Lake south to the Pats Pond area (Figure 1). This portion of
the belt is host to significant VMS mineralization at the
Tulks East and Tulks Hill deposits, and the Boomerang
deposit cluster (Boomerang—Domino—Hurricane sulphide
lenses), as well as numerous VMS occurrences. The 2007
field season focused on the northern portion of the TVB,
with emphasis on well-defined VMS deposits, including the
Jacks Pond, Daniels Pond, and the Bobbys Pond deposits, as
well as several smaller prospects that have exploration
potential. Preliminary results from these investigations were
presented in a series of papers (Hinchey, 2007, 2008;
Hinchey and McNicoll, 2009) in addition to numerous oral
and poster displays that collectively form the basis for this
report. Significant outputs of this study include:

1) a detailed documentation of the six major VMS
deposits as well as minor occurrences in the TVB;

2) arevised classification scheme for these mineral occur-
rences;

3) documentation of the tectonostratigraphic settings of
the deposits and occurrences and host rocks;

4) documentation of alteration halos associated with the

VMS deposits;

5) radiogenic isotopic studies of the VMS deposits; and
6) geochronological data from the recently discovered
Boomerang deposit.

All areas of the TVB, including the mineral deposits
hosted therein are readily accessible by seasonally main-
tained logging roads from the towns of Millertown and
Buchans, with well-maintained gravel roads passing on both
sides of Red Indian Lake. Networks of abandoned forestry
roads crisscross the area giving excellent access by pickup
truck and all-terrain vehicles.

PREVIOUS WORK

The following is a brief summary of some of the more
pertinent work conducted in the TVB (Figures 1, 2, and 3)
since the late 1950s. It is not intended to represent a com-
plete history of work and studies in the area. For more com-
plete references to previous work the reader is directed to
Evans and Kean (2002) as well as to the numerous compa-
ny assessment reports that have been completed for the area.

The first regional mapping in the area was conducted by
Riley (1957), followed by Williams (1970) for the Geologi-
cal Survey of Canada. More detailed mapping by the New-
foundland Department of Mines and Energy followed
(Kean, 1977, 1979a, b, 1982, 1983; Kean and Jayasinghe,
1980, 1982; Kean and Mercer, 1981; Evans et al., 1994a, b,
¢). The area was the subject of recent investigations by the
Geological Survey of Canada as part of the Targeted Geo-
science Initiative (TGI) Red Indian Line project (e.g.,
Rogers and van Staal, 2002; Rogers et al., 2005, 2006; van
Staal et al., 2005; Lissenberg et al., 2005; and Zagorevski et
al., 2007a, b). The metallogeny of the VLSG was the subject
of several studies (Evans and Kean, 2002; Moore, 2003;
Squires and Moore, 2004). The Victoria Lake Group was
defined by Kean (1977) and Kean et al. (1981), and subse-
quently elevated to supergroup status by Evans and Kean
(2002), who summarized the geology, geochemistry, tecton-
ic setting, and VMS mineralization of the VLSG.

Much of the TVB occurs within the 1905 Anglo-New-
foundland Development Company (A.N.D.) charter lands,
in which the Newfoundland Government effectively granted
the Anglo-Newfoundland Development Company a 99 year
lease on exclusive timber, water and mineral rights to the
area. As such, the TVB was not under competitive staking
during this time interval. Numerous exploration projects
have been conducted in the area, many of which were
brought to the advanced exploration stage with diamond-
drilling programs. The earliest known exploration in the
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area occurred in 1905 at the Victoria Mine, where three shal-
low exploration development shafts were sunk on high-
grade chalcopyrite—pyrite outcrops. Several small stockpiles
of massive chalcopyrite—pyrite were extracted; portions of
which remain on site. It was not until the 1930s that the
prospect was drilled, with 38 diamond-drill holes being
completed as part of exploration programs prior to 1980,
resulting in the discovery of ore-grade material (Desnoyers,
1991). However, tonnage proved to be low and the massive
sulphides had poor continuity, thereby downgrading the eco-
nomic potential of the prospect. Another early exploration
program, by Asarco, consisting of prospecting, stream and
soil sampling, led to the discovery of the Tulks Hill deposit
in 1961 (Evans and Kean, 2002). Asarco conducted detailed
evaluation work on the prospect, eventually outlining a geo-
logical resource for the deposit. Abitibi-Price commenced
exploration near the southern end of Red Indian Lake in the
1970s, that led to the discovery of the Tulks East and the
Jacks Pond prospects in 1977 and 1980, respectively; ulti-
mately delineating three massive sulphide lenses at the
Tulks East deposit (Barbour and Thurlow, 1982). Following
up on lake-sediment geochemical surveys and detailed air-
borne EM surveys, Abitibi-Price discovered a large zone
with anomalous gold at the Midas Pond—Glitter Pond loca-
tion (Evans and Wilton, 2000). In 1985, BP Resources Cana-
da Ltd. acquired Abitibi-Price’s land holdings and mineral
rights to the TVB (excluding the area around the Bobbys
Pond deposit), and in 1989, following additional systematic
compilation, geophysical and geochemical surveys, and dia-
mond drilling, discovered the ‘Green Zone’ (i.e., the Curve
Pond showing) at the southern end of the TVB and the
Daniels Pond deposit in the northern TVB. However, BP
Resources Canada Ltd. suspended exploration activities in
the area in 1991 and put the property assets up for sale. In
1985, the Canadian Nickel Company Ltd. (Canico; a sub-
sidiary of INCO) optioned the ‘Victoria Property’, consist-
ing of the northern portion of the TVB including land
between the A.N.D. charter to the southwest and the Victo-
ria River to the northeast, encompassing the area around
Bobbys Pond. After a systematic exploration program, Cani-
co defined the Bobbys Pond VMS deposit. Noranda Mining
and Exploration acquired the mineral rights to the TVB in
1993 and continued work, including additional geophysical
surveys, mapping, surficial geochemistry and lithogeochem-
istry. This work resulted in several new discoveries includ-
ing the Roebucks, Cathys Pond, Parking Lot, Daniels Pond
extension, Bobbys Pond south and Sutherlands Pond

prospects in the northern TVB. Also, Noranda further eval-
uated the Tulks East deposit and the Curve Pond prospect in
the southern part of the belt with diamond drilling and
defined additional massive sulphides at Tulks East. Interest-
ingly, Noranda also examined the Boomerang alteration
zone (see below) and drilled several holes in this area. After
discovering alteration zones and stringer sulphides, they
intersected massive sulphides grading 0.46% Cu, 2.63% Pb,
7.4% Zn, 76.5 g/t Ag, and 0.67 g/t Au over 1.8 m (true thick-
ness) in hole GA-97-05 (Banville ef al., 1998; Noranda,
1998). This intersection forms part of the Domino VMS
deposit subsequently discovered by Messina Minerals in
2006 (Messina Minerals Inc. Press Release, February 27,
2006). In 1998, Noranda Inc. decided to put its central New-
foundland properties up for sale. From 1999 to 2006, the
southern TVB was explored by several companies, includ-
ing Tulks Resources (1999-2000), Windarra Resources
(2001), Mishibishu Gold Corporation (2002-2003), and
finally Messina Minerals Inc. (2004—present). During this
period, significant work was completed on the Tulks East
and Curve Pond prospects, in addition to the Midas Pond
gold prospect. In December, 2004, Messina Minerals Inc.
discovered the Boomerang VMS deposit. Subsequent work
has delineated two associated VMS deposits termed Domi-
no and Hurricane. Messina Minerals Inc. presently contin-
ues to explore the area in search of additional resources.
Subsequent to 1998, Kelmet Resources Ltd. took possession
of the northern part of the belt and began exploration activ-
ities. In 2002, Royal Roads Corporation (now Buchans Min-
erals Corp.) merged with Kelmet Resources and took over
the direction of the exploration program in the area.
Buchans Minerals Corp. continues to explore the area, with
a focus on expanding the resource at the Daniels Pond
deposit. The Bobbys Pond deposit in the northern part of the
belt was acquired by Mountain Lake Resources from INCO,
and Mountain Lake Resources has conducted resource defi-
nition work.

The numerous industry reports prepared over the years
on the TVB were invaluable sources of information for this
project. It should be noted that the reference to Noranda
(1998) includes data derived from many of the earlier com-
pany assessment reports. Recent NI 43-101 technical reports
on the Boomerang deposit (Dearin, 2006), the Bobbys Pond
deposit (Agnerian, 2008), and the Daniels Pond deposit
(Webster et al., 2008) also provide valuable overviews of
the geology and mineralization in the belt.
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REGIONAL GEOLOGY

SETTING WITHIN THE
APPALACHIAN OROGEN

The Dunnage Zone of the Newfoundland Appalachians
(Figure 1, inset) represents the vestiges of Cambro-Ordovi-
cian continental and intra-oceanic arcs, back-arc basins, and
ophiolites that formed in the Iapetus Ocean (Kean et al.,
1981; Swinden, 1990; Williams, 1995). The zone is bisected
by an extensive fault system (the Red Indian Line, RIL) into
a western peri-Laurentian segment (Notre Dame and Dash-
woods subzones), and an eastern peri-Gondwanan segment
(Exploits Subzone). The two main segments of the Dunnage
Zone are differentiated on stratigraphic, structural, faunal,
and isotopic characteristics (Williams et al., 1988). The RIL
separates the Buchans Group, and locally the Red Indian
Lake group (Rogers et al., 2005), which formed on the Lau-
rentian side of the lapetus Ocean, from the VLSG, which
formed on the Gondwanan side of the lapetus Ocean. Both
the Buchans Group and the VLSG are composite terranes
that include rocks of different ages and tectonic settings.The
deformation associated with final closure of the lapetus
Ocean during the Silurian (dated directly as syn- to post-
432 + 1.4 Ma; Zagorevski et al., 2007b), included thrusting
and folding that ultimately juxtaposed these originally geo-
graphically seperate volcanic belts.

Mapping by the Geological Survey of Newfoundland
and Labrador (GSNL) in the 1970s and 1980s (e.g., Kean,
1977; Kean et al., 1981; Evans and Kean, 2002 and refer-
ences therein) indicated that the TVB (see Figures 1, 2, and
3) represents the remnants of at least one of several bimodal
Cambrian to Ordovician volcanic-arc sequences. Together
with adjacent volcanic and sedimentary belts of variable tec-
tonic affinities, it belongs to the VLSG (Evans and Kean,
2002); broadly divided into the TVB (ca. 498 Ma), the Long
Lake Volcanic/Volcano-clastic Belt (ca. 505 Ma), and the
Tally Pond Volcanic Belt (ca. 515 Ma), with further subdi-
visions resulting from more recent work (see below). In
addition to the Cambro-Ordovician volcanic and volcani-
clastic rocks of the VLSG, there are also large areas of late
Precambrian (565-563 Ma) plutonic rocks (Evans et al.,
1990), which represent inliers of old basement, most likely
representing the Ganderia crustal block (e.g., van Staal et
al., 1998). Previous lithogeochemical studies, based largely
on subordinate mafic volcanic rocks, indicate that the VLSG
contains rocks of several distinct geochemical types repre-
senting different tectonic environments, e.g., active arc, arc-
rift, back-arc, and mature arc (see Swinden et al., 1989;
Evans and Kean, 2002).

Evans and Kean (2002) divide the VLSG into the north-
ern and southern terrains, separated by the Rogerson Lake
Conglomerate. The TVB, comprising part of the northern
terrain, is bounded to the north by the RIL and the sedimen-
tary and volcaniclastic rocks of the Harbour Round Belt
(e.g., Red Indian Lake group of Rogers ef al., 2005), and to
the south by a regionally extensive magnetic high anomaly,
representing the Roebuck’s Intrusive Suite and the mafic
volcanic rocks of the Long Lake belt.

The TVB covers an area of approximately 65 by 8 km,
trending from the northeast to southwest. It is broadly
defined as a bimodal volcano-sedimentary belt dominated
by felsic compositions and variable amounts of mafic vol-
canic rocks, and volcaniclastic and sedimentary rocks
derived from both felsic and mafic volcanic rocks. The most
common rock types of the TVB are light-grey to white,
quartz + feldspar porphyritic felsic to intermediate pyroclas-
tic rocks, massive rhyolite, and felsic to intermediate ash
tuffs, crystal tuffs, and lapilli tuffs, local bimodal breccias,
and minor subvolcanic porphyritic intrusions. Mafic vol-
canic rocks are subordinate and are dominated by fine ash
tuff, lapilli tuff, breccias, local pillow lavas, flows and
hypabyssal intrusions. Black shales, argillites and
greywackes are also locally abundant.

REGIONAL ALTERATION

The TVB experienced lower to middle, greenschist-
grade metamorphism and moderate to strong deformation.
The presence of well-developed, bedding-parallel regional
foliations, defined by the alignment of chlorite and sericite,
commonly obliterates primary textures. The stratigraphy
typically strikes northeast and dips steeply to the northwest,
and the belt is transected by shear zones and faults.

Alteration throughout the TVB can be divided into

three types, namely:

1) alteration associated with regional metamorphism,

2) regionally extensive, semiconformable, hydrothermal
alteration, and

3) hydrothermal alteration directly associated with the
massive sulphide lenses. Although the mineral assem-
blages for these overlap to some extent, their variable
intensities and distribution allow them to be differenti-
ated.

Alteration associated with regional metamorphism is
dominated by sericite—feldspar—silica—carbonate mineral
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assemblages. This regional alteration, although pervasive, is
typically only weakly developed. Fine-grained muscovite or
sericite is the most abundant alteration mineral and is asso-
ciated with all felsic to intermediate rock types throughout
the TVB, occurring as both a regional and local hydrother-
mal alteration product. Sericite occurs as fine dustings on
phenocrysts (particularily plagioclase) as well as fine-
grained wisps and disseminations in the matrix of the felsic
to intermediate tuffaceous rocks, and as rims or mantles on
plagioclase and quartz phenocrysts. Secondary feldspars
resulting from regional-scale alteration are dominated by Na
feldspar (albite) with lesser K-feldspar. The secondary
feldspars form overgrowths on, and also replace primary
plagioclase feldspar. Sericite commonly occurs as internal
flecks on secondary albite crystals and as alteration haloes
around the secondary feldspars. Quartz occurs as fine-
grained (um scale), locally polycrystalline, recrystallized
grains in the groundmass displaying undulose extinction,
whereas carbonate occurs as fine-grained (~0.1-0.5 mm)
porphyroblasts. Weak to moderate chlorite—sericite—quartz
alteration spatially associated with the bimodal sills is also
attributed to regional-scale alteration processes. Although
the regional alteration products are pervasive, and easily
identified in the relatively un-altered hangingwall rocks,
their identification in the footwall, and the immediate hang-
ingwall is much more difficult.

RADIOMETRIC AGES

All rocks within the TVB were originally considered to
be of similar age based on a 498 +6/-4 Ma U-Pb date of a
subvolcanic porphyritic intrusion, located close to the Tulks
Hill VMS deposit (Evans et al., 1990). This age was recent-
ly re-interpreted by using a weighted average of the
“"Pb/**Pb ages, versus the original linear regression tech-
nique, resulting in a slightly younger age of 496.5 + 1 Ma
(GR. Dunning, personal communication, 2008).

Recent mapping and geochronological studies through
the GSC TGI program (e.g., Rogers et al., 2005; van Staal et
al., 2005) interpret the TVB as a series of generally west-
ward-younging (with local complications) tectonostrati-
graphic units including the Tulks group (ca. 498 Ma), the
Pats Pond group (ca. 488 Ma), the Sutherlands Pond group
(ca. 462—457 Ma; Zagorevski et al., 2008; Dunning et al.,
1987), and the Wigwam Brook group (ca. 453 Ma; van Staal
et al., 2005; Zagorevski et al., 2007a). Although these
geochronological data have provided additional constraints
on the distribution of various units, some of the proposed
map patterns and tectonostratigraphic interpretations of the
TVB geology (e.g., Rogers et al., 2005; van Staal et al.,
2005; Zagorevski et al., 2007a) are different than those
inferred from the data otained during this study (see case
study on the Boomerang area below). Additionally,

geochronological data obtained from this study dated the
Boomerang VMS deposit at 491 Ma, which pose questions
as to which tectonostratigraphic package of rocks it occurs
in (see details in the U-Pb Section and discussion below).

COMPLICATIONS IN MAP
PATTERNS ARISING FROM
LIMITED OUTCROP

The TVB has been the subject of numerous mapping
programs, both from an industry perspective (e.g., Noranda,
1998; Delaney et al., 2001; Greene et al., 2001; Dadson,
2002) and a (provincial and federal) geological survey per-
spective (e.g., Kean, 1977, 1979a, b, 1982, 1983; Kean and
Jayasinghe, 1980, 1982; Kean and Mercer, 1981; Evans et
al., 1994a, b, c; Lissenberg et al., 2005; Rogers et al., 2005).
The paucity of outcrop in the TVB accounts for the numer-
ous and varied interpretations of distribution of geological
units. The lack of outcrop in the area demands a great deal
of interpretation and interpolation, and these variable map
patterns reflect different individual interpretations of the
same data.

Industry mapping has commonly been conducted at a
property scale and incorporates local-scale geophysical data
to assist interpretations. As such, these maps (e.g., Noranda,
1998 and references therein) provide excellent lithological
regional maps, effectively illustrating that the TVB consists
of a series of northeast—southwest-striking rock packages
dominated by felsic-intermediate, with lesser mafic, vol-
canic rocks, and variable amounts of intercalated graphitic
sedimentary rocks. Electromagnetic surveys have proven to
be very efficient in delineating graphitic sedimentary rocks
in the belt, and their presence is confirmed through field
mapping and diamond drilling. As such, industry maps serve
as excellent detailed lithological maps for the area. Howev-
er, they do not so readily portray the temporal relationships
because the TVB is dominated by felsic-intermediate vol-
canic rocks of essentially identical appearance at the macro
scale, which can only be unravelled by detailed, systematic
geochemical and geochronological studies.

Some of the earliest detailed regional mapping in the
TVB was conducted through the Newfoundland and
Labrador Department of Mines and Energy by Kean (1977,
1979a, b, 1982, 1983), Kean and Jayasinghe (1980, 1982),
and Kean and Mercer (1981), followed by Evans et al.
(1994a, b, c). This mapping outlined the distribution of
northeast—southwest-trending felsic volcanic rocks with
minor mafic volcanic rocks and sedimentary rocks. The
results of these earlier mapping projects have been com-
monly used as a starting point for industry surveys. Results
indicated that the TVB was composite, with young (ca. 463
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Ma) rocks identified in the Victoria River area of the north-
ern TVB (e.g., Dunning et al., 1987; see below), and older
rocks (ca. 498 Ma) in the Tulks Hill area.

The most recent regional mapping in the area was con-
ducted by the Geological Survey of Canada (GSC) as part of
the larger Targeted Geoscience Initiative (TGI) program
(e.g., Lissenberg et al., 2005; Rogers et al., 2005; and van
Staal et al., 2005). This program was successful in identify-
ing and outlining additional, informally defined, tectonos-
tratigraphic units within the TVB, largely based on U-Pb
geochronological ages obtained from the southern TVB.
This work, in conjunction with geochemical correlations,
demonstrated that the TVB is composed of composite ter-
raines (i.e., it consists of generally westward-younging
fault-bound volcano-sedimentary belts) with localized com-
plexities. Some of the complexities associated with map pat-
terns are not necessarily supported by the data (see case
study on map patterns in the Boomerang area of the south-
ern TVB below for details). The map patterns portrayed
through the GSC’s TGI program (e.g., Lissenberg et al.,
2005; Rogers et al., 2005; and van Staal ef al., 2005) build
upon, and broadly agree with, the distribution of rock types
and groupings proposed by earlier workers (Evans and
Kean, 2002 and references therein). However, the map pat-
terns locally vary significantly from the earlier works, espe-
cially with respect to the indication of regional-scale folds
defined by mafic volcanic rocks throughout the belt, as well
as with the positioning of Caradoc age volcanic units in the
middle of Tremadoc age volcanic rocks in the vicinity of
Pats Pond in the southern extent of the TVB and in the area
around the southern end of Red Indian Lake (e.g., Lis-
senberg et al.. 2005; Rogers et al., 2005; and van Staal et al.,
2005). This interpretation differs from the simpler, more lin-
ear northeast—southwest map patterns suggested by earlier
mapping. This variation in map patterns, representing a vari-
ation from a homoclinal model to a model requiring more

structurally complex (via thust stacks and folding/faulting)
stratigraphy, is discussed in more detail below and reflects
the difficulty in extrapolation from the few isolated outcrops
(especially in the case of the mafic volcanic rocks) to a
regional scale. It should be noted that the GSC’s TGI map-
ping program took more of a regional-scale tectonostrati-
graphic approach compared to the more localized lithologi-
cal-based approach outlined above.

Maps presented in Figures 2 and 3 of this paper, are
based on lithological rather than tectonostratigraphic rela-
tionships and were produced using site visits together with
data compiled from previous mapping and geophysical sur-
veys. From a tectonostratigraphic perspective, the subdivi-
sions defined by the recent GSC mapping have been mostly
maintained; however, in some cases the distribution of rock
types and local interpretation of units have been incorporat-
ed from more detailed mapping (e.g., Kean 1977, 1979a, b,
1982, 1983; Kean and Jayasinghe 1980, 1982; Kean and
Mercer 1981; Evans et al. 1994a, b, c; and others). The most
obvious differences between these maps and those of Lis-
senberg et al. (2005); Rogers et al. (2005); and van Staal et
al. (2005) are that they indicate linear rather than folded
map patterns for the mafic volcanics of the TVB, and they
map out and indicate the graphitic sedimentary rocks inter-
preted to be Cambro-Ordovician to Caradoc in age.

Although Figures 2 and 3 use the detailed property-
scale mapping and associated regional linear interpolations,
there is also local evidence supporting some of the folded
map patterns outlined by Lissenberg et al. (2005); Rogers et
al. (2005), and van Staal et al. (2005). These include local-
ly northwest-facing overturned stratigraphy at Daniels Pond
(see below), which is distinct from the regional southwest-
dipping stratigraphy, and the location of fold interference
patterns in the northern Victoria River area (e.g., Rogers et
al., 2005).
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VOLCANOGENIC MASSIVE SULPHIDE MINERALIZATION,
TULKS VOLCANIC BELT

INTRODUCTION AND DEPOSIT
CLASSIFICATION

All of the major mineral occurrences examined as part
of this study are included in the volcanogenic massive sul-
phide class of mineralization; however, there are significant
differences in settings and styles of formation.

Volcanogenic massive sulphide mineralization occurs
as polymetallic massive sulphide, lens-shaped accumula-
tions, which form from the focused discharge of metal-lad-
den fluids ommiting from submarine hydrothermal vents.
The fluids, dominated by sea water with variable magmatic
fluid components, are circulated by sub-seafloor hydrother-
mal convection cells through faulted country rocks, fueled
by high-heat flow regimes associated with subvolcanic
intrusions. Most VMS deposits form in extensional tectonic
settings associated with ocean spreading centres or vol-
canic-arc, rifted-arc and back-arc systems (e.g., see Franklin
et al., 2005; Galley et al., 2007 and references therein).
These tectonic regimes lead to fracturing and faulting of the
host rocks, that lead to enhanced permeability, which is
essential to focused fluid flow. The circulating oceanic
waters, heated by subvolcanic intrusion heat sources, effec-
tively leach metals and other components from the country
rocks, producing metal-enriched buoyant brines that are car-
ried up from deep-reaching syn-volcanic faults to the water-
seafloor interface, or in some cases just below the seafloor
interface. If prospective conditions exist, such as hydrother-
mal venting into a reduced, anoxic stratified water column,
or the presence of permeable strata that would allow for
shallow sub-seafloor metal replacement to occur as infill-
ings of primary pore space in autoclastic, volcaniclastic or
epiclastic successions below an impermeable cap rock, the
potential exists to form either an ‘exhalative’-type VMS
deposit or a sub-seafloor replacement type VMS deposit,
respectively (e.g., see Doyle and Allen, 2003; Franklin ef al.,
2005; Galley et al., 2007).

In addition to exhalative and replacement styles of for-
mation, VMS deposits have also been classified under sev-
eral different schemes (i.e., see Swinden, 1991; Barrie and
Hannington, 1999; Hannington et al., 1999; Franklin ef al.,
2005; and Galley et al., 2007). Most of the more-recent clas-
sification schemes divide VMS deposits on the basis of host
rock types and associated alteration assemblages. The most
commonly used classification scheme was proposed by Bar-
rie and Hannington (1999) with modifications by Galley e?
al. (2007). The classification scheme, from the chemically

most primitive to the most evolved, is illustrated in Figure 4
(from Galley et al., 2007) and includes: 1) mafic, 2) bimodal
mafic, 3) siliclastic mafic, 4) bimodal felsic, 5) bimodal sil-
iclastic, and 6) high sulphidation bimodal felsic dominated
deposit types. Only the last three types are interpreted to be
present in the TVB, and these will be briefly explained here-
in.

Bimodal-felsic Type

This deposit type is defined as having either >50% fel-
sic volcanic rocks, and/or 35 to 70% felsic volcaniclastic
rocks, and <15% siliclastic rocks in the host stratigraphic
succession; mafic volcanic rocks and intrusive rocks make
up the remainder. The felsic rocks are principally calc-alka-
lic, although transitional high-silica rhyolites to calc-alkalic
compositions are also common. The bimodal-felsic deposits
occur in compositionally more mature volcanic arcs, or rift-
ed volcanic arc settings compared to the bimodal mafic
deposits. These deposits are usually more Ag- and Zn-rich
than the other VMS types, and may contain barite.

Siliciclastic-felsic Type

This deposit type contains approximately equal propor-
tions of volcanic and siliciclastic rocks. Felsic volcanic
rocks are generally calc-alkalic, and mafic rocks typically
comprise less than 10 volume percent of the host rock
sequence. These deposits occur within continental arcs, rift-
ed arcs and back-arcs, and typically have the lowest Cu con-
tent and the highest Pb content of all the VMS deposit types.

High-sulphidation Bimodal-felsic Type

This deposit type is very similar to the bimodal-felsic
deposits in that the stratigraphy is dominated by felsic vol-
canic rocks with abundant volcaniclastic and sedimentary
rocks. The distinguishing characteristic of this deposit type
is that it contains alteration products that are typical of both
traditional high-sulphidation epithermal deposits as well as
typical VMS deposits. Aluminous alteration (e.g., kaolinite
group minerals, illite, pyrophyllite) are common and indi-
cate acidic conditions of formation.

In terms of the above described VMS classification
schemes, the TVB predominantly contains deposits of the
siliclastic felsic deposit type, although local examples of
bimodal-felsic and high-sulphidation bimodal felsic
deposits also exist. Volcanogenic massive sulphide accumu-
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Figure 4. Classification of VMS deposits on the basis of host-rock and alteration assemblages (after Barrie and Hannington,

1999; from Galley et al., 2007, Franklin et al., 2005).

lations in the TVB formed in both the seafloor exhalative
type setting, as exemplified by the presence of iron forma-
tions with associated sulphides (e.g., Curve Pond, Dragon
Pond, and Cathys Pond occurrences), and hangingwall vol-
caniclastic debris flows with massive sulphide clasts (e.g.,
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Daniels Pond deposit), as well as the sub-seafloor replace-
ment type setting (e.g., Boomerang deposit, Tulks East
deposit); with some instances where evidence of both types
of emplacement are recorded in single deposit systems (e.g.,
Boomerang).
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GEOLOGY AND VMS MINERALIZATION-SOUTHERN TULKS
VOLCANIC BELT

LOCAL GEOLOGY

The southern Tulks Volcanic Belt consists of various
felsic, intermediate and mafic volcanic rocks including ash
through to lapilli tuff and lapillistone/agglomerates, local
rhyolite flows, high-level (commonly amygdaloidal) dykes
and sills, sedimentary rocks (black shales, graphitic
argillites and greywacke), thin units of sedimentary exhala-
tive chemical sediments (i.e., iron formations), and subvol-
canic intrusions (Plate 1). The rocks have experienced sub-
greenschist-facies metamorphism and moderate to strong
deformation. Folding is common at the outcrop and drillcore
scale (Plate 2), but the paucity of outcrop makes identifica-
tion of larger folds difficult. Primary textures are usually
obliterated by well-developed, bedding-parallel, foliations
(S, and S,: Plate 2). Rock units typically strike steeply to the
northeast and dip northwest, and the prominent regional
foliation is defined by alignment of chlorite and sericite. The
belt is transected by numerous late shear zones and faults.

All of the rocks in the southern TVB were originally
considered to be of a similar age, based upon a date of 498
+6/-4 Ma from a subvolcanic intrusion in the vicinity of the
Tulks Hill deposit (Evans ef al., 1990). However, recent
mapping and geochronological studies by the GSC have
revised the stratigraphic nomenclature to define a series of
generally westward-younging tectonostratigraphic units
including the Tulks group (ca. 498 Ma), the Pats Pond group
(ca. 487 Ma), the Sutherlands Pond group (ca. 462 Ma:
Dunning et al., 1987), and the Wigwam Brook group (ca.
453 Ma: van Staal et al., 2005; Zagorevski et al., 2007a).
According to the maps based on their work, the VMS
deposits that are the focus of this report are interpreted to be
hosted within the Tulks (e.g., Bobbys Pond, Daniels Pond,
Tulks East, and Tuks Hill deposits) and Pats Pond (e.g.,
Boomerang deposit) groups (see section on Geochronology
below).

As the Pats Pond group is used later in this report for
comparative purposes with the host rocks to VMS deposits,
a brief description of the characteristic rock types is given.
As described by Zagorevski et al. (2007a), the Pats Pond
group is dominated by intermediate quartz-phyric and mafic
tuffs. The stratigraphically lowest unit within the group con-
sists of calc-alkaline pillow basalt overlain by feldspar +
quartz-phyric ash, crystal and lapilli tuffs. These are, in turn,
overlain by quartz-phyric andesitic tuffs, and the strati-
graphically highest portion of the group is dominated by
basaltic to andesitic ash tuff, lapilli tuff, and rhyolitic tuff.

From the base to the top, Zagorevski (2007a) subdivided the
group into six informal geochemical units, PP1 through to
PP6.

VOLCANOGENIC MASSIVE
SULPHIDE DEPOSITS

Massive sulphide deposits in the southern TVB are
dominantly associated with felsic volcanic rocks (ash- to
quartz + feldspar crystal tuffs and local rhyolite flows) host-
ed within sequences dominated by volcaniclastic, epiclastic
and sedimentary rocks. Abundant mafic and felsic sills
intrude epiclastic sedimentary rocks (argillite/wacke) within
the mineralized sequences, with both syn- and post-mineral-
ization varieties observed, suggesting a possible arc-rift or
back-arc basin tectonic setting for massive sulphide forma-
tion.

Three VMS deposit clusters occur in the southern TVB,
as well as numerous prospects and zones of alteration. From
south to north, these deposits are the Boomerang-Domino-
Hurricane cluster, the Tulks East, and the Tulks Hill
deposits. Volcanogenic massive sulphide mineralization is
typically associated with intense sericite—silica—pyrite alter-
ation, and less intense chlorite and carbonate alteration, and
is interpreted to have formed in sub-seafloor replacement
environments (see discussion below). Some of the prospects
are associated with intense chlorite alteration and chemical
sedimentary exhalative horizons (e.g., iron-formations).

A detailed discussion of the lithogeochemical signa-
tures associated with the host rocks of these deposits as well
as lithogeochemical signatures of the associated alteration
assemblages for each deposit is presented in the geochem-
istry section. A detailed analysis of the geochemistry of the
minor occurrences and outcrop samples collected during
this project are not presented in this report; however, all
sample descriptions and lithogeochemical data collected is
presented in Appendix 1A and 1B. All relevant drillhole
locations are given in Appendix 1C.

Boomerang—Domino—Hurricane
Deposit Cluster

Location
The Boomerang—Domino—Hurricane deposit cluster is

located toward the southern extremity of the Tulks Valley,
approximately 3 km northeast of Pats Pond and 17.5 km
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Plate 1. Common rock types of the southern TVB: A. Quartz porphyritic felsic volcanic; B. amygdaloidal basalt; C. quartz-
feldspar porphyritic felsic volcanic; and D. interbedded sediments.

southwest of the southern tip of Red Indian Lake (Figure 2).
The Boomerang—Domino—Hurricane deposit cluster con-
sists of three massive sulphide lenses; namely the
Boomerang, Domino, and Hurricane lenses. However, for
the purposes of this report, all of the massive sulphide lens-
es will be grouped together under the name “Boomerang
deposit” to simplify discussion.

Local Geology and Mineralization

The stratigraphic succession hosting the Boomerang
deposit consists of a series of felsic to intermediate volcanic
rocks (ash- and quartz + feldspar crystal tuff, lapilli tuff,
coarse-grained volcaniclastic conglomerate and breccia,
black argillite, siltstone, chert and black shale, felsic and
amygdaloidal mafic sills, and intermediate dykes (Plate 3)).
Massive, coherent rhyolite lavas are not recoginized at the
Boomerang deposit, which contrasts with the local abun-
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dance of rhyolitic flows at the Tulks Hill and Tulks East
deposits (see below).

Based on observed inter-fingering and ‘soft-sediment’
textures, and results from geochronology (see section on
U-Pb Geochronology below), most of the bimodal sills are
considered to be synchronous with the volcano-sedimentary
rocks (Plate 4); however, others are interpreted to be post-
deposition (e.g., see Figure 6). Well-defined fining-upward
sedimentary sequences (e.g., turbiditic sequences) are com-
monly seen in drillcore, and along with the bimodal sills
may suggest an arc-rift type environment (Plates 3 and 4;
Figure 5A). All these rock types, with the exception of some
of the late sills, are overprinted by strong northwest-dipping
foliations. The observation that some of the sills are foliat-
ed, whereas others are massive with little to no obvious foli-
ation, implies different ages for the sills, or alternatively
contrasting competences between sills. Although the lack of
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Plate 2. A. Folding in an outcrop of sedimentary rocks at
the Al Keats occurrence; B. Z, M and S folds in drillcore
from the Tulks West occurrence; and C. S; and S, foliations
in altered felsic volcanic rocks.

available outcrop hinders observation of regional-scale fold-
ing, local-scale isoclinal folding is commonly observed in
drillcore (Plate 30) and may provide an explanation for
some of the pinching and swelling recognized in the massive
sulphides, as indicated by varying thicknesses of massive
sulphide intersections.

The stratigraphy of the deposit is divided into a strati-
graphic hangingwall sequence, the mineralized horizon, and
the stratigraphic footwall sequence, as shown in Figures SA
and 6 and described by Squires et al. (2006) and Dearin
(2006). The geological interpretation depicted in Figure 6 is
the most current interpretation proposed by G. Squires
(Messina Minerals Inc. and P. Tallman (personal communi-
cation, 2008). The decametre-scale folding depicted in the
hangingwall is a new concept, and may prove very useful
for the future exploration of structurally thickened massive
sulphide horizons.

The hangingwall sequence consists of undifferentiated,
locally fining upward, felsic to intermediate volcaniclastic
and epiclastic rocks dominated by ash- and quartz + feldspar
crystal tuff, black shale, argillite, greywacke, chert, volcani-
clastic conglomerate/breccia, and bimodal, locally amyg-
daloidal, sills (Plate 3, Figure 5). Most of the sills contain a
weak to moderate foliation, suggesting that they are pre- to
syntectonic in origin, and geochronological evidence indi-
cates that at least some of the felsic sills are synvolcanic,
and hence syn-mineralization with the replacement-style ore
bodies at the Boomerang deposit. The tuffaceous rocks are
commonly capped by fine-grained black argillite and/or
shales. Geological interpretations of G. Squires (Messina
Minerals Inc.), suggest that large decameter-scale folding
has affected the hangingwall rocks. In this geological inter-
pretation, some of the felsic dykes in the hangingwall are
illustrated as linear bodies paralleling axial planal cleavage
in the hinges of folds, and as such must be post-deforma-
tional. Petrographically, the felsic to intermediate tuffs that
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Plate 3. Photographs of rock types, stratigraphy, mineralization and alteration from the Boomerang deposit; A. Intercalated
felsic tuffs and black argillite (locally sulphide bearing). Note the rip-up clasts of the argillite in the tuffs (DDH GA-05-021
@ ~420 m); B. Finely inter-laminated black argillite/greywacke and felsic ash-tuff. Note abundant overprinting pyrite (DDH
GA-05-021 @ ~370 m),; C. Pyroclastic felsic tuff with rip-up clasts of black argillite (DDH GA-05-021 @ ~420 m),; D. Het-
erolithic volcaniclastic breccia/conglomerate. This lithology is common and typically displays fining-upward relationships
where it grades into felsic tuff (DDH GA-04-011 @ ~25 m); E. Light-grey, medium-grained felsic sill. The sills occur in both
the hangingwall and footwall to the deposit and locally cut the massive sulphides (DDH GA-05-079 @ ~255 m); F. Amyg-
daloidal basaltic sill. Amygdules (filled with calcite) occur toward the tops of the sills suggesting a high-level of emplacement.
The sills have chilled lower contacts (DDH GA-97-05 @ ~285 m); G. Intercalated felsic tuff and black argillite immediately
overlying the ore horizon (DDH GA-05-021 @ ~510 m) and H. Mineralized black argillite (DDH GA-05-021 @ ~510 m).
Note that all diamond-drill core is NQ size (~47 mm in diameter).
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Plate 3. (Continued) Photographs of rock types, stratigraphy, mineralization and alteration from the Boomerang deposit: 1.
High-grade, massive sulphides (Zn—Pb—Cu). Note the abundant relic quartz crystals and preserved layering suggesting that
the sulphides invaded and replaced a crystal-rich tuff (DDH GA-04-011 @ ~279 m), J. Massive sulphides with coarse-grained
blebby pyrite porphyroblasts (DDH GA-04-011 @ ~278.5 m); K. Pyritic massive sulphides with quartz, the sulphides are
interpreted to have totally replaced the protolith (DDH GA-05-021 @ ~501 m), L. Massive sulphide replacing the heterolitic
felsic lapilli tuff footwall (DDH GA-04-011 @ ~288.5 m); M. Intensely sericitized felsic tuff in a stringer zone beneath the
massive sulphide horizon. Note the base-metal-rich composition of the stringers (DDH GA-04-011 @ ~305 m); N. Chaotic
carbonate alteration in footwall rocks (DDH GA-97-05 @ ~625 m); O. Sericitized and pyritized footwall felsic tuff. Note the
isoclinal folding of the pyrite stringer suggesting post-mineralization structural overprinting (DDH GA-04-011 @ ~310 m);
and P. Outcrop of massive barite (locally replaced by silica) in the footwall. Note that all diamond-drill core is NQ size (~47
mm in diameter).
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Plate 4. A. Interfingering contact relationship between felsic volcanic (left hand side) and an intermediate to mafic dyke (right
hand side) suggesting that both were emplaced synchronously (DDH GA-97-05 @ ~79 m); and B. Soft-sediment deformation
texture between a mafic sill (left) and an ash tuff (right) (DDH GA-04-11 @ ~205 m). Note that the diamond-drill core is NO

size (~47 mm in diameter).

dominate the hangingwall sequence consist of 0.5-2 mm
fractured and broken plagioclase crystals (~ 0-40 vol. %),
and <0.5—1 mm quartz crystals (~5-20 vol. %) in a very-fine
grained quartz and feldspar groundmass (Plate SA and B).
Albite locally occurs as small (~0.5 mm), partially resorbed
and altered porphyroblastic crystals; interpreted to be relat-
ed to regional, low-grade greenschist alteration (Plate SE).
All of the hangingwall samples collected are altered to some
degree with varying proportions of sericite—silica—chlo-
rite—carbonate alteration. The sericite, silica, and chlorite
typically occur as very fine-grained accumulations in the
groundmass, whereas the carbonate commonly occurs as
0.5-1 mm overprinting glomeroporphyrocrysts and euhe-
dral rhombohedral crystals. Intense alteration and base-
metal sulphide, as stringers and disseminations, are locally
present in the immediate hangingwall (see section below).

Footwall rocks consist of fine-grained, pyroclastic crys-
tal-ash tuffs with common base-metal stringer sulphides
(Plate 3L—0), with local lapilli tuffs and fine-grained sedi-
mentary rocks. As with the hangingwall stratigraphy, the
footwall sequence contains bimodal sills. The sills have
been affected by hydrothermal alteration and are interpreted
to be synvolcanic. The tuffs are extremely sericitized and
display an intense foliation and a local crenulation cleavage.
Isoclinal folding is manifest in the footwall tuffs as folded
sulphide stringers (Plate 30). This folding may be indicative
of regional-scale structural folding, as suggested for the
hangingwall rocks by G. Squires (Messina Minerals, per-
sonal communication, 2008). An outcrop of massive barite,
known from the early days of exploration, has been includ-
ed in the ‘footwall’ sequence (e.g., see Figure 6). However,
its location below the main ore zone, which is replacement
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in nature, is peculiar as barite is commonly inferred to rep-
resent an exhalative process. The data suggests that the
barite outcrop is either structurally juxtaposed, or it repre-
sents another favourable exploration horizon at a lower
stratigraphic level. The co-existence of black shales, that
typically denote a reduced anoxic environment, with barite,
that denotes an oxidized environment, are difficult to recon-
cile. Petrographically, the tuffaceous rocks that dominate the
footwall stratigraphy are very similar to those in the hang-
ingwall, but they have experienced more intense hydrother-
mal alteration and typically contain up to 10 vol. % dissem-
inated pyrite and massive sulphide stringers (Plate 6).

The mineralized horizon of the Boomerang deposit con-
sists of strongly altered pyroclastic felsic ash and crystal
tuff, as well as black shales, chert and argillite, all of which
are intimately associated with massive sulphide mineraliza-
tion (Plate 3G-L). The high temperature alteration predom-
inantly consists of sericite with lesser chlorite, carbonate
and silica alteration. The massive sulphides occur as several
lenses within the fine-grained tuffaceous and sedimentary
rocks, with the sedimentary rocks consisting of argillite,
shales and chert. Geometrically, the sulphide lenses dip
approximately 85° to the northwest and have slight plunges
from 0 to 15° southwest. The sulphides consist of fine- to
medium-grained banded and wispy intergrowths of red and
yellow sphalerite, chalcopyrite, galena, and pyrite (Plate 31).
Silicate gangue, dominanted by relict quartz crystals, com-
monly occur in the massive sulphides. Metal zonation is
apparent whereby the margins of the massive sulphide lens-
es are dominated by pyrite, the bases of the sulphide lenses
are enriched in Zn and Cu, Pb and Ag occur toward the core
of the lenses, and the tops of the lenses contain gold
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Portions of the hanging wall
stratigraphy are dominated by
amygdaloidal mafic sills that intrude
the felsic volcano-sedimentary units

Small zone of massive sulphide
(pyrite) within argillaceous, quartz +
feldspar porphyritic felsic tuff. The
sulphides occur within a series of
fining upwards volcano-sedimentary
rocks with abundant argillite
horizons and rip-up clasts

Immediate Hanging wall rocks:
Intensely altered (sericite and pyrite)
fine-grained felsic ashy/crystal-tuff
through to lapilli tuffs. Abundant
pyrite +/- base metal stringers
throughout increasing towards the
ore defining a “replacement-front”

Mineralized Zone: Semi-massive
pyrite with abundant quartz grades
into 100% massive sulphides (pyrite,
sphalerite, chalcopyrite, and galena)
with a banded appearance due to
recrystallization. Abundant quartz
crystals occur throughout

Footwall Alteration Zone:

Extremely altered (predominantly
sericite and pyrite +/- base metals)
and foliated felsic ash-crystal tuff.
Contains abundant semi-massive to
massive pyrite +/- sphalerite
stringers

Figure 5. A. Schematic drillhole stratigraphic column for DDH GA-04-11 (discovery hole) from the Boomerang deposit illus-

trating rock types and relations and alteration patterns.
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Plate 5. Photomicrographs of typical Boomerang hangingwall tuffaceous rocks. A and B. from sample JHC-06-172 illustrate
a quartz and feldspar phyric, crystal tuff with moderate sericite—quartz—carbonate alteration,; C, D and E. From sample JHC-
06-179 and also illustrate quartz and feldspar phyric, crystal volcaniclastic tuff with moderate sericite—quartz—carbonate
alteration, in addition to relict albite alteration attributed to regional metamorphism, F is from sample JHC-06-202 in the
immediate hangingwall and illustrates an intensely altered felsic tuff with sericite—carbonate—quartz alteration assemblages.
See Appendix 1A for sample location.
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Plate 6. Microscopic features of typical Boomerang footwall tuffaceous rocks displaying intense carbonate—sericite—silica—
chlorite alteration with disseminated to stringer-style sulphides. Samples JHC-06-184 (4) and JHC-06-185 (B). See Appen-
dix 1A for sample location.

enriched pyritic caps (Dearin, 2006; Tallman, 2006).
Coarse-grained porphyroblastic aggregates of pyrite occur
locally and are interpreted to represent re-crystallization
products (Plate 3J and K). Local concentrations of arsenopy-
rite and tetrahedrite (see Page et al., 2008) are associated
with some of the high-grade silver and gold intervals; an
association originally observed at the Domino massive sul-
phide lens.

Arecent NI143-101 compliant mineral resource estimate
for the Boomerang deposit returned an indicated resource of
1.36 Mt grading 7.09% Zn, 3.00% Pb, 0.51% Cu, 110.43 g/t
Ag, and 1.66 g/t Au (Messina Minerals Inc., Press Release,
June 21, 2007). An additional 0.7 Mt of inferred resources is
estimated for the Boomerang and Domino lenses.

Alteration

Distinguishing between regional, semiconformable
alteration, and local hydrothermal alteration related to VMS
mineralizing processes, is based upon the relative intensities
and extents of alteration. Regional hydrothermal alteration,
driven by the large-scale convection of seawater by the
emplacement of subvolcanic intrusions, is represented by
stratabound, weakly to moderately developed sericite—car-
bonate—silica—chlorite—pyrite alteration. There are a number
of examples of this type of alteration associated with the
known VMS occurences (see Unit 7 on Figure 2 and Unit 10
on Figure 3), and all are gradational with the felsic volcanic
dominated stratigraphies hosting VMS mineralization. In
the vicinity of the Boomerang deposit, this type of regional
hydrothermal alteration is developed over a strike length of
3-3.5 km. It should also be noted that the prospective altered
horizon associated with the Boomerang deposit is cut off by
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the Baxters Pond fault to the northeast (Figure 2). Hanging-
wall rocks at Boomerang commonly display evidence of
regional sub-greenschist to greenschist-facies alteration as
well as local hydrothermal alteration related to VMS forma-
tion. In contrast, the footwall rocks and mineralized horizon
rocks are dominanted by VMS-related alteration minerals.
The regional hydrothermal alteration in the hangingwall
tuffaceous rocks occurs as fine-grained wisps of sericite and
chlorite in the groundmass and as rims on feldspar and
quartz phenocrysts and resorbed albite, as fine-grained sili-
cified matrix, and ubiquitius overprinting carbonate alter-
ation. The hangingwall stratigraphy also displays minor
intervals of sulphide-bearing exhalative (?) sedimentary
rocks with alteration that is more intense than typical for the
hangingwall.

At Boomerang, VMS-related hydrothermal alteration is
recoginized in the footwall, hangingwall, and mineralized
horizon rocks. The distribution and extent of this alteration
is related to the geometry of the fault and fracture systems
along which the mineralizing fluids migrated as well as per-
meability and porosity contrasts within the volcanic succes-
sion. The immediate hangingwall rocks, dominated by ash
to felsic to intermediate crystal tuffs, display intense
sericite—carbonate—silica alteration (Plate 5F) with local sul-
phide stringer mineralization. The carbonate alteration
occurs both as a late-stage euhedral overprinting alteration
product (e.g., related to regional metamorphism) as well as
amorphous masses associated with silica alteration. The
intensity of the alteration in the hangingwall is one piece of
evidence supporting a sub-seafloor replacement style of
mineralization (see discussion below). Footwall alteration is
dominated by intense sericite alteration with local zones of
moderate to strong chlorite—silica—carbonate alteration and
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Plate 7. A, B and C. Microscopic features of Boomerang
footwall alteration. Note the intense and variable
sericite—carbonate—silica alteration with disseminated sul-
phides. Sample JHC-06-239. See Appendix 1A for sample
location.

locally sulphide stringer zones (Plate 7). Locally, zones of
intense hydrothermal carbonate—chlorite—quartz alteration
also occur, with carbonate forming ‘chaotic’ alteration pat-
terns reminiscent to those observed at the Duck Pond
deposit (Plate 3N; Squires et al., 2001). The vein-like, or
chaotic net-textured appearance of the carbonate suggests
that it formed via replacement mechanisms rather than by
precipitation on the seafloor. Local barite alteration has also
been observed in the footwall rocks, particularly in the foot-
wall to the Domino massive sulphide lense, where barium
concentrations reach levels greater than 1%. The mineral-
ized horizon displays similar alteration assemblages to the
footwall, dominated by sericite—carbonate—chlorite—silica,
with abundant base-metal-rich sulphide stringers. Base-
metal sulphide mineralization is commonly observed as
infillings and replacements within the intense carbonate
alteration.

Tulks Hill Deposit

Location

The Tulks Hill deposit is located in the Tulks River val-
ley, approximately 4 km south of the south end of Red Indi-
an Lake (Figure 2). The deposit crops out as a rusty zone on
the side of Tulks Hill and is visable from the Tulks River
valley (Plate 8), and it was explored through an adit, which
extends some 175 m into the hillside for the purposes of
bulk sampling.

Local Geology and Mineralization
The Tulks Hill deposit is hosted by quartz-phyric rhyo-

lite (Plate 1) and altered felsic to intermediate volcanic
rocks, dominated by blue quartz + feldspar-phyric crystal
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Plate 8. A. View of the Tulks Hill VMS system from the Tulks
River valley (looking east); B. schistose felsic volcanic

rocks; and C. footwall alteration in felsic volcanic rocks
from the Tulks Hill VMS deposit.

tuff and crystal lapilli-tuff. In addition to the felsic to inter-
mediate tuff and rhyolite, the stratigraphy also contains
mafic sills, black argillite and shale (Figures 7 and 8). Sub-
stantial work was conducted on the deposit by Moreton
(1984), Jambor and Barbour (1987), and exploration com-
panies.

The quartz-phyric rhyolites display well-preserved pri-
mary textures. Quartz crystals are rounded to teardrop-
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shaped and set in a groundmass dominated by fine-grained
recrystallized quartz and sericite (Plate 9), and also as par-
tially resorbed crystals. The felsic tuffaceous rocks contain
abundant broken quartz crystals in fine-grained,
quartz—sericite groundmass. Abundant overprinting biotite
is also commonly present in the tuffaceous rocks.

The deposit consists of four tabular massive sulphide
lenses, i.e., T1 to T4 (Figure 7), collectively containing 720
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Figure 7. Simplified geology map of the Tulks Hill deposit area illustrating rock types and alteration patterns (from Prominex
Resources Corp. web page; geology compiled from United Bolero).
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000 tonnes of massive sulphide, grading 5.6% Zn, 1.3% Cu,
2.0% Pb, 41 g/t silver and 0.4 g/t gold (Jambor and Barbour,
1987; Figure 7). Lenses T1, T2 and T3 crop out at surface
and are marked by gossan development, whereas lens T4
occurs only at depth. Some of the lenses may represent
structural repetitions of the same horizons due to isoclinal
folding suggested by Moreton (1984) and Saunders (1999).
In conjunction with the ubiquitous alteration both above and
below the ore horizon, this structural complication makes
definitive identification of the stratigraphic footwall versus
hangingwall difficult.

The massive sulphides are dominated by pyrite with
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sphalerite, galena, chalcopyrite, arsenopyrite, tetrahedrite—
tennanite and pyrrhotite present as accessory sulphide min-
erals (e.g., see Evans and Kean, 2002). Minor amounts of
non-sulphide gangue, including quartz, sericite, chlorite,
carbonate, albite and barite occur within the massive sul-
phides. Significant magnetite also occurs within the T1 and
T2 lenses and distinguishes the Tulks Hill sulphides from
other massive-sulphide bodies in the area. Although not
identified as part of this study, oxidation and supergene
alteration minerals, including digenite, covellite and angle-
site have been identified at the deposit (e.g., see Jambor,
1984).
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Plate 9. Photomicrographs of quartz-phyric rhyolite with
varying sericite—chlorite alteration (4 to D) and quartz-
phyric felsic tuff (E) from the Tulks Hill VMS deposit. A.
JHC-06-042; B. JHC-06-040; C. JHC-06-034; D. JHC-06-
037; E. JHC-06-051. See Appendix 1A for sample location.

27



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

Alteration

Alteration in the vicinity of the Tulks Hill deposit is by
local hydrothermal alteration, with little in the way of
regional metamorphic products preserved. However, the
albite in, and around, the Tulks Hill massive sulphide lenses
is interpreted to reflect regional metamorphism. Alteration
associated with the sulphide lenses has been observed over
a 2000-m-long zone (McKenzie et al., 1993). Prominent
sericite, chlorite, pyrite and silica alteration occurs within
the host felsic quartz-crystal tuff and quartz-phyric rhyolite
in proximity to the sulphide lenses. Alteration and related
stringer mineralization are present in both the hangingwall
and footwall, and suggest emplacement via a replacement
process (Kean and Evans, 1986).

Tulks East Deposit

Location

The Tulks East deposit is located near the southern tip
of Red Indian Lake (Figures 1 and 2), approximately 53 km
southwest of the town of Millertown.

Local Geology and Mineralization

The stratigraphy hosting the Tulks East deposit consists
of altered felsic to intermediate volcanic rocks including
ash- and quartz + feldspar crystal tuff, lapilli tuff, coarse-
grained volcaniclastic conglomerate and breccia, quartz-
phyric rhyolite flows and local basaltic sills (Plate 10). Fin-
ing-upward sequences are commonly observed within the
host volcaniclastic rocks. The footwall stratigraphy consists
mainly of felsic crystal and lapilli tuffs with lesser amounts
of rhyolite, minor conglomerate and lapillistone, mafic tuffs,
and intermediate to mafic amygdaloidal sills (Figures 9A,
and 10). Mineralization occurs toward the top of this
sequence, and is immediately overlain by felsic tuff and rhy-
olitic flows, followed by a thick sequence of intercalated
graphitic argillite and mafic to intermediate high-level sills
and dykes. The Tulks East fault is developed within the
argillic sequence, and affects a zone averaging about 20-30
m thick (Figures 9A and 10). In some drillcores, the footwall
to hangingwall transition is intact, i.e., not faulted (Plate
10B), and suggests that the footwall and overlying graphitic
argillite represent a primary stratigraphic succession (e.g.,
implication is that the graphitic sediments are Tremadoc in
age). This interpretation is indirectly substantiated by the
presence of a Tremadoc conodont recovered at the Jacks
Pond deposit, approximately 10 km to the northwest of the
Tulks East deposit (¢f- Kean and Evans, 1988). The hang-
ingwall rocks above the graphitic argillite consist predomi-
nantly of mafic to intermediate sills and lesser amounts of
quartz-phyric felsic volcanic rocks.
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Petrographically, the tuffaceous rocks at the Tulks East
deposit are similar to those at the Tulks Hill deposit. The
crystal tuffs are well foliated and contain 5-25 vol. %, 0.5-5
mm quartz crystals with rare feldspar crystals. The tuffa-
ceous rocks differ from those hosting the Boomerang
deposit in that quartz phenocrysts predominate over feldspar
at the Tulks East deposit. The quartz-phyric rhyolites dis-
play well-preserved primary textures including partially
resorbed and embayed quartz crystals within a fine-grained,
recrystallized quartz and sericite groundmass (Plate 11). The
resorption textures suggest that the quartz phenocrysts were
unstable in the melt prior to its solidification, being perhaps
related to increased melt temperatures related to mafic
magma influx.

To date, this deposit represents the largest accumulation
of massive sulphide mineralization in the TVB with three
massive sulphide lenses (the A, B, and C zones) totaling
~5.6 million tonnes (Barbour and Thurlow, 1982); all three
lenses are tabular and are open at depth. The lenses were
originally determined to dip 70° to the northwest and plunge
45° to the north (e.g., Barbour and Thurlow, 1982). Howev-
er, recent diamond drilling by Messina Minerals Inc. sug-
gests that the A Zone actually lies much closer to the surface
than would be expected by such geometry (Messina Miner-
als Inc., Press Release, October 26, 2006).

The massive sulphides consist of medium- to coarse-
grained pyrite, intergrown with lesser amounts of pyrrhotite,
sphalerite, galena and chalcopyrite (Plate 10E-G). Non-sul-
phide gangue minerals are dominated by quartz and lesser
amounts of sericite, chlorite and carbonate. The A-Zone lens
is the largest zone with ~4.5 million tonnes of massive sul-
phide (~2% base metals (Zn+Cu+Pb)); however, the small-
er B Zone (~0.23 million tonnes) has much higher grade
(~8.7% Zn, 0.66% Cu, 1.26% Pb, 58.7 g/t Ag, and 0.14 g/t
Au; Barbour and Thurlow, 1982). The C Zone contains
approximately 1 million tonnes of low-grade pyrite domi-
nant massive sulphide.

Although Tulks East deposit was historically inferred to
be dominated by low-grade, un-economic pyritic sulphides,
recent work indicates exploration potential for the down-
plunge extension of the A-Zone lens (e.g., Tallman, 2000;
Messina Minerals Inc., Press Releases, October 27, 2005
and August 1, 2006). Structural re-interpretations of the
deposit suggest that the B Zone, which typically sits ~15 m
above the A Zone, is a fault offset of the down-plunge exten-
sion of the A Zone (Messina Minerals Inc., Press Release,
October 27, 2005). Additionally, similar hangingwall and
footwall stratigraphies of both sulphide lenses, as
recoginized through detailed drillhole re-logging during this
project, support this interpretation. The A Zone has good
potential for higher grade base metals at depth, as indicated



J.G. HINCHEY

Plate 10. Photographs of rocks types, mineralization, and alteration at the Tulks East deposit. A. Banded greywacke and black
argillite (locally graphitic) (DDH TE-99-04 @ ~185 m); B. contact of graphitic argillite with felsic volcanics (note Tulks East
Fault) (DDH TE-99-04 @ ~220 m), C. hangingwall quartz-eye phyric felsic tuff; note intense sericite/pyrite alteration (DDH
TE-99-03 @ ~337 m); D. hangingwall felsic volcanics; note intense pyrite/sericite/chlorite alteration (DDH TE-99-04 @
~234 m); E. Zn-rich massive sulphide; note relict quartz-crystals and post-mineralization folding (DDH TE-99-04 @ ~246
m); F. Cu-rich Tulks East massive sulphide (DDH TE-99-04 @ ~241 m); G. pyritic sulphide keel of the Tulks East A-Zone ore
body (DDH TE-99-04 @ ~258 m), and H. intense chlorite/sericite/pyrite alteration of footwall felsic volcanics (DDH TE-99-
04 @ ~267 m).
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Figure 9. A. Graphic drill log for DDH TE-99-04 from the Tulks East deposit. The hole intersected the A-Zone massive sul-
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Figure 10. Cross-section through the Tulks East deposit (from Noranda 1998).

by the fact that both base-metal contents and the intensity of
chloritic alteration increase down-plunge (e.g., to the north-
east). For example, DDH TE-05-86, a 100-m step-out from
previous drilling, intersected 7 m of 6.2% Zn, 0.4% Cu,
0.3% Pb, 19 g/t Ag, and 0.3 g/t Au (Messina Minerals Inc.,
Press Release, October 27, 2005). The deeper portions of the
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A Zone may be more vent proximal. Mineralization within
the down-plunge extensions of the A Zone appears to have
typical VMS base-metal zonation with a massive pyritic
upper blanket close to surface, Zn- and Cu-bearing sul-
phides in the core of the sulphide lens, and a basal pyritic
keel at depth. This pattern is illustrated well by a geochem-
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Plate 11. 4 and B. Quartz crystals within a fine-grained recrystallized quartz and sericite matrix from a rhyolitic facies at the
Tulks East deposit. Note the delicate resorption textures occuring as embayments within the quartz crystals, indicative that
the quartz phenocrysts were unstable in the melt prior to its solidification. Both photomicrographs are from JHC-06-022; see
Appendix 14 for sample location.

ical profile through the sulphide zone in hole TE-99-04,
shown in Figure 9a (after Tallman, 2000).

Alteration

All of the rocks in the vicinity of the Tulks East deposit,
as with all rocks in the TVB, experienced regional sub- to
greenschist-facies metamorphism. This results in regional,
weakly developed, sericite—silica—chlorite alteration assem-
blages.

The Tulks East deposit is hosted by sericite—silica—
pyrite altered felsic volcanic rocks and, locally chlorite—car-
bonate altered felsic ash- and crystal tuff and lapilli tuff,
quartz-phyric rhyolite flows and local basaltic sills. Both the
hangingwall and footwall have undergone hydrothermal
alteration and contain stringer-style sulphide mineralization,
within an alteration envelope that extends approximately
1600 m along strike, 200 m in width, and at least 400 m
down dip (McKenzie ef al., 1993; Noranda, 1998). The pres-
ence of intense hydrothermal alteration and sulphide
stringers, in both the hangingwall and footwall stratigraphy,
suggests a replacement process for mineralization (e.g., Fig-
ure 9B, Hinchey, 2007).

The regional hydrothermal alteration defines a penetra-
tive foliation, with sericite and chlorite occurring along the
foliation planes. As outcrop around the deposit is limited,
and the hangingwall stratigraphy is cut by the Tulks East
fault and more mafic rocks, the bulk of the hydrothermal
alteration observed is attributed to local alteration associat-
ed with the VMS formation. The hangingwall felsic tuffs
and rhyolitic rocks contain weak to moderate sericite—chlo-

rite—pyrite alteration with weak silicification. The footwall
felsic volcanic rocks commonly display more intense
sericite—chlorite—silica—carbonate—pyrite alteration. Zones
of alteration with intense black-chlorite and pyrite, as well
as zones of intense silica—pyrite alteration, are common in
the footwall (e.g., Plate 10H).

Other VMS Occurrences/Prospects

In addition to the above-described massive sulphide
deposits, numerous other VMS prospects and occurrences
and areas with VMS-style alteration occur throughout the
southern TVB (Figure 2). The prospects can be divided into
three main types based on the type of mineralization:

Group 1: Coarse-grained, disseminated to semi-massive
pyrite with minor base metals associated with chloritized
felsic/intermediate (?) volcanic rocks (e.g., Middle Tulks, Al
Keats and the Curve Pond prospects).

Group 2: Chalcopyrite and pyrite stringers with anom-
alous arsenopyrite within chlorite—sericite—silica—pyrite
altered felsic (to intermediate?) volcanic rocks (e.g., Tulks
West and Mug-up prospects).

Group 3: Massive sulphides (locally base-metal
enriched with local anomalous (secondary?) arsenopyrite)
associated with exhalative ferruginous sediments (e.g., the
main Curve Pond and Dragon Pond prospects).

Group 1

This group includes the Middle Tulks, Al Keats, and a

33



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

Plate 12. Chlorite alteration with semi-massive pyrite at the
Middle Tulks VMS showing. Note the variable habit of the
pyrite (e.g., coarse cubes and fine-grained semi-massive
disseminations). Host rock is interpreted to be intermediate
volcanic rocks.

portion of the Curve Pond prospects. The zones of mineral-
ization and alteration consist of intensely chloritized felsic
to intermediate volcanic rocks with coarse- (e.g, ‘Buck-shot
type’) to fine-grained disseminated pyrite and subordinate
base-metal sulphides (Plate 12). Silica—sericite alteration is
developed on a local scale.

The Middle Tulks prospect (Figure 2, Plate 12), discov-
ered by Messina Minerals Inc. during 2005, is located
between the Tulks East and Tulks Hill deposits. Although
predominantly pyritic, selective grab samples have assayed
0.3% Cu, 0.6% Pb, 1.9% Zn, 47 g/t Ag and 0.3 g/t Au
(Messina Minerals Inc., Press Release, October 27, 2005).
The intense chloritic alteration and disseminated to semi-
massive pyrite is identical to that at the Al Keats prospect
located to the south. The Al Keats prospect contains abun-
dant interbedded black argillite and greywacke (Plate 1D).
Mineralization at this prospect returned grades reaching
4.68% Zn and 1.5% Cu from grab samples, and 0.3% Zn
over a 2 m channel (e.g., Noranda 1998). The relative loca-
tion of these prospects along with similarities in alteration
and mineralization style suggest that all three may lie on a
common horizon; one that may be stratigraphically below
that of the Tulks Hill and Tulks East deposits.

Group 2

Prospects within this group include the Tulks West and
Mug-up prospects. The Tulks West prospect was discovered
by Asarco through follow-up work after the Tulks Hill dis-
covery, whereas the Mug-up prospect was discovered by D.
Evans and B. Kean during mapping in 1988. Both prospects
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Plate 13. Stringer of semi-massive arsenopyrite, chalcopy-
rite, and pyrite cutting felsic-intermediate volcanic rocks of
the Tulks West showing (DDH TW-02-01 @ ~91 m). Note
that the diamond-drill core is BQ size (~36.5 mm in diame-
ter).

are predominantly composed of chlorite, sericite, silica, and
locally carbonate-altered felsic to intermediate (?) volcanic
rocks and associated stringers and disseminations of pyrite,
chalcopyrite, arsenopyrite, and local sphalerite and galena
(Plate 13). Diamond drilling in the Tulks West area inter-
sected footwall-style stockwork sulphide mineralization and
associated minor base metals.

Group 3

Prospects included in this group consist of the ‘exhala-
tive-type’ Curve Pond and Dragon Pond VMS prospects.
Unlike most of the deposits described above, these have fer-
ruginous sedimentary horizons (i.e., iron-formation) associ-
ated with massive sulphides (Plate 14). This spatial associa-
tion likely indicates a genetic link between the two.

The Curve Pond prospect, located southeast of the
Boomerang deposit (Figure 2), was discovered in 1990 by
BP geologists following detailed mapping and exploration.
Iron formation associated with the Curve Pond VMS hori-
zon has been traced, in outcrop and drillcore, for approxi-
mately 10 km, and has a minimum recoginizable thickness
of a few metres and a maximum thickness of 70 m based on
drillcore intersections (Noranda, 1998; Messina Minerals
Inc., Press Release, September 18, 2006). At the Curve Pond
prospect, iron formation immediately overlies a massive sul-
phide horizon, which is about 4 m thick (dominated by
pyrite with a 10-cm-thick band of zinc-rich sulphides) and
130 m long. Intensely sericite—silica altered quartz-feldspar
phyric felsic volcanic rocks comprise the footwall to the
massive sulphides. Grab samples by Noranda in 1993 from
the main part of the showing returned assays up to 26% Zn
and 1.2% Pb (Noranda, 1998). Sulphides vary from massive
pyrite = pyrrhotite to ‘layered’ pyrite with lesser pyrrhotite,
chalcopyrite, sphalerite, and galena (Plate 14).
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Plate 14. A. Dragon Pond mineralized horizon; note the
change in rock types down-hole from black shales/argillite,
into felsic lapilli tuff, into iron-formation, down into serici-
tized felsic lapilli-tuff (DDH DRP-96-07 @ ~325 m); B.
banded massive sulphides (Zn—Pb—Cu) from the Curve
Pond showing; note the abundant quartz crystals and frag-
ments in the massive sulphide (DDH CVP-02-02 @ ~38 m);
and C. massive pyrite and pyrrhotite at the Curve Pond
showing (lower) (DDH CVP-02-01 @ ~32.5 m), note the
banded greywacke and chert, which may be a facies of the
iron-formation; note that the diamond-drill core is BQ size
(~36.5 mm in diameter).

The Dragon Pond massive sulphide horizon was dis-
covered by diamond drilling by Noranda in 1995. The
favourable horizon is sandwiched between sericite—silica—
pyrite altered quartz-feldspar felsic volcaniclastic rocks in
the footwall and, locally ferruginous, sedimentary rocks
(Plate 14). This prospect sits on a horizon that is clearly dis-
tinct from that of the Tulks Hill and Tulks East deposits.
Although no significant base metals have been recoginized,
the large footprint of favourable alteration and the presence
of iron formation, suggest exploration potential in this area.

The presence of these mineralized horizons in associa-
tion with chemical exhalative rocks (iron-formation) at
Curve Pond and at Dragon Pond is significant in that the
geological environment is analogous to that which hosts
massive sulphide deposits of similar age in the Bathurst
Mining camp of New Brunswick (Goodfellow and
McCutcheon, 2003, and references therein).
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GEOLOGY AND VMS MINERALIZATION-NORTHERN TULKS
VOLCANIC BELT

LOCAL GEOLOGY

Although all rocks within the northern TVB were initially
considered to be part of the TVB by Kean (1977, 1979a, b,
1982, 1983), it was recognized from an early stage that vol-
canic activity was diachronous, and spanned a time period
of at least 498 +6/-4 to 462 +4/-2 Ma (Dunning et al., 1987;
Evans et al., 1990). The relatively young ages from the ‘Vic-
toria Bridge Sequence’ (Dunning et al., 1987), as well as the
regional distribution of the graphitic Carodoc shale, provide
a clear indication that more than one volcanic group of rocks
occurs in the northern TVB, but the lithological similarities
make differentiation of these difficult. It was suggested that
the variation in ages represents either a major structural or
stratigraphic break in the area. Following up on this idea,
more recent mapping and geochronological studies by the
GSC have revised stratigraphic nomenclature to define a
series of generally westward-younging tectonostratigraphic
units in the area including the Tulks group (ca. 498 Ma), the
Sutherlands Pond group (462457 Ma; Dunning et al., 1987
and Zagorevski et al., 2008), and the Wigwam Brook group
(ca. 453 Ma; Zagorevski et al., 2003; Rogers et al., 2005;
van Staal et al., 2005). There may yet be further complica-
tions amongst these monotonous rocks. From an exploration
perspective, base-metal mineralization can occur within any
of these tectonostratigraphic units (see
http://gis.geosurv.gov.nl.ca/), although it is possible that the
styles of mineralization may vary amongst them.

The northern TVB (Figure 3) contains a wide variety of
rock types, dominated by felsic, intermediate, and mafic
volcanic rocks including ash tuff, lapillistone, agglomerates,
massive to flow- banded rhyolite, and rhyolite breccias with
local, commonly amygdaloidal, dykes and sills. Sedimenta-
ry rocks are also present and include black shale, graphitic
argillite, greywacke, and iron formation. The region also
contains intrusive bodies, which are generally interpreted to
be synvolcanic. The northern TVB has undergone moderate
to strong deformation, and sub-greenschist to greenschist-
facies metamorphism throughout. Although local-scale
structures are commonly observed, the paucity of outcrop
impedes identification of regional-scale structures (see Dis-
cussion below on Daniels Pond). However, geophysical data
have aided in the identification of some of the regional
structures. Primary textures are usually obliterated by well-
developed, bedding-parallel, foliations. Rock units typically
strike steeply to the southwest-northeast and dip to the
northwest, with a prominent regional foliation defined by
the alignment of chlorite and sericite. The belt is transected
by late shear zones and faults with variable orientations.
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VOLCANOGENIC MASSIVE
SULPHIDE DEPOSITS

Volcanogenic massive sulphide mineralization in the
northern TVB is characteristically associated with felsic vol-
canic rocks including ash- and quartz + feldspar crystal tuff,
rhyolite, rhyolitic breccias, volcano-sedimentary debris-
flow deposits, with lesser mafic volcanic rocks, hosted with-
in epiclastic sedimentary basin(s). The abundance of locally
amygdaloidal bimodal sills, which are broadly synchronous
with the volcano-sedimentary sequence, suggests a possible
arc-rift or back-arc basin tectonic setting (see section on
Geochemistry below). Such a setting would likely be highly
variable on a local scale, and this is reflected in the varied
styles of mineralization (see below).

Two important VMS deposits occur within the northern
TVB, as well as numerous other prospects and zones of
alteration. The most important VMS deposits are the Daniels
Pond and Bobbys Pond deposits (Figure 3). Mineralization
at these deposits is associated with intense sericite—silica—
pyrite alteration and less well-developed chloritic alteration
and minor illite and halloysite alteration. The mineralization
is thought to have formed in both exhalative as well as sub-
seafloor replacement environments (see discussion below).

Daniels Pond Deposit
Location

The Daniels Pond deposit is located on the southeast
side of Red Indian Lake in the vicinity of Harbour Round
(Figure 3).

Local Geology and Mineralization

The Daniels Pond deposit is hosted by a sequence of
intermediate to mafic ash- and crystal- to lapilli tuff affect-
ed by sericite—silica—pyrite and minor aluminous (halloysite,
illite) alteration, and local chlorite—carbonate alteration
(Figures 11, 12 and Plate 15). Intense alteration in the vicin-
ity of the deposit (see below) makes identification of the
original rock type difficult. Unlike many of the other
deposits in the belt, the immediate stratigraphic footwall is
dominated by mafic to intermediate volcanic and volcani-
clastic rocks, although the surrounding rock types in both
the hangingwall and along strike are dominated by felsic
volcanic rocks (Figures 11 to 13). The host rocks are steeply
dipping, and based on the observed grading in epiclastic
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Figure 11. Geology of the Daniels Pond deposit (from Evans and Kean, 2002; modified after McKenzie et al., 1993).

rocks, the sequence is interpreted to be overturned to the
northwest. The stratigraphic footwall rocks, sitting struc-
turally immediately above the ore horizon, consist of
intensely altered intermediate to mafic ash- to lapilli tuff,
and intermediate to mafic amygdaloidal sills. The strati-
graphic hangingwall (structural footwall) consists of debris
flows containing quartz-phyric felsic volcanic, fine-grained
argillite, and massive sulphide clasts (Plate 15B). The pres-
ence of sulphide clasts within the debris flow may suggest
an exhalative origin for much of the mineralization. The
remainder of the stratigraphic hangingwall sequence con-

sists of variably altered intermediate to felsic ash, lapilli tuff,
and associated epiclastic sedimentary rocks. The proportion
of sedimentary rocks (dominantly graphitic argillite and
greywacke), as observed in drillcore, increases substantially
toward the northeastern portion of the deposit, in the vicini-
ty of a pyrite-rich lens of the deposit.

The mafic to intermediate volcanic and epiclastic host
rocks are intensely altered to sericite—silica—carbonate—chlo-
rite—pyrite, and little, if any, of the original minerals are pre-
served. Locally, relict plagioclase crystals (~0.5 mm) are
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Figure 12. Cross-section through the Daniels Pond deposit (from Noranda, 1998). Section A-B is located on Figure 11.

partially preserved, as well as occasional quartz crystals
(0.1-0.5 mm; Plate 16), all sitting in a groundmass of fine-
grained sericite and microcrystalline quartz. The presence of
quartz phenocrysts (0.1-0.3 mm) in some samples (Plate
16D) suggest that the original rock type could have been
more felsic or intermediate than mafic; however, geochemi-
cal analysis indicates that the bulk of the samples are actu-
ally intermediate to mafic in composition (see section on
Geochemistry below). In some instances, quartz phe-
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nocrysts display resorption textures, suggesting that they
were unstable in the melt prior to its crystallization. The lat-
ter may indicate an andesitic flow mechanism of emplace-
ment rather than a pyroclastic or water-lain emplacement
process.

Massive sulphide mineralization at Daniels Pond is
contained within two lenses, i.e., a pyrite-dominant, (weak-
ly base-metal-rich) lens to the northeast and a base-metal-
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Plate 15. Photographs of Daniels Pond deposit stratigraphy, alteration, and mineralization, A. Daniels Pond massive sulphide
deposit exposed in surface trench; note massive sulphide at the arrow; B. massive sulphide clast (at arrow); C. folded mas-
sive sulphides exposed by trenching; D. base-metal-rich massive sulphide; note the altered felsic clasts (DDH DN-02-02 @
~193 m); E. intense chlorite—clay—aluminous alteration in the immediate FW to the deposit (DDH DN-07-053 @ ~104 m);
intense chlorite suggests that the mineralization was vent proximal; and F. intense sericite—clay—aluminous alteration in a
stringer zone to the deposit (DDH DN-02-10 @ ~132 m), note that the diamond-drill core is NQ size (~47 mm in diameter).
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Figure 13. A. Graphic drill log for DDH DN-02-02 from the
Daniels Pond deposit illustrating rock types and relations
and alteration patterns. Note that stratigraphy is interpret-
ed to be overturned.

rich lens to the southwest (Royal Roads Corp. website). The
massive sulphide lenses are confined to a narrow belt of
highly strained rocks trending north-south. The sulphides
have been structurally modified (Plate 15C) and show tec-
tonic banding and recrystallized sphalerite, chalcopyrite,
galena and pyrite. The base-metal-rich sulphides consist of
sphalerite—galena—pyrite+chalcopyrite, in which steeply
plunging isoclinal folds are observed (Plate 15C). The pres-
ence of coarse-grained pyrite, which overprints banded sul-
phides, indicates extensive recrystallization. Gangue miner-
alogy is variable with a mixture of quartz—carbonate+tbarite
distributed throughout the lenses (see also McKenzie et al.,
1993; Noranda, 1998). The ore in the northern lens is dom-
inated by fine-grained pyrite with fine-scale tectonic (?)
banding. Quartz-carbonate veinlets commonly infill cross-
cutting fractures and locally contain minor remobilized cop-
per mineralization in the form of chalcopyrite.

The exposures at Daniels Pond provide an illustration
of how less compentent material, such as sulphide zones and
associated altered rocks, can experience and clearly display
intense deformation whereas surrounding, more competent
units for the most part hide evidence of such effects. It is
also illustrative in that the compositional banding in the
Daniels Pond massive sulphides is clearly tectonic, although
it would likely be interpreted as primary and perhaps exhala-
tive if seen only in drillcore, where the folding and cross-
cutting relationships would be difficult to see.

To date, the deposit contains a NI 43-101 compliant
inferred resource of 1.69 million tonnes grading 8.37% Zn,
4.4% Pb, 0.57% Cu, 196.9 g/t Ag, and 0.68 g/t Au (Royal
Roads Corp., Press Release, November 7, 2006). More
detailed tonnages at various Zn cut-off percentages are
given in the report by Webster et al. (2008). Additionally,
recent deep exploration drilling by Royal Roads Corp. has
extended the mineralization (e.g., Royal Roads Corp., Press
Release, October 7, 2007). This is supported by DDH DN-
07-92A, which intersected 7.9% combined base metals over
2.47 m at 75 m below the currently defined deposit. There is
thus potential for expansion of the mineral resource at deep-
er levels.
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Plate 16. Photomicrographs of mafic-intermediate host rocks to the Daniels Pond deposit. A-D illustrate relict plagioclase
and quartz crystals; and E and F. illustrate very intense sericite—silica = aluminosilicate alteration. Samples (4) JHC-07-119,
B. JHC-07-123, C. JHC-07-142, D. JHC-07-084, and ( E and F) JHC-07-096. See Appendix 1A for sample location.
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Alteration

In contrast to many of the deposits in the TVB that are
associated with large, kilometre-scale, VMS-style alteration
systems (e.g., Tulks Hill, Jacks Pond), the Daniels Pond
deposit has a relatively small alteration footprint (Figure 3).
Alteration is predominantly confined to an area of intensely
sheared volcanic rocks in the immediate footwall to the
deposit, with minor sericite-carbonate alteration locally
present in the hangingwall rocks. Locally, the alteration at
the Daniels Pond deposit appears different than that
observed at other deposits in the TVB; herein attributed to
the local presence of aluminous alteration (e.g., kaolinite
group minerals) (see below).

Footwall alteration is best developed in intensely
sheared intermediate to mafic volcanic tuffs, and consists of
variable amounts of sericite, silica, chlorite, carbonate and
aluminous alteration, and is associated with pyrite and base-
metal stringer sulphide (Plate 16E and F). The preponder-
ance of fine-grained (um-scale) microcrystalline quartz
forming groundmass material with variable amounts of
pyrite, and sericite and carbonate alteration replacing pla-
gioclase feldspars impart a dull grey to the intermediate to
mafic volcanic rocks. This led to the introduction of the
informal term ‘grey-pyritic-volcanic’ for the altered foot-
wall rocks of the deposit. The use of this term is indicative
of the difficulty experienced by numerous geologists in
identifying the protolith. Locally, black chlorite, aluminous
alteration, + sericite occurs in the immediate footwall of the
deposit, implying a vent proximal acidic mineralizing envi-
ronment (Plate 15E; see discussion below). Local halloysite
alteration has been independently identified through the use
of visible/infrared spectrometry (J. Hinchey, unpublished
data). The proportion and intensity of the aluminous alter-
ation is greater in the area of the base-metal lens then in the
area of the pyrite lens.

More regional-scale, less-intense alteration, is
recoginized in both the hangingwall and footwall stratigra-
phy distal to the main mineralized horizon. This alteration is
considered to be of regional hydrothermal origin and con-
sists of fine-grained sericite and carbonate.

Bobbys Pond Deposit
Location
The Bobbys Pond deposit (Figure 3) is located on the
southeast side of Red Indian Lake, approximately 1 km

northeast of Bobbys Pond and approximately 20 km south-
west of Millertown.

Local Geology and Mineralization

The Bobbys Pond deposit occurs in a stratigraphic
sequence similar to that at the Daniels Pond deposit, but the
two cannot be unequivocally correlated. This deposit is
hosted by variably altered, bimodal, felsic volcanic
sequences, dominated by aphyric to quartz porphyritic rhy-
olite, rhyolite breccia, felsic ash-, crystal- and lapilli tuff,
and intercalated epiclastic sediments (graphitic argillite and
greywacke) and minimal mafic volcanic rocks (Figure 14,
Plate 17). The preponderance of rhyolite in the sequence
distinguishes it from the volcaniclastic-dominated deposits
farther south (e.g., Daniels Pond, Tulks East, efc.), and may
suggest a more vent-proximal environment of formation.
Additionally, mafic volcanic rocks are not present in the
immediate stratigraphic succession hosting the Bobbys
Pond deposit, differentiating it from other deposits in the
belt. Strong sericite—carbonate—pyrite—silica alteration and
local aluminous alteration are observed in proximity to the
sulphide lenses (Figure 14, Plate 17). As with the Daniels
Pond stratigraphy, the sequence appears to be overturned.
However, locally interpreted fining-upward sequences in
drillcore, as well as the presence of alteration both above
and below the ore horizon, leave some ambiguity to the
direction of stratigraphic tops.

The stratigraphic footwall sequence is interpreted to sit
structurally above the ore horizon and is dominated by
aphyric to quartz-phyric rhyolite and associated felsic ash-
to crystal tuff, lapilli tuff, and related epiclastic sediments.
‘Jig-saw-fit’ rhyolitic breccias are common in the footwall
sequence and result from natural inflation processes associ-
ated with emplacement of felsic flows or domes. Similar
textures are associated with felsic domes at the Duck Pond
deposit (e.g., Squires et al., 2001). It was suggested by
Stewart and Beischer (1993) that some of the porphyritic
rhyolites may actually be intrusions.

The hangingwall sequence, now structurally below the
ore horizon, is dominated by variably altered rhyolite brec-
cias with intercalated felsic ash- and crystal tuff to lapilli
tuff, and lesser amounts of siliceous sedimentary rocks. The
rocks in both the stratigraphic hangingwall and footwall of
the deposit are strongly deformed, and are locally altered to
sericite schists.

Petrographically, the felsic volcanic and volcaniclastic
host rocks vary from being relatively fresh and unaltered in
the hangingwall, where they contain quartz and local
feldspar phenocrysts (Plate 18A—C), to intensely
sericite—silica—carbonate—pyrite altered rocks in the footwall
and in the mineralized horizon. These parts of the sequence
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Figure 14. A. Schematic drillhole stratigraphic column for
DDH 77537 from the Bobbys Pond deposit illustrating rock
types and relations and alteration patterns. Note that
stratigraphy is interpreted to be overturned. Note that the
column is not intended to illustrate original stratigraphic
order.

preserve very little of the original minerals (Plate 18D-F).
The groundmass or matrix to the phenocrysts is dominated
by mixtures of fine-grained (um scale) sericite and micro-
crystalline mosaics of quartz. In rare cases, quartz phe-
nocrysts in samples display resorption textures (Plate 18A),
suggesting that the quartz phenocrysts were unstable in the
the melt prior to its crystallization.

Massive sulphide mineralization occurs in at least four
sulphide lenses, within an approximately 100-m-wide zone
of moderate to intense alteration. Intense shearing, coupled
with the local presence of fault gouge in the immediate
vicinity of the mineralization (Plate 17C), imply that the ore
horizon ‘stratigraphy’ may actually represent a series of
transposed slices, resulting in repetition of massive sulphide
layers and associated alteration. However, some variations
in sulphide compositions were observed between the lenses,
and there are also subtle contrasts in their host rock types.
Such variations could be explained by lateral variations in
sulphide lenses, such as demonstrated at Daniels Pond. The
suphide lenses vary in thickness from less than 1 m to
approximately 10 m, and generally display chemical zoning
with a zinc-rich upper portion and a copper-rich lower por-
tion that could be used to informally suggest that strati-
graphic tops are up and that the volcanic succession is not
overturned. Sulphides are dominated by pyrite with lesser
honey-coloured sphalerite, chalcopyrite and galena. Locally,
the rhyolite is pervasively replaced by sulphides, suggesting
a replacement style of mineralization. Elsewhere, the pres-
ence of fine-grained, mineralized siliceous sedimentary
rocks in the immediate stratigraphic hangingwall (sitting
structurally below the ore horizon) suggests an exhalative
style of mineralization.

As currently defined, the Bobbys Pond deposit contains
aNI43-101 compliant indicated resource of 1.1 MT grading
4.61% Zn, 0.86% Cu, 0.44% Pb, 16.56 g/t Ag, and 0.20g/t
Au, with an additional inferred resource of 1.2 MT of simi-
lar grade (Agnerian, 2008). Mountain Lake Resources Inc.
continues to define the resource and to explore for addition-
al mineralization in the area.
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Plate 17. Photographs of Bobbys Pond deposit stratigraphy, alteration, and mineralization: A. aphyric rhyolite; note the local

flow-banding textures (DDH MOA-05-02 @ ~38 m); B. intense sericite—carbonate—aluminous alteration in the FW to the
deposit (DDH MOA-05-02 @ ~100 m); C. massive sulphide lenses from the deposit; note the intense carbonate alteration
associated with the rhyolitic host in the middle of the photograph (DDH 77537 @ ~175 m); D. base-metal-rich massive sul-
phide (DDH 77537 @ ~175 m); E. mineralized very fine-grained ashy-tuff to siliceous sediments from the mineralized hori-
zon (DDH 77546 @ ~158 m); and F. jigsaw fit rhyolitic breccia with polygonal clasts indicative of a vent-proximal environ-
ment; texture is interpreted to represent the rim of a blocky flow (DDH 77546 @ ~175 m), note that plate A and B are NQ
core (~47 mm in diameter) whereas C-F are BQ size (~36.5 mm in diameter).
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Plate 18. Photomicrographs of host rocks and alteration, and mineralization at the Bobbys Pond deposit. A, B and C. Quartz
and feldspar phyric rhyolite from the hangingwall whereas D, E and F are sericite—silica—carbonate-altered, sheared rhyo-
lite from the footwall. A. JHC-07-255; B. JHC-07-273; C. JHC-07-252; D. JHC-07-268; E. JHC-07-274,; F. JHC-07-253. See
Appendix 14 for sample location.
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Alteration

The alteration observed at the Bobbys Pond deposit, as
with the Daniels Pond deposit, represents mostly local
hydrothermal alteration associated with the VMS formation.
Most of the alteration, and associated sulphide mineraliza-
tion, occurs within a zone of strong deformation in a zone of
strongly altered sericitic schists. As with the Daniels Pond
deposit, hydrothermal alteration is localized and there is no
well-defined footwall alteration system associated with a
typical feeder zone. It appears that the alteration is restrict-
ed to the highly deformed zone. The intensity of alteration
and its affect on the competency of the footwall rocks like-
ly acted to focus deformation in this region.

Footwall alteration, proximal to massive sulphides, is
dominated by silica—sericite—carbonate—pyrite alteration and
local chlorite alteration. Carbonate alteration increases sig-
nificantly in proximity to the massive sulphides as replace-
ment of primary feldspar, and is more intense than that at
other deposits elsewhere in the TVB. Hangingwall alteration
at Bobbys Pond is weakly defined by variable amounts of
albite, chlorite, and carbonate alteration along with ubiqui-
tous silicification.

Other VMS Deposits/Prospects

There are several other VMS prospects, and areas of
favourable VMS-style alteration in the northern Tulks Vol-
canic Belt (Figure 3). These fall into 5 broad groups, i.e.,

1) Coarse-grained, disseminated to semi-massive pyrite
and lesser base metals associated with felsic to interme-
diate volcanic rocks with zoned sericite—silica—chlorite
alteration (e.g., Jacks Pond deposit, Roebucks Brook
prospect).

2) Locally base-metal enriched sulphides associated with
ferruginous, siliceous sedimentary rocks interpreted to
be of exhalative origin (e.g., Cathys Pond prospect).

3) Felsic volcanic rocks with acidic, aluminous alteration
(e.g., pyrophyllite, clays, alunite), native sulphur, topaz,
and textures suggestive of a hybrid VMS-epithermal
environment. (e.g., Bobbys Pond native sulphur show-
ing and the North Pond prospect).

4) Massive, high-grade sulphide clasts within debris-flow
deposits in resedimented volcaniclastic packages of
uncertain stratigraphic affinity (e.g., Hungry Hill
prospect), and

5) Copper-rich, stringer-style VMS-type mineralization
associated with intense black chlorite, carbonate, and
quartz alteration (e.g., Victoria Mine).

Group 1

This group is exemplified by the Jacks Pond deposit
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and the Roebucks Brook prospect (Figure 3). The zones of
mineralization and alteration at both are developed in felsic
to intermediate volcanic rocks and are manifest by intense
sericite—silica—chlorite alteration. Semi-massive to massive,
coarse- to fine-grained disseminated pyrite and subordinate
base-metal sulphides are associated with this alteration
(Plate 19). The local stratigraphy is dominated by quartz-
phyric felsic ash- to crystal tuffs, coarse-grained felsic frag-
mental rocks (i.e., volcaniclastic breccia), abundant
graphitic argillite containing fragments of altered volcanic
rocks, and minor mafic sills. Based upon the presence of
exotic granitic clasts (Plate 20), the coarse-grained volcani-
clastic breccias may have developed in association with syn-
volcanic faults that exhumed basement (?) or subvolcanic
intrusions related to the volcanic pile.

Plate 19. Variably altered and mineralized felsic tuff from
the Jack's Pond deposit (DDH JP-29 @ ~290 m). Note the
sericite—carbonate alteration (top) grading to chlorite
alteration (bottom). Note that the diamond-drill core is NQ
size (~47 mm in diameter).

The Roebucks Brook prospect (Figure 3) is located
between the Tulks East deposit and the Jacks Pond prospect
that collectively account for the largest sulphide accumula-
tion and the largest alteration system in the TVB, respec-
tively. Mineralization discovered to date is confined to
stringer zones within sericite—silica altered felsic ash- and
crystal tuff, but the base-metal-rich nature of the mineral-
ization (e.g., 2.29% Zn over 1.44 m in RB-01-02, Dadson,
2002), along with the general lack of diamond drilling in the
vicinity, suggests that the area holds potential for future dis-
coveries.

The Jacks Pond prospect has been interpreted to occur
on the same stratigraphic horizon as the Tulks East and
Tulks Hill deposits to the south (e.g., Evans and Kean, 1986;
McKenzie et al., 1993). The prospect is associated with a
very large (2.0 by 0.5 km), alteration envelope at the transi-
tion from felsic-dominated volcaniclastic rocks to clastic
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Plate 20. Coarse-grained exotic granitic clasts in volcani-
clastic breccia at the Jacks Pond deposit (DDH JP-94-01 @
~171.5 m). The presence of exotic clasts implies that the
breccias were likely derived as fault breccias rather than
true volcaniclastic debris-flow breccias. Note that the dia-
mond-drill core is BQ size (~36.5 mm in diameter).

sedimentary rocks with minor mafic volcanic rocks. The
alteration is linked to at least four pyrite-dominant semi-
massive to massive sulphide lenses (McKenzie ef al., 1993;
Noranda, 1998). As elsewhere in the TVB, the Jacks Pond
mineralization and alteration is hosted within dominantly
felsic volcanic ash and crystal tuff, lapilli tuff, felsic breccia,
and local quartz-phyric rhyolite and minor mafic sills. The
distribution of sulphides appears to be stratigraphically con-
trolled and, based upon the observed zonation in alteration
mineralogy, probably represent an alteration stockwork (see
discussion in Evans and Kean, 1986, 2002). Alteration is
broadly zoned, with an inner discordant core of Mg-rich
chlorite—carbonate—sericite—silica alteration enveloped by a
more silica—sericite-rich shell (Plate 19). Based on field
relationships, and the classic zonation of the alteration pack-
age, it is postulated that the Jacks Pond prospect may repre-
sent a deep remnant of the hydrothermal conduit system that
fed the nearby Cathys Pond exhalative horizon (e.g., see
Noranda, 1998). Exposure of the Jacks Pond footwall alter-
ation is attributed to contrasts in erosion levels due to fault-
ing and folding during post-VMS deformation.

Group 2

This ‘exhalative-type’ mineralization is best exempli-
fied by the Cathys Pond prospect (Figure 3). This prospect
contrasts with most other deposits and prospects in the TVB
in that it is dominated by silica and pyrite-rich argillite hori-
zons containing semi-massive to massive sulphides (Plate
21). The local stratigraphy consists of several conformable
to intercalated bodies of sericite-silica altered felsic tuffa-
ceous rocks, massive grey siliceous rocks, and siliceous
pyrite-rich argillite. The overall sequence is indicative of a

Plate 21. Exhalative-type mineralization from the Cathys
Pond prospect consisting of a silica- and pyrite-rich
argillite associated with semi-massive to massive sulphides
(DDH JP-30 @ ~65 m). Note the footwall stringer alter-
ation in the top row. Note that the diamond-drill core is NQ
size (~47 mm in diameter).

quiescent to low-energy environment typically associated
with waning stages of volcanic activity. Based on the rela-
tively weak alteration, and an increase in the proportion of
clastic sedimentary rocks, it appears that the area in the
northwest portion of the prospect represents a more vent-
distal facies compared to that observed on the southern
shore of Cathys Pond. Based on the close proximity of the
Jacks Pond alteration system to the southern shore of Cathys
Pond, this observation provides indirect support for the
notion introduced above that the Jacks Pond prospect may
represent a deep feeder alteration zone to the exhalative
mineralization observed at Cathys Pond.

Group 3

This group includes the Bobbys Pond native sulphur
prospect and the North Pond prospect (Plate 22). They con-
sist of felsic volcanic rocks with local acidic and aluminous
alteration (e.g., pyrophyllite, clays, and alunite group miner-
als), native sulphur, topaz, orpiment and possible stibnite.
These occurences also exhibit textures suggestive of an
epithermal environment, in addition to typical VMS-style
mineralization. When viewed in conjunction with the
Daniels Pond and Bobbys Pond deposits, which also contain
locally acidic, aluminous alteration (see above), this hybrid
epithermal-VMS style of alteration and mineralization
extends over a strike of 4 to 5 km.

The Bobbys Pond native sulphur showing contains
abundant argillic to advanced argillic alteration with intense
silicification, natroalunite, native sulphur, and topaz on sur-
face, with orpiment and possible stibnite at depth. Topaz
was recognized by visible/infrared reflectance spectrometry
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Plate 22. A. Native sulphur with silica—alunite alteration at the Bobbys Pond native sulphur showing; B. Orpiment crystals
associated with the Bobbys Pond native sulphur showing (DDH BP-4 (@ ~65 m); C. Native sulphur in association with mas-
sive laminated sulphide at Bobbys Pond native sulphur showing (DDH BP-5 @ ~107 m),; and D. Massive pyrite mineraliza-
tion associated with intense silicification and sericite £ alunite alteration at the North Pond prospect.

methods. The showing typically lacks VMS-style alteration
or mineralization, although massive pyrite mineralization is
locally developed in drillcore (Plate 22C). As such, the sul-
phur prospect has historically been viewed as a unique
epithermal-style mineralizing event in the TVB, and inter-
preted to be superimposed on the older VMS mineralization.
However, at the nearby North Pond prospect (Plate 22D),
intense silicification, alunite, and minor native sulphur
occur with VMS-like massive pyrite in silica—sericite-
altered felsic ash to crystal tuff. As alunite is not uncommon
within weakly metamorphosed VMS-mineralized terrains
(e.g., Morne Bossa deposit; stockwork deposits of the green
tuff belt in Japan; see Hannington et al., 1999 and references
therein), the observed field relationships suggest that alunite
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may have been (meta?) stable within some of the northern
TVB prospects, perhaps preserved due to the associated
intense silicification. Vuggy quartz textures also point to an
‘epithermal-style’ of mineralization, as they potentially rep-
resent leaching textures derived through the interaction of a
highly acidic and oxidized fluid with the host rock at shal-
low depths. As such, the North Pond prospect may serve as
the ‘missing-link’ connecting the acidic and aluminous alter-
ation observed at the Daniels Pond and Bobbys Pond
deposits to the characteristic epithermal-style alteration at
the Bobbys Pond sulphur showing. As discussed below, this
connection has implications for deposit classification
schemes and exploration strategies.
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Plate 23. A. Base-metal-rich sulphide clasts in a heterolithic debris-flow deposit at the Hungry Hill prospect (DDH HH-98-
22 @ ~220 m), note that sulphide locally forms stringers and breccia matrix; B. (DDH HH-97-15 @ ~180 m) and C. (DDH
HH-97-16 @ ~150 m) sulphides forming the matrix to rhyolitic breccias; and D. semi-massive sulphide (DDH HH-97-16 @
~150 m); note that the diamond-drill core is NQ size (~47 mm in diameter).

Group 4

This group includes prospects where high-grade mas-
sive sulphide clasts occur in debris-flow deposits, and is
exemplified by the Hungry Hill prospect discovered by
Celtic Minerals Ltd. in 1996. The assignment of these host
rocks in stratigraphic terms is problematic as there are
presently two different interpretations. According to the
recent mapping conducted by the GSC, the prospect is with-
in the Arenig-Cardoc Wigwam Brook group (Rogers et al.,
2005), whereas earlier work placed this area within the
northern extremity of the TVB (e.g., Evans and Kean,
2002). The Hungry Hill prospect is located approximately
10 km northeast of the Bobbys Pond deposit, and as with the
Bobbys Pond deposit, is hosted by a sequence dominated by
massive rhyolite flows, rhyolite breccias, and heterolithic
debris-flow volcanic breccias. The latter locally contain
massive sulphide clasts (Plate 23A). In addition to this
‘transported’ style of mineralization, the prospect also con-
tains examples of stringer-type mineralization within mas-

sive rthyolite as well as sulphides forming the matrix to rhy-
olite breccias (Delaney et al., 2001; Plate 23B, C). Such fea-
tures are reminiscent of textures described from Bobbys
Pond. The felsic pyroclastic and volcaniclastic rocks are
atypical of the Wigwam Brook group as defined by Rogers
et al. (2005) suggesting that some re-examination of con-
tacts and stratigraphic assignment in this region is warrant-
ed.

Group 5

This group consists of copper-rich VMS-style mineral-
ization associated with intense black chlorite, carbonate, and
quartz alteration, and is exemplified by the Victoria Mine
and Jig Zone prospects (Figure 3). The stratigraphy in the
Victoria Mine area consists of an east-west-striking, north-
dipping sequence of volcanic and sedimentary rocks. In gen-
eral, the stratigraphy can be divided into hangingwall
aphyric felsic to intermediate lapilli tuff, intensely altered
and mineralized felsic tuffaceous rocks comprising the ore
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horizon, and footwall mafic volcanic rocks with associated
volcaniclastic sedimentary rocks. The mineralization occurs
within altered felsic volcanic rocks or breccias, which are
currently included in the Tulks Hill volcanic sequence. The
assignment of the host rocks is problematic, because the site
lies very close to the proposed stratigraphic boundary
between the Tulks and the Sutherlands Pond groups (Rogers
et al., 2005). The U-Pb zircon dates from rhyolites in the
hangingwall rocks give ages ranging from ca. 462 Ma to
457 Ma (Evans et al., 1990; Rogers et al., 2005), which are
much younger than the ca. 498 Ma inferred age for the TVB
(Evans et al., 1990). However, a lithogeochemical survey
completed by Celtic Minerals (Greene ef al., 2001) suggests
that the felsic volcanic rocks that host the mineralization are
similar to felsic volcanic rocks elsewhere in the TVB, an
interpretation supported by Evans and Kean (2002). There-
fore, the mineralization appears to be associated with a
north-dipping structure that separates the TVB from
younger rocks of the Sutherlands Pond group. One possible
explanation for the stratigraphic uncertainty in the area is
that the mineralization represents remobilized VMS sul-
phides (e.g., Desnoyers, 1991) that transcend both groups of
rocks. Rocks along the ore horizon consist of strongly schis-
tose, altered dacitic to rhyolitic ash, tuff and tuff breccias.
The above-mentioned structure appears to be the locus of
intense black chlorite, sericite, carbonate and quartz alter-
ation, with associated disseminated and stringer pyrite—chal-
copyrite (Plate 24). Local examples of chaotic quartz—car-
bonate alteration closely resemble similar alteration at the
Duck Pond deposit (Greene et al., 2001). The intense chlo-
rite and carbonate alteration differ from the typical
sericite—silica-rich alteration associated with most of the
VMS occurrences in the TVB.

The Jig Zone prospect is located approximately 250 m

east of the Victoria Mine prospect. Mapping suggests that
the massive sulphide is associated with an asymmetrically
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Plate 24. Chalcopyrite-rich, chloritized felsic pyroclastics
from the Victoria Mine prospect. Note that intense carbon-
ate-silica—sericite alteration assemblages are also locally
present on the ore horizon.

folded thrust system, locally termed the Jig Zone fault.
However, the exact relationship of the sulphide mineraliza-
tion to the fault is uncertain. McKenzie et al. (1993) sug-
gested that the mineralization and alteration overprint the
fault and was synchronous with the accretion of major tec-
tonic blocks. The footwall stratigraphy consists of variably
altered felsic volcanic rocks and coarse rhyolite breccias,
which most closely resemble the rhyolite breccias at the
Hungry Hill prospect. However, the immediate hangingwall
stratigraphy consists of pristine, unaltered, green to maroon,
felsic to intermediate ash to crystal tuffs. This invites the
question of the relative timing of mineralization with respect
to thrusting. The plunging massive sulphide lens, although
not very well constrained, has been shown to contain eco-
nomically interesting grades, indicated by a diamond-drill
intersection of 11 m having an average grade of 2.9% Cu,
5.7% Zn in Vic-89-02 (e.g., Greene et al., 2001).
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GEOCHEMISTRY

INTRODUCTION

A representative suite of all volcanic and volcaniclastic
rock types from the TVB were analyzed for major and trace
elements using Inductively Coupled Plasma—Emission
Spectrometry (ICP-ES) methods outlined in Finch (1998). A
smaller subset of samples was analyzed at Acme Analytical
Laboratories for trace elements and rare-earth elements
(REE) by four-acid digestion, Inductively Coupled Plas-
ma—Mass Spectrometry (ICP-MS) techniques, and for assay
via INAA. The analytical method used for each element is
given in Appendix 1B. Samples were separated into groups
based upon their association with the specific VMS deposits
described above and, where possible, were further divided
into hangingwall and footwall categories to aid in identify-
ing the affects of alteration. The complete geochemical data-
base derived from this project is found in Appendix 1B.
Selected chemical ratios for various rock types from each
deposit are listed in Table 1 to aid in discussion and com-
parison. Selected samples were also analyzed for Sm/Nd
isotopic compositions (Table 2) by Thermal lonization Mass
Spectrometry (TIMS) techniques at Memorial and Carleton
universities.

The samples analyzed in this study cover all rock types
and include both altered and unaltered samples. It is very
difficult to obtain unaltered material for geochemical analy-
ses, because outcrop is limited, and exploration is naturally
focused around areas of mineralization. Most of the samples
discussed herein represent diamond-drill core samples.

Samples were selected to study the various rock types
associated with each deposit, to compare and contrast the
geochemical signatures of the host rocks associated with
each deposit, and to study the affects of alteration upon the
host rock geochemical signatures. Detailed methods and
detection limts are provided in Finch (1998) as well as on
Acme Analytical Laboratories website.

ELEMENT MOBILITY
CONSIDERATIONS

It is important to account for the effects of element
mobility when making inferences about tectonic settings or
primary rock type based on geochemistry. As the major rock
types in the TVB are felsic-intermediate in composition and
volcanic in nature, they are all variably affected by high-
temperature alteration. The most common hydrothermal
alteration process affecting the felsic-intermediate volcani-
clastic rocks of the TVB is replacement of primary feldspar
by sericite, effectively resulting in a mass gain of K from

hydrothermal fluids and a mass loss of Na and Ca from the
rock. Further replacement of feldspar and sericite by chlorite
results in a mass gain of Mg + Fe. Based on the degree of
alteration recoginized in the samples collected, it is assumed
that Na, K, Ca, Mg, Fe and SiO, were mobile during high-
temperature alteration; an assumption substantiated by
numerous immobile-mobile element plots (not shown).
Although other major oxides such as Al,O; and TiO,, as well
as other high-field-strength-elements (HFSE), are common-
ly assumed to be immobile under most alteration conditions
(e.g., Barrett and MacLean, 1999), locally intense carbonate
alteration proximal to massive sulphide horizons, suggests
that these elements should be also used with caution (see
Hynes, 1980; Finlow-Bates and Stumpfl, 1981; Jiang et al.,
2005; and Pandarinath et al., 2008). The low-field-strength-
elements (LFSE) (e.g., Ba, Rb, Cs, Sr) are considered to be
mobile under the alteration conditions in this study, and are
not used to discriminate rock types. The rare-earth elements
(REE), with the exception of Eu (e.g., Sverjensky, 1984;
Whitford et al., 1988), are generally considered to be immo-
bile except under extreme hydrothermal alteration condi-
tions, when the light REE (e.g., La, Ce, Pr, Nd) may become
mobile (Campbell et al., 1984; MacLean and Barrett, 1993).
The coherent behaviour of the middle- (e.g., Sm, Gd, Tb,
Dy, Ho) and heavy (e.g., Er, Tm, Yb, Lu) REE in the sam-
ples collected suggest that they were immobile, whereas
slight variations in light REE concentrations (in particular
La) indicate some mobility. The HFSE (e.g., Zr, Hf, Nb, Ta,
Y, Th) are immobile in almost all cases (e.g., Barrett and
MacLean, 1999; Lentz, 1999). The coherent behaviour of
these elements in the dataset suggests that they remained
essentially immobile during alteration. It should be noted
that the samples analyzed in this study include both volcanic
and volcaniclastic rocks; and whereas element immobility
can be proven in strictly coherent volcanic facies in the belt,
other factors could affect the lithogeochemistry of tuffa-
ceous rocks.

The geochemical data from the five main deposits in the
TVB, as well as that of the Pats Pond group (Rogers, 2004;
Zagorevski et al., 2007a), are discussed. In addition to ordi-
nary bi-variate plots, discrimination diagrams, and extended
trace-element plots, the wholerock geochemical data were
also assessed to examine chemical variations associated
with hydrothermal alteration. In addition to downhole pro-
files, samples were also assessed using the alteration box
plot (Large et al., 2001). This plot uses two common alter-
ation indexes viz., the Hashimoto Alteration Index (Al) of
Ishikawa et al. (1976) and the chlorite—carbonate—pyrite
index (CCPI) of Large et al. (2001) (see formula in Table 1).
High Al values represent sericite and chlorite alteration
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Table 1: Summary of some key major and trace-element ratios for the felsic rocks associated with the
VMS deposits in the TVB and the Pats Pond group

BOOMERANG AND DOMINO STRATIGRAPHY

Felsic Tuff (HW) Felsic Tuff (FW) Felsic Lapilli Tuff (HW)  Qtz-fld Tuff (HW)  Qtz-fld Tuff (FW) Felsic Sill Felsic Ashy Tuff
Average 20 Average 20 Average 20 Average 20 Average 20 Average 20 Average 20
Al 46.21 15.70 59.85 21.60 57.76 10.22 50.65 35.78 55.67 11.43 33.00 8.07 42.61 35.19
CCPI 60.97 9.35 69.64 4.52 55.76 9.09 66.42 23.13 84.63 15.00 44.94 8.28 49.92 17.49
Na/K 16.10 31.64 0.27 0.03 1.33 0.69 8.95 12.15 0.38 0.08 27.39 62.42 9.57 12.78
zrlY 2.82 0.75 3.43 0.73 3.67 0.91 2.69 0.14 3.40 0.30 3.73 1.23 5.62 0.63
Zr/Nb 39.66 12.67 29.04 3.47 54.68 15.12 33.45 2.30 39.86 1.52 39.14 6.66 31.04 0.94
ZrITiO, 152.65 124.83 156.75 16.14 326.61 217.28 114.50 19.02 193.63 16.82  233.46 140.77 489.33  447.69
Zr/Hf 33.61 2.52 33.92 2.06 38.41 2.88 32.81 0.72 36.51 2.58 35.37 220 35.35 0.60
Nb/Y 0.07 0.02 0.11 0.02 0.07 0.03 0.08 0.01 0.09 0.01 0.09 0.03 0.18 0.01
Th/Nb 0.46 0.33 0.41 0.14 0.84 0.46 0.63 0.75 0.31 0.08 0.68 0.40 0.78 0.70
Lan/Yby 1.52 0.32 1.83 0.27 2.11 0.37 268 1.70 3.50 1.53 2.83 1.63 431 1.36
Cen/Yby 1.49 0.28 1.63 0.25 2.06 0.33 2.38 1.21 3.09 1.59 2.41 1.25 3.60 0.93
Lan/Thy 1.1 0.55 0.90 0.06 0.84 0.29 1.01 0.50 2.23 0.02 0.96 0.39 0.98 0.54
Lan/Nby 3.43 1.22 2.60 0.29 5.80 1.96 5.44 422 6.09 217 472 0.83 4.84 222
Zry/Smy 1.05 0.27 1.41 0.10 1.20 0.29 0.83 0.21 0.97 0.36 1.21 0.22 1.18 0.11
Lan/Smy 1.38 0.32 1.89 0.09 1.73 0.23 1.86 0.94 222 0.09 214 0.69 2.82 0.98
Gdy/Luy 0.97 0.17 0.84 0.06 0.98 0.08 1.03 0.02 1.13 0.51 1.05 0.27 0.94 0.27
Eu/Eu* 0.89 0.10 0.83 0.13 0.88 0.06 1.03 0.12 1.40 0.36 0.90 0.04 0.88 0.10
Nb/Nb* 0.15 0.10 0.09 0.01 0.07 0.04 0.16 0.15 0.1 0.08 0.10 0.10 0.06 0.04
Zr/Zr* 0.28 0.07 0.37 0.04 0.33 0.08 0.23 0.04 0.27 0.09 0.32 0.07 0.36 0.01
TilTi* 0.13 0.05 0.12 0.01 0.04 0.02 0.09 0.01 0.08 0.03 0.10 0.02 0.07 0.06
Nb/Ta 19.64 8.33 13.94 2.58 17.50 5.07 14.75 2.47 10.50 0.71 12.54 4.71 13.08 2.24
TULKS HILL STRATIGRAPHY
Felsic Tuff (HW) Felsic Tuff (FW) Felsic Lapilli Tuff (HW)  Qtz-fld Tuff (HW) Rhyolite (HW) Rhyolite (FW)
Average 20 Average 20 Average 20 Average 20 Average 20 Average 20
Al 40.10 8.03 57.35 42.44 36.23 46.33 60.90 31.53 63.72 33.48
CCPI 66.84 10.04 78.93 23.81 34.99 27.97 51.12 15.30 60.21 23.24
Na/K 3.67 0.42 9.50 13.32 2.56 1.16 1.82 274 3.87 6.31
zrlY - - 2.22 0.23 244 2.14 0.31 244 -
Zr/Nb 30.99 7.21 28.35 1.78 36.71 29.21 35.44 7.01 33.91 10.42
Zr/TiO, 84.59 5.08 460.09 348.97 1512.82 553.00 928.21 53582 97240  448.61
Zr/Hf - - 34.38 0.96 34.22 31.98 1.58 31.32 -
Nb/Y - - 0.08 0.00 0.08 0.06 0.01 0.08 -
Th/Nb 0.69 0.23 0.99 0.57 0.80 0.95 0.92 0.33 0.68 0.43
Lan/Yby - - 2.39 0.80 1.82 1.48 0.55 1.86 -
Cen/Yby - - 1.93 0.54 1.53 1.31 0.42 1.63 -
Lan/Thy - - 0.63 0.23 0.45 0.65 0.22 0.45 -
Lan/Nby - - 4.70 1.05 3.59 4.29 0.56 3.94 -
Zr\/Smy - - 0.82 0.01 1.15 0.94 0.08 1.02 -
Lan/Smy - - 212 0.36 224 1.74 0.34 1.97 -
Gdy/Luy - - 0.95 0.11 0.69 0.74 0.13 0.78 -
Eu/Eu* - - 0.93 0.23 0.56 0.70 0.15 0.64 -
Nb/Nb* 0.09 0.03 0.04 0.02 0.04 0.06 0.02 0.14 0.14
Zr/Zr* - - 0.21 0.00 0.30 0.24 0.02 0.27 -
Ti/Ti* - - 0.03 0.02 0.03 0.02 0.01 0.01 -
Nb/Ta - - 16.50 - 14.83 1.65 15.00 -
TULKS EAST STRATIGRAPHY
Felsic Lapilli Tuff
Felsic Tuff (HW) Felsic Tuff (FW) HW FW Qtz-fld Tuff (HW) Rhyolite (HW) Rhyolite (FW)
Average 20 Average 20 Average Average Average 20 Average 20 Average 20
Al 69.46 31.70 90.06 7.72 46.73 92.29 24.10 17.07 57.58 51.74 92.48
CCPI 64.89 22.26 89.99 12.59 53.48 82.66 33.76 14.06 56.75 43.73 75.36
Na/K 1.13 1.78 0.25 0.07 0.96 0.21 9.14 10.39 1.99 2.67 0.19
zrlY 2.23 - 1.99 0.94 1.77 2.52 2.56 1.15 1.15 0.64 1.77
Zr/Nb 35.53 4.10 168.41 136.58 38.86 56.18 35.68 227 42.83 0.36 39.47
Zr/TiO, 283.11 125.14 272.70 4337  201.54 189.16 809.10  477.46 298.49 144.60 346.13
Zr/Hf 32.34 - 31.81 3.33 30.68 29.37 35.56 2.28 21.64 15.55 30.18
Nb/Y 0.07 - 0.03 0.02 0.05 0.04 0.07 0.03 0.03 0.01 0.04
Th/Nb 0.35 0.17 2.69 1.54 0.73 1.05 0.91 0.24 1.01 0.30 0.92
Lan/Yby 1.86 - 0.60 0.53 147 1.55 1.53 1.33 1.24 0.15 1.41
Cen/Yby 1.66 - 0.56 0.47 1.37 1.62 1.28 0.99 1.17 017 1.31
Lan/Thy 1.39 - 0.31 0.33 0.85 0.60 0.41 0.06 1.02 0.41 0.64
Lan/Nby 450 - 2.96 2.28 5.26 8.10 3.13 1.58 9.27 6.13 5.03
Zr\/Smy 0.71 - 1.38 0.62 0.68 0.73 1.17 0.04 0.52 0.35 0.65
Lan/Smy 1.63 - 0.78 0.63 1.44 1.33 1.68 0.86 1.37 0.01 1.31
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Gdy/Luy 0.87 - 0.69 0.13 0.89 0.88 0.77 0.19 0.84 0.01 0.87
Eu/Eu* 0.30 - 0.61 0.25 1.04 0.33 0.78 0.19 0.74 0.15 0.29
Nb/Nb* 0.14 0.16 0.02 0.01 0.04 0.07 0.05 0.02 0.03 0.02 0.04
Zr/Zr* 0.19 - 0.28 0.07 0.18 0.20 0.29 0.04 0.13 0.08 0.17
TilTi* 0.05 - 0.05 0.02 0.05 0.06 0.02 0.02 0.03 0.03 0.03
Nb/Ta - - 10.25 6.72 - 16.00 - 14.75 14.50 13.00
DANIELS POND STRATIGRAPHY
Andesite (FW) Andesite (FW)
Andesite (HW) Andesite (FW) Extremely altered Immediate FW Int. Lap. Tuff Felsic tuff
Average 20 Average 20 Average 20 Average 20 Average 20 Average 20
n=9,2 n=19,6 n=10,4 n=5,5 n=5,1 n=2,0
Al 47.04 10.77 67.68 25.43 79.37 10.48 46.91 8.71 53.44 14.18 36.49786 0.952406
CCPI 76.24 4.40 73.71 17.96 32.81 32.38 66.83 10.03 62.46 6.20 54.43778 10.79444
Na/K 2.84 3.11 217 5.12 0.25 0.09 2.69 0.88 0.41 0.40 1.595775 0.072936
ZrlY 2.65 0.62 1.99 0.73 10.44 2.90 2.14 0.55 3.63
Zr/Nb 711 5.18 9.01 6.64  29.18 23.05 6.86 1.28 13.34 1.03 45.00369 11.61032
Zr/TiO, 11352 133.38 90.89 44.42 76.41 4.23 77.70 1213 164.24 50.04 418.3901 4.598954
Zr/Hf 38.60 7.69 34.29 3.91 33.16 3.08 34.68 2.51 32.25
Nb/Y 0.56 0.44 0.23 0.17 0.44 0.18 0.33 0.14 0.25
Th/Nb 0.19 0.14 0.32 0.14 0.82 0.35 0.21 0.04 0.58
Lan/Yby 1.51 0.29 1.25 0.21 4.20 1.16 1.47 0.11 2.23
Cen/Yby 1.30 0.34 1.16 0.18 3.20 0.76 1.28 0.07 1.83
Lan/Thy 0.39 0.12 0.49 0.22 0.36 0.10 0.47 0.09 0.31
Lan/Nby 0.15 0.38 1.33 0.74 247 1.21 0.84 0.24 1.53
Zr/Smy 1.39 0.91 0.84 0.17 2.10 0.47 0.95 0.25 1.35
Lan/Smy 1.84 0.43 1.42 0.31 3.02 0.43 1.74 0.11 2.24
Gdy/Luy 0.73 0.16 0.77 0.07 0.66 0.15 0.74 0.05 0.76
Eu/Eu* 0.90 0.16 0.52 0.36 0.48 0.20 1.33 0.48 0.77
Nb/Nb* 0.32 0.25 0.15 0.08 0.06 0.03 0.20 0.06 0.08
Zr/Zr* 0.35 0.19 0.22 0.05 0.68 0.17 0.25 0.06 0.37
TilTi* 0.23 0.14 0.13 0.06 0.46 0.12 0.16 0.02 0.09
Nb/Ta - - - - - - - - 40.00
BOBBYS POND STRATIGRAPHY
Felsic Tuff (FW)  Felsic Lapilli Tuff (FW) Rhyolite (HW) Rhyolite (FW) Int. Lap. Tuff
Average 20 Average 20 Average 20 Average 20 Average 20
n=5,2 n=2,1 n=8,4 n=15,8 n=2,0
Al 72.91 8.64 59.91 23.55  43.46 15.77 4024  27.69 47.36 5.81
CCPI 74.46 12.92 52.00 9.30 4876 13.00 4036 22.00 53.86 11.92
Na/K 0.65 0.39 1.95 1.93 8.72 7.58 3060  66.34 7.23 5.54
ZrlY 6.79 3.56 2.98 2.97 0.53 3.03 0.35
Zr/Nb 16.57 9.99 46.95 12.87 50.80 7.48 53.54 16.12 62.91 22.08
Zr[TiO, 41149  268.39 722.29 64.28  754.32 248.14 77117 15765  711.59 49.15
Zr/Hf 28.88 5.75 30.36 31.11 1.05 30.14 1.13
Nb/Y 0.67 0.74 0.05 0.06 0.01 0.06 0.02
Th/Nb 0.61 0.63 2.14 1.95 0.22 2.04 0.47
Lan/Yby 3.89 1.60 2.01 2.20 0.19 2.24 0.23
Cen/Yby 3.32 1.49 1.70 1.85 0.13 1.94 0.18
Lay/Thy 0.39 0.06 0.33 0.37 0.06 0.36 0.03
Lay/Nby 1.86 1.76 5.90 6.11 1.33 6.21 1.09
Zry/Smy 1.70 0.09 1.22 1.06 0.25 1.15 0.14
Lay/Smy 247 0.65 2.03 1.88 0.19 2.07 0.16
Gdy/Luy 1.02 0.31 0.86 0.91 0.14 0.87 0.07
Eu/Eu* 0.99 0.84 0.62 0.63 0.05 0.60 0.12
Nb/Nb* 0.14 0.15 0.02 0.02 0.00 0.02 0.01
Zr/Zr* 0.49 0.04 0.32 0.29 0.07 0.31 0.04
TilTi* 0.32 0.41 0.02 0.02 0.01 0.02 0.00
Nb/Ta 20.48 4.85 9.21 11.34 5.21 9.09 278

Al= Hashimoto index = 100*[(MgO+K,0)/(MgO+K,0+Na,0+Ca0)] (Ishikawa et al., 1976)

CCPI = chlorite-carbonate-pyrite index = 100*[(MgO+FeO*)/(MgO+FeO*+K,0+Na,0)] (Large et al., 2001)

Na/K = Na,O/K,0

Eu/Eu* = Eupn/(Gdpm *Sm,m)0.5, Nb/Nb* = 0.5*Nb o /(Thym+Laym), ZZr* = 0.5*Zr y/(Gdpm + SMyy), TilTi* = 0.5*Ti j/(Gdpm + SMiyr)

pm = primitive mantle normalized
Note that all normalization is to primitive mantle (values after Sun and McDonough, 1989)
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products, derived from the breakdown of plagioclase
feldspars and volcanic glass; whereas high CCPI values rep-
resent chlorite, Fe-Mg carbonate and pyrite alteration typi-
cally associated with VMS deposits. Generally, Al indices
>70-75 are considered to represent strong alteration. Most of
the felsic-intermediate rock types that host the VMS
deposits in the TVB are displaced to the right of the ‘least
altered box’ in the alteration box plot of Large ef al. (2001)
(see Figures 22 and 28), with relatively high Al and CCPI,
suggesting that they have been strongly affected by
hydrothermal alteration. For this reason, emphasis is placed
on relatively immobile REE and HFSE in the following dis-
cussions. In contrast, the data from the Pats Pond group
(Zagorevski et al., 2007a) do not show evidence of strong
alteration effects as the focus of that study was to sample for
geochemical correlations and tectonic discrimination, with
altered rocks being largely avoided. Although not studied in
detail in this report, numerous outcrop samples of host
rocks, some relatively unaltered, were collected and ana-
lyzed as part of this project. All chemical data from such
samples are available in Appendix 1B.

SOUTHERN TULKS VOLCANIC
BELT

Boomerang—Domino—Hurricane Deposit
Host Rock Geochemistry

Host rocks to the Boomerang—Domino—Hurricane
deposit appear to form a continuum from mafic through to
felsic compositions; however, the andesitic sills (Figure
15A) have different chemical characteristics and may not be
genetically associated with the host rocks to the deposit. Fel-
sic-intermediate host rocks are dominated by quartz-phyric
tuff that have average Zr/TiO, ratios of 0.015 and 0.016, and
average Nb/Y ratios of 0.07 and 0.11 in the hangingwall and
footwall, respectively. Quartz—feldspar-crystal tuffs in the
hangingwall and footwall have very similar ratios, whereas
lapilli tuffs in the hangingwall, ash, and felsic sills have
higher Zr/TiO, ratios of 0.033, 0.049, and 0.023, respective-
ly (Table 1). The HFSE (Zr, Hf, Y, Nb, Ta) contents of all the
felsic to intermediate rocks are low to moderate, character-
izing them as volcanic-arc to ocean-ridge type rocks on the
Ta vs. Yb discrimation diagram (Figure 16A). Primitive-
mantle-normalized plots for the felsic-intermediate rocks
are characterized by weak to moderate LREE enrichments
(refer to the Lay/Smy values in Table 1 and Figures 17A, and
18A), relatively flat MREE patterns, and weak to moderate
overall REE fractionation. These plots also show weak to
moderately negative Nb and Ti anomalies, slightly negative
Eu anomalies, and prominent positive Zr and Hf anomalies
for the felsic to intermediate ash, crystal- to lapilli tuffs, and
some felsic sills (Figures 17A, and 18B). Most of the felsic

to intermediate rocks have very low Zr/Y and La/Yb ratios,
similar to published values for tholeiitic rocks (Barrett and
MacLean, 1999; Table 1). The Sm—Nd isotopic analysis of
four samples of felsic to intermediate tuff from the
Boomerang and nearby Domino deposits yielded eNd (491
Ma) values from +4.07 to +5.27 (Figure 19, Table 2).

The mafic volcanic rocks from Boomerang are charac-
terized by weak LREE-enriched to flat extended trace-ele-
ment plots, with values four to ten times that of primitive
mantle concentrations, and have profiles that are similar to
N-MORB (Figure 20A). All samples have moderately posi-
tive Th anomalies and moderately negative Nb anomalies.
As such, the samples have island-arc tholeiite signatures. In
contrast, samples of the andesitic sills have much higher
contents of HFSE and REE, higher degrees of REE frac-
tionation, and have variably moderately to strongly negative
Nb and Ti anomalies (Figure 20B). These characteristics
suggest a transitional calc-alkaline basalt to island-arc
tholeiite affinity (Figure 20B). On a Ti—V discrimination
diagram, the mafic volcanic samples plot predominantly
within the island-arc tholeiite field but in part overlap the
MORB field, whereas the andesitic sills predominantly plot
within the alkaline field (Figure 21A), and on a Th—Zr-Nb
plot (after Wood, 1980) the mafic volcanic rocks plot pre-
dominantly in the arc-basalt field with one sample of the
andesitic plotting in the N-MORB field.

Alteration Geochemistry

The Boomerang deposit, like all other deposits studied
in this investigation, shows evidence of significant plagio-
clase destructive alteration coupled with sodium depletion
in the footwall, and in the immediate hangingwall. This zone
of sodium depletion is commonly associated with increased
iron and magnesium related to pyrite and chlorite alteration,
increased calcium related to carbonate alteration, and
increased barium related to barite alteration (Figure 5B, C).

Chemical and mineralogical changes attributed to
hydrothermal alteration at the Boomerang deposit are illus-
trated in Figure 22A. As illustrated, some of the felsic to
intermediate volcanic rocks in proximity to the ore horizon
show gains in K,0, MgO and FeO, and are displaced to the
upper right part of the alteration box plot diagram, outside
the fields of least altered samples (Figure 22A). This is
indicative of sericite—chlorite—carbonate—pyrite alteration. A
small subset of felsic to intermediate samples also appear to
be trending to the bottom left part of the diagram, i.e.,
toward the diagenetic albite trend and these are attributed to
regional alteration processes.

In addition to major-element variations related to
hydrothermal alteration, some of the minor volatile elements
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/\ Felsic tuff (HW)
A\ Felsic tuff (FW)
[] Felsic lapilli tuff (HW)
[ Felsic lapilli tuff (FW)

<> Quartz-feldspar phyric felsic tuff (HW)
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Figure 15. Nb/Y versus Zr/TiO, discrimination dia-
gram (Winchester and Floyd, 1977). A. Boomerang
deposit; B. Tulks Hill deposit; C. Tulks East deposit;
D. Pats Pond group. Pats Pond group chemistry from
Rogers (2004) and Zagorevski (2006). HW—-hanging-
wall, FW—footwall.
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Figure 16. Yb versus Ta (Pearce et al., 1984) discrimination diagrams for the host felsic volcanic rocks of the three main VMS
deposits in the southern TVB and the Pats Pond group: A. Boomerang deposit, B. Tulks Hill deposit, C. Tulks East deposit,
D. Pats Pond group. Pats Pond group chemistry from Rogers (2004) and Zagorevski (20006).
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are also enriched in the rocks immediately surrounding the
ore horizons in the hangingwall and footwall. Of note, thal-
lium and antimony occur in enriched haloes around the
boomerang ore lens (Figure 5B, C); a zoning similar to
many other VMS-mineralized systems (e.g., Rosebery
deposit; Large et al., 2001). As shown in Figure 5B and C,

the volatile haloes are most strongly developed in the foot-
wall within 20 to 30 m of the sulphide-bearing horizon.
Locally, these elements may also form enrichments in the
hangingwall as well.
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Figure 18. Primitive-mantle-normalized trace-element plots for other felsic to intermediate rocks from the southern Tulks Vol-
canic Belt and Pats Pond group. A. Boomerang deposit, B. Boomerang deposit, C. Tulks Hill, D. Tulks East deposit and E.

Pats Pond 3 (PP3). Pats Pond group chemistry from Rogers (2004) and Zagorevski (2006). Primitive mantle values from Sun

and McDonough (1989).
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Figure 19. eNd versus Sm/*“Nd plot illustrating the range of values from rocks hosting VMS deposits and occurrences in the

TVB.

Tulks Hill Deposit

Host Rock Geochemistry

The rocks hosting the Tulks Hill deposit are dominated
by quartz-phyric rhyolite, with minor amounts of quartz-
phyric crystal tuff, quartz—feldspar-crystal tuff and lapilli
tuff. Rhyolites from the hangingwall and footwall have rel-
atively high average Zr/TiO, values of 0.0928 and 0.0972,
and low to moderate Nb/Y average ratios (0.06 and 0.08),
suggestive of a subalkaline affinity (Table 1; Figure 15B).
However, there appears to be at least two subgroups of rhy-
olite viz., a group with relatively low HFSE and REE and a
group with relatively higher HFSE and REE (see Figures
15B and 18C; not subdivided for the purposes of Table 1).
Using this chemical differentiation, the average Zr/TiO,
ratio of the enriched group is 0.1420 + 0.0100, significantly
higher than the other rhyolite. As there is no way to visual-
ly or petrographically distinguish these rocks, they have
been combined in one group for comparison purposes. Fel-
sic tuffs, from the hangingwall and footwall, have much
lower Zr/TiO, ratio averages (0.0084 and 0.0460) compared
to the rhyolite, and have similar Nb/Y ratios. Although not
analyzed for REEs, a sample of a quartz—feldspar-crystal
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tuff from the hangingwall of the deposit also has a very high
Zr/TiO, ratio (0.1512), similar to the subset of rhyolite
described above (Figure 15B). The HFSE (e.g., Zr, Hf, Y,
Nb, Ta) contents of all the felsic to intermediate rocks are
low to moderate, suggesting a volcanic-arc to ocean-ridge-
type setting on the Ta vs. Yb discrimination diagram (Figure
16B). Primitive-mantle-normalized plots for the felsic-inter-
mediate rocks are characterized by moderate to strong
LREE enrichment (see the La,/Smy ratios in Table 1 and
Figures 17B, and 18C), slight depletion in MREE resulting
in slightly concave upward patterns (refer to the Gdy/Luy
values in Table 1, and Figures 17B, and 18C), moderate
overall REE fractionation, strongly negative Nb and Ti
anomalies, slightly negative Eu anomalies, and relatively
flat Zr and Hf. Most of the felsic to intermediate rocks have
very low Zr/Y and La/YDb values and are similar to published
values for tholeiitic rocks (Barrett and MacLean, 1999;
Table 1). The Sm—Nd isotopic composition analysis of two
samples of felsic tuff yielded eNd (498 Ma) values of +2.99
and +3.02 (Figure 19, Table 2).

Mafic volcanic rocks from Tulks Hill are characterized
by weak to moderately fractionated extended trace-element
plots, with values four to ten times that of primitive mantle
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Figure 22. Alteration box plots of Large et al. (2001), with vectors for various alteration minerals and alteration versus dia-
genetic fields. CCPI-chlorite-carbonate-pyrite index. A. Boomerang deposit, B. Tulks Hill deposit, C. Tulks East deposit, D.
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concentrations (Figure 20C). Samples all have a strongly
negative Nb anomaly, a strong negative Ti anomaly in two
of the four samples, a slightly positive Eu anomaly, and neg-
ative Zr and Hf anomalies. Consequently, these samples can
be divided into two groups with calc-alkaline basalt or
island-arc tholeiite signatures. On a Ti—V discrimination
diagram, the two populations are clearly shown, i.e., the two
mafic volcanic samples with the island-arc tholeiite signa-
tures plot in the same field, whereas those with calc-alkaline
basalt signatures contain very little V and plot toward the
bottom of the diagram (Figure 21B). On a Th—Zr-Nb plot
(after Wood, 1980) all of the mafic volcanic samples plot in
the arc-basalt field.

Alteration Geochemistry

The felsic to intermediate volcanic rocks from the Tulks
Hill area show evidence of significant plagioclase destruc-
tion and sodium depletion in the footwall, and the immedi-
ate hangingwall. This zone of sodium depletion is common-
ly associated with increased iron and magnesium related to
pyrite and chlorite formation and increased calcium related
to carbonate alteration, as well as increased barium related
to barite alteration.

Chemical and mineralogical changes attributed to
hydrothermal alteration are illustrated in the alteration box
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plot of Large et al. (2001; Figure 22B). As illustrated, many
of the rhyolite samples plot well to the right of the least
altered box, indicative of intense sericite—pyrite—chlorite
alteration in both the hangingwall and footwall stratigra-
phies.

As with the Boomerang deposit, samples from both the
hangingwall and footwall show some enrichment in thalli-
um and antimony; however, the degree of enrichment is not
to the same level as that at the Boomerang deposit.

Tulks East Deposit
Host Rock Geochemistry

The host rocks to the Tulks East deposit are bimodal.
The felsic to intermediate host rocks are divided into crystal
tuff, lapilli tuff, and rhyolite. Quartz-phyric crystal tuffs
dominate both the hangingwall and footwall sequences, and
samples from both have relatively low Zr/TiO, (0.0283 and
0.0272) and Nb/Y ratios (0.07 and 0.03), and indicate a sub-
alkaline affinity (Table 1, Figure 15C). Felsic lapilli tuff
from the hangingwall and footwall have similar Nb/Y ratios
to the crystal tuff, and slightly lower Zr/TiO, ratios (0.0201
and 0.0189, respectively), whereas rhyolite from the hang-
ingwall and footwall have similar Zr/TiO, but more variable
Nb/Y ratios when compared with the crystal tuff. In com-
parison, quartz—feldspar crystal tuffs from the hangingwall
have a distinctly higher Zr/TiO, ratio (0.0809) but similar
Nb/Y ratios. However, the average is skewed by one sample
with a high Zr/TiO, ratio. The HFSE (e.g., Zr, Hf, Y, Nb and
Ta) contents of all the felsic-intermediate rocks are low to
moderate and are indicative of a volcanic-arc to ocean-ridge
setting on the Ta vs. Yb tectonic discrimination diagram
(Figure 16c). Primitive-mantle-normalized plots for the fel-
sic-intermediate rocks (Figures 17C, and 18D), are charac-
terized by weak to moderate LREE enrichments (with the
exception of the footwall felsic tuffs that have a slight deple-
tion), as shown by the La,/Smy ratios in Table 1, slight
depletions in MREE resulting in a slightly concave upward
profile (refer to the Gdy/Luy ratios in Table 1 and Figures
17C, and 18D), slight to moderate overall REE fractiona-
tions, strongly negative Nb and Ti anomalies, variably
strong negative Eu anomalies, and slightly positive Zr and
Hf anomalies. Most of the felsic to intermediate rocks have
very low Zr/Y and La/Yb ratios, similar to published values
for tholeiitic rocks (Barrett and MacLean, 1999; Table 1).
The Sm/Nd isotopic analyses of two samples of felsic tuff
yielded eNd (498 Ma) values of +2.90 and +3.10 (Figure 19,
Table 2).

The mafic volcanic rocks from Tulks East are charac-
terized by relatively flat, extended trace-element plots, with
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concentrations that are three to four times that of primitive
mantle (Figure 20D). Samples display a strong negative Nb
anomaly, a slight positive Eu anomaly, and slightly negative
Zr and Hf anomalies. The one sample of an andesitic sill has
a unique chemistry with a downward concave, extended
trace-element profile, similar to that associated with ocean-
island or back-arc-basin basalt. On a Ti—V discrimination
diagram, the mafic volcanic rocks plot predominantly in the
island-arc tholeiite field, whereas the lone sample of an
andesitic sill plots in the alkaline field (Figure 21C). On a
Th—Zr-Nb plot (after Wood, 1980) the mafic volcanic rocks
plot predominantly in the arc-basalt field with the one sam-
ple of the andesitic sill plotting at the N-MORB to E-MORB
boundary.

Alteration Geochemistry

The Tulks East deposit shows evidence of significant
plagioclase destruction and sodium depletion in both the
footwall felsic volcanic rocks as well as in the immediate
hangingwall felsic volcanic rocks. Sodium depletion is asso-
ciated with a mass gain of magnesium, and to a lesser extent
iron, related to chlorite and pyrite alteration, respectively.
Carbonate alteration is fairly minor as indicated by negligi-
ble increases in calcium, whereas barium is elevated in the
immediate hangingwall relative to the footwall (Figure 9B).

The bulk of the felsic volcanic rocks, both felsic tuff as
well as rhyolites, are strongly displaced toward the upper
right hand corner of the alteration box plot diagram, outside
of the area associated with least altered rock types, indica-
tive of extensive chlorite—pyrite—sericite alteration (Figure
22C). A small subset of felsic to intermediate samples also
appear to be trending to the bottom left portion of the dia-
gram, toward the diagenetic albite portion of the diagram,
indicative of regional alteration processes.

Volatile element enrichments or haloes, such as antimo-
ny and thallium, appear to be more pronounced and devel-
oped in the hangingwall felsic volcanic rocks relative to the
footwall felsic volcanic rocks (Figure 9B), and are perhaps
indicative of the sub-seafloor replacement mechanism for
ore formation. Such volatile haloes in hangingwall rocks are
not uncommon (e.g., Rosebery and Hellyer deposits, Aus-
tralia; Large et al., 2001).

Pats Pond Group

The Pats Pond group, as defined by Zagorevski et al.
(2007a), has been divided into six stratigraphic subunits. For
the purposes of this report, the chemistry will be discussed
based on rock type, to be consistent with the descriptions of
the other deposits herein.
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Felsic to intermediate rocks of the Pats Pond group are
hosted within the PP4 and PP6 subunits. Subunit PP4 con-
sists of quartz + feldspar, felsic-intermediate tuffs, and is
characterized by relatively low Zr/TiO, (0.0139) and Nb/Y
(0.05) ratios, placing the samples in the subalkaline
andesitic field (Figure 15D). The HFSE (Zr, Hf, Y, Nb, Ta)
contents of all the felsic to intermediate rocks are low to
moderate, characterizing them as volcanic-arc rocks on the
Ta vs. Yb tectonic discrimination diagram (Figure 16D).
Primitive-mantle-normalized plots for subunit PP4 are char-
acterized by moderate LREE enrichments (refer to the
La,/Smy ratios in Table 1 and Figures 17D, and 18E), mod-
erate depletion of MREE, weak overall REE fractionations,
moderate to strong negative Nb and Ti anomalies, slightly
negative Eu anomalies, and negligibly negative Zr and Hf
anomalies (Figure 17D). Subunit PP4 has low Zr/Y and
La/YDb values, similar to published values for tholeiitic rocks
(Barrett and MacLean, 1999; Table 1). Two Sm—Nd isotopic
composition analysis yielded eNd (487 Ma) values of +4.7
and +5.5 (Figure 19, Table 2).

Subunit PP6 consists of high-silica trondhjemitic rhyo-
lite and has much higher Zr/TiO, and similar Nb/Y relative
to subunit PP4 (Figure 15D). The HFSE (Zr, Hf, Y, Nb, Ta)
contents of these rocks are low to moderate, plotting on the
boundary of volcanic-arc and ocean-ridge-type rocks on the
Ta vs. Yb tectonic discrimination diagram (Figure 16D).
Primitive-mantle-normalized plots for subunit PP6 are char-
acterized by moderate LREE enrichments (refer to the
La,/Smy ratios in Table 1 and Figure 17E), moderate deple-
tion of MREE, weak overall REE fractionations, moderate
to strong negative Nb and Ti anomalies, negative Eu anom-
alies, and prominent positive Zr and Hf anomalies (Figure
17E). A Sm—Nd isotopic composition analysis yielded eNd
(487 Ma) of +3.86 (Figure 19, Table 2).

Andesitic tuff of subunit PP3 was used to date the Pats
Pond group (Zagorevski et al., 2007a). These rocks consist
of feldspar + quartz, felsic-intermediate tuffs and have very
similar chemical characteristics to subunit PP4.

Mafic to intermediate volcanic rocks of the Pats Pond
group consist of subunits PP1, PP2 and PP5 of Zagorevski
et al. (2007a). Subunit PP1 consists of transitional calc-alka-
line basaltic andesite to island-arc tholeiite where the mafic
volcanic rocks have strong, enriched LREE’s, strong Th
enrichment, prominent negative Nb anomalies, slight nega-
tive Ti anomalies, and negative Zr and Hf anomalies (Figure
20E). Andesitic sills have much higher concentrations of
HFSE and REE, display higher degrees of REE fractiona-
tion, and have variably moderate to strong negative Nb and
Ti anomalies and suggest a transitional calc-alkaline basalt
to island-arc tholeiite signature. On a Ti—V discrimination
diagram, the mafic volcanic samples plot predominantly

within the island-arc tholeiite field (Figure 21D), and on a
Th—Zr—Nb plot (after Wood, 1980) the mafic volcanics all
plot in the arc-basalt field. The Sm—Nd isotopic composition
analysis of two samples of subunit PP1 yielded eNd
(488Ma) values from +0.33 to -0.53 (Figure 19, Table 2).

Subunit PP2 consists of calc-alkaline basalt and mafic
tuffs. This subunit has similar chemistry to subunit PP1,
with the exception that it has an overall lower abundance of
HFSE and REE and it lacks the negative Ti anomaly (Figure
20F). Subunit PP5 consists of an intermediate to mafic tuff
and has chemical characteristics similar to those of the mafic
volcanic rocks of the Boomerang deposit. Subunit PP5 has
fairly flat to weakly depleted LREE, with overall flat
extended trace-element patterns, and values two to three
times that of primitive mantle concentrations. The chemical
profile parallels that for N-MORB, although with overall
lower element concentrations. The unit displays a moderate-
ly positive Th anomaly and a moderately negative Nb anom-
aly, and as such has an island-arc tholeiite signature.

NORTHERN TULKS VOLCANIC
BELT

Daniels Pond Deposit
Host Rock Geochemistry

Host rocks at the Daniels Pond deposit are dominanted
by intermediate to mafic compositions. As indicated above,
the level of alteration has led to confusion and misidentifi-
cation of many outcrop and drillcore samples, i.e., many
samples originally classified as felsic are actually interme-
diate to mafic in composition. Andesitic to mafic volcanic
rocks within the stratigraphy have been divided on the basis
of stratigraphic position, petrographic and alteration attrib-
utes, and lithogeochemistry, and this has resulted in the
identification of four populations, namely:

1) unaltered andesitic tuff in the hangingwall,

2) volumetrically dominant, andesitic tuff in the footwall,

3) relatively unaltered andesitic tuff in the immediate foot-
wall, and

4) intensely altered andesitic tuff in the footwall.

Based upon immobile element systematics (see discussion

above), it appears that these groups reflect different groups

of rocks rather than variations of a single protolith due to

alteration processes. There are also minor amounts of inter-

mediate lapilli tuffs, felsic tuffs and mafic sills in the stratig-

raphy.

The hangingwall andesites are distinguishable from the

footwall andesites by their relatively high Zr/TiO, (average
of 0.0114) and Nb/Y (average of 0.56). In contrast, the typ-
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ical footwall andesitic tuff has an average Zr/TiO, ratio of
0.0091 and a lower average Nb/Y of 0.23. In contrast, the
extremely altered andesitic tuff and the andesitic tuff in the
immediate footwall have lower average Zr/TiO, ratios of
0.0076 and 0.0078, respectively, and intermediate average
Nb/Y values of 0.44 and 0.33, respectively (Table 1, Figure
23A). In contrast to all other deposits in the TVB that are
hosted by more felsic rocks, the andesitic host rocks at the
Daniels Pond deposit have lower Zr/TiO, and higher Nb/Y
values. The subordinate intermediate lapilli tuff and felsic
ash and crystal tuff within the sequence have Zr/TiO, and
Nb/Y ratios similar to those at the other deposits (Table 1,
Figures 15 and 23A). The HFSE (Zr, Hf, Y, Nb, Ta) contents
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of all the host rocks are low to moderate, and indicate a vol-
canic-arc to ocean-ridge tectonic setting; see the Ta vs. Yb
diagram (Figure 24A). Primitive-mantle-normalized plots
successfully discriminate amongst the various populations
of andesitic tuffaceous rocks described above. The two sam-
ples from the hangingwall andesitic tuffs have moderate
LREE enrichments (refer to the La,/Smy ratios in Table 1
and Figure 25A), relatively flat MREE patterns, with one
sample that has positive Zr and Hf anomalies, and one sam-
ple that has a moderately negative Ti anomaly (Figure 25A).
The volumetrically dominant andesitic tuff from the foot-
wall is characterized by weak to moderate LREE enrich-
ments, as shown by the La,/Smy ratios in Table 1, slight
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depletions in MREE resulting in slightly concave upward
patterns (refer to the Gdy/Luy ratios in Table 1 and Figure
25B), slight overall REE fractionations, negative Nb and Ti
anomalies for all but two samples, and strongly negative Eu
anomalies for all but one sample. The andesitic tuffs from
immediately below the ore horizon have very similar primi-
tive-mantle-normalized patterns to the dominant andesite
except that they lack the prominent negative Nb anomalies,
and have flat to positive Eu anomalies (Figure 25C). The
variations in Eu anomalies may be attributable to effects of
plagioclase fractionation, whereas the variable Nb anomaly
most likely reflects a primary compositional variation. In
contrast to other andesitic rock units in the footwall, the
samples with extreme sericite—silica—aluminosilicate alter-
ation have primitive-mantle-normalized extended trace-ele-
ment patterns that are distinctly different. Specifically, they
have moderate to strong LREE enrichment, as shown by the
average La,/Smy ratio of 3.02 in Table 1, slight depletions
in MREE causing the slightly concave upward patterns
(refer to the Gdy/Luy ratios in Table 1 and Figure 25D),
moderate to strong overall REE fractionations, strongly neg-
ative Nb and Eu anomalies, and positive Zr, Hf, and Ti
anomalies. The intermediate lapilli tuff sample has a primi-
tive-mantle-normalized extended trace-element pattern sim-
ilar to that of the dominant andesitic tuff described above
(Figure 25E). Most of the intermediate rocks have very low
Zr/Y and La/Yb ratios, similar to published values for
tholeiitic rocks (Barrett and MacLean, 1999; Table 1). The
Sm—Nd isotopic composition analysis of two samples of the
extremely altered andesitic tuff and the andesitic tuff from
the immediate footwall yielded eNd (498 Ma) values of
+2.23 and +2.08, respectively (Figure 19, Table 2).

The mafic volcanic rocks from the Daniels Pond
deposit show some variation in chemical profiles ranging
from weakly fractionated to relatively flat extended trace-
element plots with moderately enriched Th and Nb, through
to samples with moderate LREE enrichment and weak to
moderately negative Nb and Ti anomalies (Figure 26). All of
these samples have approximately four to ten times enrich-
ment relative to primitive mantle concentrations. On a Ti-V
discrimination diagram, the mafic volcanic samples fall pre-
dominantly within the island-arc tholeiite field with a few
samples falling into the low Ti island-arc thoellite field (Fig-
ure 27). On a Th—Zr-Nb plot (after Wood, 1980) the mafic
volcanics plot in a range between the arc-basalt field and the
ocean island basalt field.

Alteration Geochemistry

The Daniels Pond deposit shows evidence of significant
plagioclase destruction and sodium depletion in the footwall
of VMS mineraliztion, with little to no alteration (sodium
depletion) in the hangingwall (Figure 13). Sodium depletion
is commonly associated with increased iron and magnesium
related to pyrite and chlorite alteration in the footwall (Fig-
ure 13B).

The intermediate volcanic rocks in the hangingwall pre-
dominantly plot in the least altered box (Figure 28A). Sur-
prisingly, the andesitic rocks from the immediate footwall
(~1-5 m from the massive sulphide) also plot within the field
of least altered rocks. In contrast, the typical andesitic rocks
that dominate the footwall plot toward the upper right part
of the diagram and indicate mixed chlorite—pyrite—sericite
alteration. Samples of extremely altered andesite from the
footwall plot at the bottom right part of the diagram, and
indicate very intense sericite—muscovite—paragonite alter-
ation. This distribution of the rock groups is supported, for
the most part, by petrography.The extremely altered foot-
wall rocks, i.e., those with intense sericite—muscovite—
paragonite alteration, appear to be disproportionally affect-
ed by structural shearing, which imparted a schistosity to
these rocks. Given that the massive sulphides locally display
evidence of being deformed (e.g., isoclinally folded), it is
possible that this alteration signature may be influenced by
regional-scale structural and alteration events.

In addition to major-element variations related to VMS-
associated hydrothermal alteration, some of the minor
volatile elements are also enriched in the rocks immediately
surrounding the VMS-bearing horizons. Of note, thallium
and antimony are enriched in the rocks immediately around
the ore horizon, with the strongest enrichment in the strati-
graphic footwall rocks (Figure 13B; note overturned stratig-

raphy).
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Bobbys Pond Deposit

Host Rock Geochemistry
Unlike many of the previously described deposits, the

host rocks to the Bobbys Pond deposit are predominantly
felsic volcanic and are dominated by massive and coherent
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rhyolite, with subordinate amounts of tuffaceous rocks. The
dominant rhyolitic host rocks from the Bobbys Pond deposit
are most similar to those that host the Tulks Hill deposit. All
of the felsic rocks at Bobbys Pond, with the exception of the
felsic tuff in the footwall, have high Zr/TiO, ratios averag-
ing 0.0700 to 0.0775 with Nb/Y averaging 0.05 to 0.06 (Fig-
ure 23B). In contrast, the felsic tuff from the footwall has an
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Figure 27. Ti—V tectonic discrimination diagram from Shervais (1982) for mafic rocks from the Daniels Pond deposit, north-

ern TVB. HW-hangingwall, FW—footwall.

average Zr/TiO, of 0.0411 and an average Nb/Y ratio of
0.67. The HFSE (Zr, Hf, Y, Nb, Ta) contents of all the felsic-
intermediate rocks are low to moderate, implying a vol-
canic-arc to ocean-ridge tectonic setting on the Ta vs. Yb
diagram (Figure 24B). Primitive-mantle-normalized plots
for these rhyolites are characterized by moderate to strong
LREE enrichments (refer to the La,/Smy ratios in Table 1
and Figure 25G), slight depletions in the MREE patterns,
imparting a slightly concave upwards pattern, moderate
REE fractionation, and strongly negative Nb and Ti anom-
alies (Figure 25G). Most of the rhyolites have relatively low
Zr/Y and La/Yb ratios, similar to published values for
tholeiitic rocks (Barrett and MacLean, 1999; Table 1). The
Sm—Nd isotopic composition analysis of two samples of
quartz and feldspar phyric rhyolite from the hangingwall
and footwall yielded eNd (498Ma) values of +5.04 and
+3.814, respectively (Figure 19, Table 2).

Alteration Geochemistry

The rocks hosting the Bobbys Pond deposit display
variably intense, protolith dependant, alteration that is inter-
preted to result from variable competency, porosity, and per-
meability between massive flows and tuffaceous rocks. Fel-
sic tuffs from the footwall show evidence of significant pla-
gioclase destruction and replacement by sericite and overall
sodium depletion. The sodium depletion in these tuffs is
commonly associated with mass addition of iron and mag-
nesium related to pyrite and chlorite alteration, increased

calcium related to carbonate alteration, and increased bari-
um related to barite alteration (Figure 14B). In contrast,
most of the massive rhyolite, in both the hangingwall and
footwall to the massive sulphide horizons, do not show evi-
dence of significant sodium depletion. The exception to this
is a small subset of samples from the immediate footwall
(within 5 m of VMS) or from between sulphide lenses. As
illustrated, the bulk of the felsic tuffaceous rocks, and a sub-
set of the massive rhyolite in the immediate vicinity of the
VMS horizon(s) have relatively high-alteration indicies and
fall in the upper right part of the alteration box plot diagram,
beyond the field of least altered samples (Figure 28B).
These samples likely represent mixtures of sericite—chlo-
rite—carbonate—pyrite alteration as supported by petrograph-
ic evidence. A small subset of rhyolitic host rocks, all from
the footwall of the deposit, plot near the bottom left part of
the alteration box plot diagram (Figure 28B), and are indica-
tive of diagenetic albite, a mineralogical observation sup-
ported by petrographic examination. The presence of albite
in the deeper parts of the footwall suggest Na enrichment,
likely due to regional, rather than local, alteration processes.
However, it should be noted that the identification of the
hangingwall versus footwall stratigraphy at the Bobbys
Pond deposit is complicated by structural modifications
(e.g., intense shearing, potential repetition of massive sul-
phide-bearing horizons, and the absence of a well-defined
footwall alteration zone. The occurrence of samples with
very strong alteration from the same stratigraphic interval
that hosts samples with albitization leads to the conclusion
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Figure 28. Alteration box plots for rocks from Daniels Pond and Bobbys Pond deposits with vectors for various alteration
minerals and alteration versus diagenetic fields (Large et al., 2001). CCPI—chlorite-carbonate-pyrite index. A. Daniels Pond
deposit; and B. Bobbys Pond deposit. HW—hangingwall, FW—footwall.

that the albitization is occurring in the footwall. As with the haloes (e.g., Sb, Tl, efc.) associated with the VMS mineral-
other deposits studied, there are minor volatile element ization at the Bobbys Pond deposit (Figure 14B).
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U-Pb GEOCHRONOLOGY

INTRODUCTION

All rocks within the TVB were originally considered to be
of similar age based on a U-Pb date of 498 +6/-4 Ma, from
a subvolcanic porphyry, located close to the Tulks Hill VMS
deposit (Evans et al., 1990). However, recent mapping and
geochronological studies by the GSC (Rogers et al., 2005;
van Staal et al., 2005) have led to a modified interpretation
of the TVB to define a series of generally westward-young-
ing sequences of juxtaposed tectonostratigraphic belts,
including the Tulks group (ca. 498 Ma), the Pats Pond group
(ca. 488 Ma), the Sutherlands Pond group (ca. 462-457 Ma;
Dunning ef al., 1987; Zagorevski et al., 2008), and the Wig-
wam Brook group (ca. 453 Ma; van Staal et al., 2005;
Zagorevski et al., 2007a). The Wigwam Brook group was
dated from a sample of quartz and feldspar crystal tuff
immediately south of Pats Pond, whereas the Sutherlands
Pond group was dated from a number of localities in the
Sutherlands Pond and Victoria River mouth areas in the
northern TVB (Dunning et al, 1987; Zagorevski et al.,
2008). The age of the Pats Pond group was obtained from a
sample of bimodal breccia collected in the Burgeo Highway
area, approximately 30 to 35 km southwest of the
Boomerang deposit, in a package of rocks physically seper-
ated from the Pats Pond group type section, and the rocks
that host the Boomerang deposit. Thus, correlations are not
simple, and many assumptions are involved.

Based upon the stratigraphy proposed by the GSC map-
ping, four of the main VMS occurrences in the TVB (Tulks
East, Tulks Hill, Daniels Pond, and Bobbys Pond deposits)
are interpreted to occur within the Jacks Pond formation of
the Tulks group (van Staal et al., 2005 and Lissenberg et al.,
2005), whereas the Boomerang deposit is interpreted to
occur within the younger Pats Pond group (Zagorevski et
al., 2007a and van Staal et al., 2005).

Geochronological studies were initiated in the TVB as
part of this study in an attempt to further characterize the
stratigraphy of the belt and constrain the timing of VMS
mineralization. Although five samples of felsic tuffs, felsic
sills, and rhyolite flows were collected, only two samples
contained sufficient zircon for U-Pb age dating. Both sam-
ples were from the Boomerang deposit. The U-Pb
geochronology analysis was conducted at the Geochronolo-
gy Laboratory, of the Geological Survey of Canada, as part
of a collaborative study with V. McNicoll. The work is dis-
cussed by Hinchey and McNicoll (2009).

ANALYTICAL METHODS

All samples selected for geochronological analysis
were collected from drillcore. Heavy mineral concentrates
were prepared by standard crushing, grinding, Wilfley table,
and heavy liquid separation techniques, following which
mineral separates were sorted by magnetic susceptibility
using a Frantz™ isodynamic separator, all conducted by per-
sonnel at the Geochronology Laboratory of the Geological
Survey of Canada.

The U-Pb Isotope Dilution-Thermal Ionization Mass
Spectrometer (ID-TIMS) analytical methods utilized in this
study are outlined in Parrish et al. (1987). Multigrain zircon
fractions for TIMS analyses comprised between 10 to 25
grains (see Table 3) and were very strongly air abraded fol-
lowing the method of Krogh (1982). Details of zircon mor-
phology and quality are summarized in Table 3. Treatment
of analytical errors follows procedures outlined in Roddick
(1987), with regression analysis modified from York (1969).
The U-Pb TIMS analytical results are presented in Table 3,
where errors on the ages are reported at the 2c level, and dis-
played in a concordia plot (Figure 29A).

The Sensitive High Resolution Ion MicroProbe
(SHRIMP II) analyses were conducted using analytical and
data reduction procedures described by Stern (1997) and
Stern and Amelin (2003). Zircons from the samples and
fragments of the GSC laboratory zircon standard (26266 zir-
con, with **Pb/**U age = 559 Ma) were cast in an epoxy
grain mount (mount IP419), polished with diamond com-
pound to reveal the grain centres, and photographed in trans-
mitted light. The mount was evaporatively coated with 10
nm of high-purity Au, and the internal features of the zircons
were characterized with backscattered electrons (BSE) uti-
lizing a scanning electron microscope (SEM). Analyses
were conducted using an O primary beam projected onto the
zircons with an elliptical spot size of 25 pm (in the longest
dimension). The count rates of ten isotopes of Zr', U*, Th',
and Pb’" in zircon were sequentially measured using a single
electron multiplier. Off-line data processing was accom-
plished using customized GSC software. The SHRIMP II
analytical data is presented in Table 4. Common Pb-correct-
ed ratios and ages are reported with lo analytical error,
which incorporate an external uncertainty of 1.1% in cali-
brating the standard zircon (see Stern and Amelin, 2003).
The **Pb/**U ages for the analyses have been corrected for
common Pb using both the 204- and 207-methods (Stern,
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Table 3: U-Pb TIMS analytical data

Ages (Ma)®

207 Pb
235U

Isotopic Ratios®

206Pb

%
Disc

pp  +2SE

ZOGPb

*2SE

+1SE pp  +2SE

207Pb
206Pb

Corr.”

+1SE

*1SE

207Pb
ZJSU

208Pb
ZOGPb

Pb®

206 P b4

Pb®
ppm__ppm

Wt.

Description’

Fract.'

238
u

Abs

=8y Abs Coeff.

Abs

Pg

204Pb

ug

JHC-06-239 (z9127): Ash/lapilli tuff, Boomerang deposit

692.1 65.1 28.0

5.0 541.1 157

505.9
492.9

0.700 0.06253 0.00097
0.698 0.05739 0.00020

0.70382 0.01320 0.08164 0.00042

0.21

106 63
407

3

30
40

A1(Z;21) Co,CIr/fin,fFr,Eu,El, Dia

506.7 154 2.8

1.5 4954 35
1.6 4973 3.9
15 4960 3.6
20 4994 53
1.3 4974 22

20 5171

0.19 0.62881 0.00278 0.07946 0.00012
0.18 0.63199 0.00312 0.07989 0.00013
0.19 0.62987 0.00285 0.07949 0.00013
0.18 0.63532 0.00430 0.07980 0.00017
0.18 0.63209 0.00179 0.07932 0.00011
0.17 0.66413 0.00690 0.07993 0.00017

29

57

A2 (Z;20) Co,CIrfin,fFr,Eu,El, Dia

506.0 17.3 2.2

495.5

0.709 0.05738 0.00023
0.700 0.05747 0.00021

7 372 47
400

81

41

A3 (Z;21) Co,ClIr/fin,fFr,Eu,El, Dia

509.6 15.7 3.4

493.1

25

59

33
40

B1(Z;19) Br,Clrfin,fFr,Eu,Pr,Dia

520.0 239 5.0

494.9

0.702 0.05774 0.00032
0.686 0.05779 0.00012

253 70
673

83 7

64
99

B2 (Z;25) Co,ClIr,fIn,fFr,Eu,Pr,Dia

5219 94 59
612.9 40.2 19.9

4921

16
12

33

60

C1(Z;10) Br,Clr,fIn,fFr,Eu,St,Dia

8.4

495.7

0.530 0.06026 0.00057

266

8

C2 (Z;15) Co.ClIr,fIn,fFr,Eu,St,Dia

Notes:
'z

zircon. Number in bracket refers to the number of grains in the analysis.

Diamagnetic.

Elongate, Pr=Prismatic, St=Stubby Prism, Dia

Euhedral, ElI=

Few Inclusions, Eu=

2Fraction descriptions: Br=Light Brown, Co=Colourless, Clr=Clear, fFr=Few Fractures, fln=

3Radiogenic Pb

“Measured ratio, corrected for spike and fractionation

5Total common Pb in analysis corrected for fractionation and spike

SCorrected for blank Pb and U and common Pb, errors quoted are 1 sigma absolute; procedural blank values for this study ranged from <0.1- 0.1 pg for U and 1-3 pg for Pb; Pb blank isotopic

composition is based on the analysis of procedural blanks; corrections for common Pb were made using Stacey-Kramers compositions

"Correlation Coefficient

8Corrected for blank and common Pb, errors quoted are 2 sigma in Ma

1997), but there is no significant difference in the results.
The data are plotted in concordia diagrams with errors at the
26 level (Figures 29B and C), using Isoplot v. 3.0 (Ludwig,
2003) to generate the plots. A Concordia age (Ludwig, 1998)
is calculated for some of the samples herein. A Concordia
age incorporates errors on the decay constants and includes
both an evaluation of concordance and an evaluation of
equivalence of the data. The calculated Concordia age and
errors quoted in the text are at 2c with decay constant errors
included.

RESULTS

Sample JHC-06-239 (29127)

A sample of intermediate ash to lapilli tuff was collect-
ed from diamond drill-core, hole GA-05-016 (interval
345.7-360.1 m). The sample sits directly above the massive
sulphide zone at the Boomerang deposit. The sulphide in the
deposit replaces this same rock type (Squires et al., 2005;
Hinchey, 2007), suggesting that the rock was not complete-
ly consolidated at the time of the mineralization and is inter-
preted to be more or less syn-mineralization in age.

The sample yielded abundant zircon, of fairly good
quality, and only minor fractures and inclusions were pres-
ent in almost all of the grains; zircon morphology ranges
from stubby prismatic to elongate. Multigrain zircon frac-
tions were analyzed by ID-TIMS. These data, which were
analyzed in four different U-Pb chemistry batches, contain
a significant amount of common lead (12-70 pg, Table 3),
which is related to inclusions in most of the zircon, as
opposed to procedural lead blanks. Some of the zircon
analyses are quite discordant (20-28%) and contain inherit-
ed components (C2 and A1, not plotted); however, some of
the fractions are nearly concordant (Figure 29A, Table 3). A
weighted average of the *Pb/**U ages of the most concor-
dant analyses is calculated to be 493.0 £ 2.4 Ma
(MSWD=1.8). There is some scatter of the data, which is
most likely a result of minor inheritance in these analyses.

Representative zircons from the sample were placed on
a grain mount for imaging with a backscatter (BSE) detec-
tor on a scanning electron microscope (SEM). Many of the
zircons are interpreted to be magmatic in origin, with well-
defined oscillatory zoning (Plate 25A). Other grains appear
to contain inherited cores and show good core-rim relation-
ships.

The SHRIMP data for this sample define a cluster over-
lapping concordia (Figure 29B, Table 4) that define an age
0f 490.6 + 2.9 Ma (MSWD of concordance and equivalence
= (.72; probability = 0.95; n=22). This calculation utilized
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Figure 29. A. U-Pb Concordia diagram for the ash/lapil-
Ii tuff from the Boomerang deposit; analyzed using Ther-
mal lonization Mass Spectrometer (TIMS) techniques. B.
U-Pb Concordia diagram for the ash/lapilli tuff from
Boomerang; analyzed using Sensitive High Resolution
Ion MicroProbe (SHRIMP II) techniques. C. U-Pb Con-
cordia diagram for the felsic dyke from Boomerang, ana-
lyzed using SHRIMP II techniques. The red ellipses in
Figures 29B and 29C represent inherited zircons.

all of the SHRIMP analyses except one, which is highlight-
ed in red on Figure 29B. This older analysis at ca. 530 Ma
(Table 4) is interpreted to be from an inherited zircon. The
date of 491 + 3 Ma is taken to be the time of crystallization
of the zircon in the tuff and constrains the maximum timing
of mineralization. Although the sulphides have replaced this
host rock, the interval between deposition and mineraliza-
tion is not considered significant (e.g., see Hinchey, 2007).

Sample JHC-06-240 (z9128)

A sample of a felsic dyke was collected from drillhole
GA-05-079 (interval 247.1-264.0 m), directly above the sul-
phide zone at the Boomerang deposit. The sample yielded a
very small amount of zircon; not enough material for ID-
TIMS analysis, but the zircon retrieved was placed on a
grain mount and analyzed using the SHRIMP II. Backscat-
ter SEM images reveal oscillatory-zoned grains that appear
magmatic and also grains with possible inherited cores
(Plate 25B).

The SHRIMP data define a cluster of data overlapping
concordia (Figure 29C, Table 4). A concordia age, utilizing
all of the SHRIMP analyses except 2 (see below), is calcu-
lated to be 490.7 £ 2.9 Ma (MSWD of concordance and
equivalence = 0.96; probability = 0.54; n=20). This date of
491 + 3 Ma is interpreted to reflect the time of crystalliza-
tion of the felsic dyke and implies that the dyke emplace-
ment was essentially synchronous with the tuffaceous rocks
represented by sample JHC-06-239 (z9127).

Two of the analyses are slightly older with ages of ca.
510 and 514 Ma (Table 4; highlighted in red on Figure 29C).
These zircons are interpreted to be entirely inherited grains
in the rock. These inheritance ages are the same as the crys-
tallization ages of volcanic rocks previously dated at the
Duck Pond deposit (McNicoll et al., 2008). Given that zir-
con yield was poor in this sample, there is a possibility that
all of the zircon in the felsic dyke is xenocrystic, i.e., inher-
ited from the rocks that the dyke has intruded.
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Plate 25. Representative back-scattered electron images of zircons. A. felsic ash-lapilli tuff from the Boomerang deposit; and
B. felsic dyke from the Boomerang deposit.
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DISCUSSION

VMS DEPOSIT CLASSIFICATIONS:
SPECTRUM OF DEPOSIT TYPES

Exhalative versus Replacement Ore-Forming
Mechanisms

Mechanisms for the formation of VMS deposits are
commonly described in terms of two main processes: 1)
exhalative or supra-seafloor sulphide accumulation (e.g.,
chimney-growth process or precipitation from a brine-pool),
or 2) sub-seafloor replacement and associated sulphide
accumulation (e.g., Doyle and Allen, 2003; Franklin ef al.,
2005). Both methods of formation are recoginized in the
deposits in the TVB. The recognition and understanding of
the second process is relatively new and it has implications
for the deposits in the TVB, particularily in the southern por-
tion of the belt.

Doyle and Allen (2003) describe three main criteria that
are diagnostic of sub-seafloor massive sulphide deposits,

1) the massive sulphides are enclosed within rapidly
emplaced volcanic or sedimentary facies (e.g., pyro-
clastic or tuffaceous rock types, mass-flow deposits),

2) the massive sulphides contain some relicts of the host
rocks, and

3) replacement fronts can be recoginized between the mas-
sive sulphide and the host rocks.

Other characteristics that may indicate replacement of the

host rocks include discordance between mineralization and

bedding, and the presence of strong hydrothermal alteration
in the hangingwall sequence.

The VMS deposits in the southern portion of the belt,
e.g., the Tulks East, Tulks Hill, and Boomerang deposits,
display many of these characteristics (see Kean and Evans,
1986; Squires et al., 2005; Hinchey, 2007; Squires, 2008). In
all cases, hydrothermal fluids permeated favourable hori-
zons in unconsolidated (?), porous, and permeable felsic
volcanic and related sedimentary rocks resulting in variable
degrees of replacement of the original rock by massive sul-
phides. The mixing of upwelling hydrothermal fluids with
cooler inter-pore fluids and seawater result in the formation
of a strata-bound massive sulphide lens, which is enveloped
by a halo of hydrothermal alteration (e.g., Gibson, 2005).
The three deposits also show evidence of relict host rock
types (felsic ash and crystal tuff) within the ore in the form
of relict quartz crystals (Plates 31, 10E), they locally pre-
serve original bedding, and they all display hydrothermal
alteration and contain stringer mineralization in both the
hangingwall and footwall (Figures 5 and 9, Plates 3—11). In
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addition, all three deposits contain fine-grained sedimentary
rocks either in the mineralized horizon, or directly above it,
which may have acted as a physical barrier to fluid migra-
tion and trapped the metalliferous fluids in the prospective
horizons. Evidence for sub-seafloor replacement processes
has also been documented at the Duck Pond deposit (McNi-
coll et al., 2008), which exhibits similar textures to those
outlined above. However, in order for sub-seafloor, replace-
ment-style mineralization to form there must have been
upward and outward movement of extremely large volumes
of hydrothermal fluids (Franklin ef al., 2005 and Doyle and
Allen, 2003). Most VMS deposits are associated with rifting
of arcs in extensional tectonic regimes, which promotes
development of large-scale faults and fractures. Conse-
quently, it is likely that some of the upwelling hydrothermal
fluids would reach the seafloor to vent and produce metal-
liferous exhalative sedimentary rocks. Although evidence of
exhalative processes are preserved in the Daniels Pond
deposit in the northern TVB, such evidence in the southern
TVB is only manifest as exhalative, sulphide-bearing hori-
zons at the Dragon Pond and Curve Pond prospects. The
presence of sulphide-bearing (exhalative?) sedimentary
rocks in the hangingwall of the Boomerang deposit (Plate
3H) may also represent evidence for the venting of fluids.

In the northern TVB, evidence for possible replace-
ment-style VMS mineralization is observed at the Jacks
Pond prospect, and possibly the Bobbys Pond deposit (see
below; see also McKenzie et al., 1993). In both cases it
appears that hydrothermal fluids infiltrated favourable hori-
zons in unconsolidated tuffs (Jacks Pond), or heterogenous,
variably porous felsic volcanic rocks (Bobbys Pond). This
process resulted in variable degrees of replacement of the
original host rock by massive sulphides. Both deposits local-
ly retain evidence of primary textures within the ore, e.g.,
relict quartz crystals, and they display hydrothermal alter-
ation in both the hangingwall and footwall (e.g., Figure 14).
In addition, both deposits locally contain fine-grained
siliceous sedimentary rocks either within the mineralized
horizon (e.g., Bobbys Pond), or stratigraphically above it
(e.g., Cathys Pond horizon above the Jacks Pond deposit).
Such sedimentary units may have acted as a physical barri-
er to upward-flowing fluid migration, thereby trapping met-
alliferous fluids in underlying rocks. The possible genetic
link between the Cathys Pond exhalative horizon and the
Jacks Pond prospect suggests a large-scale upward migra-
tion of hydrothermal fluids. Thus, the system produced
mostly replacement-style mineralization at depth, but this
was accompanied by exhalative-type mineralization associ-
ated with those hydrothermal fluids that did reach the
seafloor and vented into the water column. At the Bobbys
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Figure 30. Schematic diagram illustrating the two types of VMS-forming environments observed in the TVB (replacement ver-
sus exhalative). Note that the two environments are commonly interpreted to be related and forming continuums.

Pond deposit, the occurrences of very fine-grained, sul-
phide-bearing sedimentary rocks in the immediate hanging-
wall may represent exhalative mineralization.

The massive sulphide clast-bearing debris-flow brec-
cias in the immediate stratigraphic hangingwall of the
Daniels Pond deposit suggest that the mineralization most
likely formed through exhalative processes on the seafloor.
An alternative explanation would be that the mineralization
formed via replacement processes and was later tectonically
modified via either debris-flow volcaniclastic brecciation or
fault brecciation along a syn-sedimentary fault.

As such, the TVB contains a spectrum of deposit styles,
ranging from exhalative VMS deposits that formed on the
seafloor through to replacement-style deposits that formed
in the sub-seafloor, and combinations thereof (Figure 30).

Classification of VMS Mineralization

Previous classification schemes of the VMS deposits in
the TVB were largely based upon characteristics such as tec-

tonic settings and metal contents (e.g., Swinden 1991,
1996), rather than variations in host rock types or alteration
assemblages. Using the recent classification schemes of
Barrie and Hannington (1999), Hannington et al. (1999) and
Galley et al. (2007), the VMS deposits in the TVB fit into a
number of different classifications.

Southern Tulks Volcanic Belt Deposits

The main deposits in the southern Tulks Volcanic Belt
(e.g., Boomerang, Tulks Hill and Tulks East) range from a
bimodal felsic to a bimodal siliclastic classification. Gener-
ally, the VMS deposits in the southern TVB contain host
sequences that are dominated by >50% felsic volcanic rocks
and/or 35 to 50% felsic-derived epiclastic rocks, have ~10-
15% siliclastic rocks in the host stratigraphic succession,
with mafic volcanic and intrusive rocks forming the remain-
der. However, it should be noted that the deposits may also
contain locally abundant siliclastic sedimentary rocks, with
proportions on par with felsic and mafic volcanic rocks. As
observed in the Tulks deposits, such environments com-
monly produce Zn-rich ore systems.
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The deposits in the southern TVB share some similari-
ties with the Duck Pond and Boundary deposits in the Tally
Pond Volcanic Belt to the east, in that they are dominated by
replacement-style mineralization (Squires et al., 2001;
Squires and Moore, 2004; McNicoll et al., 2010). However,
they differ in that the deposits in the Tally Pond Volcanic
Belt are associated with felsic volcanic rocks that common-
ly display coherent flow-banding and form rhyolite domes,
whereas deposits in the southern TVB occur in successions
dominated by felsic volcaniclastic and sedimentary rocks.

Northern Tulks Volcanic Belt Deposits

Although the major deposits in the northern TVB (e.g.,
Daniels Pond and Bobbys Pond) have characteristics similar
to those of the bimodal felsic type of deposits, they also
have some characteristics that are more similar to the hybrid
bimodal felsic VMS-high-sulphidation epithermal type
deposits (Figure 4). Three lines of evidence for a shallow-
water, hybrid VMS-epithermal environment in the northern
part of the belt are identified:

1) locally developed acidic aluminosilicate (halloysite—
illite—sericite) alteration in the immediate footwall, and
locally in the hangingwall (e.g., Daniels Pond and Bob-
bys Pond deposits),

2) local occurrences of silica—alunite—native sulphur =+
pyrite—orpiment—stibnite alteration in the vicinity of the
Daniels Pond and Bobbys Pond deposits, and

3) local development of vuggy silica textures in the vicin-
ity of the deposits.

It should be noted that the presence of halloysite (a kaolin-

ite group mineral) has only been tentatively identified in a

small number of samples via traditional XRD analysis and

also using visible-infrared reflectance spectrometry.

Aluminous alteration assemblages have been identified
at a number of VMS deposits, in particular from the Kuroko
district of Japan, Australian deposits (e.g., Western Tharsis),
a small subset of Canadian Deposits (e.g., some deposits in
the Doyon Bousquet LaRonde District), and also from
active seafloor systems (e.g., see Sillitoe ef al., 1996; Han-
nington et al., 1999; Huston and Kamprad, 2001; Dub¢ et
al., 2007; and references therein). The presence of argillic
and advanced argillic alteration assemblages indicates that
these deposits formed under more oxidized, lower pH, con-
ditions than those typically implied for most VMS deposits
in which the hydrothermal fluids are dominated by seawater
circulation (e.g., see Sillitoe et al., 1996; Hannington et al.,
1999). In order for halloysite (a kaolinite group mineral) to
be stable in a fluid, the pH of the fluid must be <3.5, i.e., sig-
nificantly lower that the typical range of 5 to 6 suggested for
most VMS-forming fluids (Gifkins et al., 2005). Such low
pH fluids could be generated by the introduction of mag-
matic volatiles into the hydrothermal system. Due to the
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buffering capacity of potassium-rich sericite and chlorite
alteration assemblages within these deposits, this process is
likely not applicable to the TVB deposits. Therefore, it is
suggested that magmatic fluids played a greater role in VMS
hydrothermal systems in the northern TVB, and that fluid
boiling may have been locally important. It is also postulat-
ed that mineralization formed in a shallow-marine environ-
ment, in some respects equivalent to a shallow-submarine
version of the typical subaerial, high-sulfidation epithermal
deposit environment. This provides a reasonable explana-
tion for characteristics typical of both VMS and epithermal-
type deposits (see below; Figure 31).

Although the deposits in the northern TVB share many
similarities with the deposits in the southern part of the belt
(e.g., styles of mineralization, felsic host rocks, etc.), the
stratigraphy contains a higher proportion of extrusive rhy-
olitic facies (e.g., blocky rhyolite flows, rhyolite breccias,
etc.) that are indicative of a more vent-proximal environ-
ment (Figure 31). It is also suggested that the northern Tulks
deposits likely formed in an area of relatively ‘high-standing
ground’ within the basin, under relatively shallow-water
conditions, compared to the deep-water, sediment-dominat-
ed distal environment suggested for the southern TVB
(Hinchey, 2007). It is also possible that parts of the northern
TVB may have been part of an emergent arc environment,
although evidence is lacking. From south to north, the TVB,
specifically the Jacks Pond formation of the Tulks group, is
interpreted to record a transition from a deep-basin, classic
VMS environment (e.g., Tulks East, Tulks Hill, and perhaps
the Boomerang deposits), to shallower water, vent-proximal
bimodal VMS-epithermal-style deposits (e.g., Daniels Pond
deposit).

VOLCANIC ENVIRONMENTS AND
TECTONIC SETTINGS FOR VMS
MINERALIZATION

The VMS deposits of the southern TVB typically occur
in thick successions of felsic volcaniclastic rocks intercalat-
ed with varying amounts of sedimentary rocks, compared to
a more volcanic-dominated environment for the northern
TVB. Fining-upward turbiditic sequences are common in
the mineralized packages of rocks in the southern TVB
whereas felsic-intermediate flows are more commonly asso-
ciated with the deposits in the northern part of the belt. In
both areas, bimodal volcanic sills occur syngenetically with
the volcanic, volcaniclastic and sedimentary rocks. Many of
the basaltic sills are amygdaloidal at their tops and have
chilled lower margins. These relationships suggest that the
VMS systems formed in an environment of active volcan-
ism and synchronous sedimentation, most likely within a
rifted basin, possibly of back-arc affinity. This interpretation
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Figure 31. 4) Schematic diagram illustrating the two types of VMS-forming environments in the TVB (after Hannington et al.,
1999) (e.g., deep-water, typical VMS environment suggested for the southern TVB (B) (from Galley, 1993), through to shal-
lower water, VMS—epithermal-type environment suggested for the northern TVB (C) (from Hannington et al., 1999)).

is supported through lithogeochemistry conducted as part of
this study, as well as previous lithogeochemical investiga-
tions in the area (e.g., Swinden ef al., 1989; Evans and Kean,
2002 and references therein; Rogers, 2004; Zagorevski et

al., 2007a). Although mainly conducted on the mafic vol-
canic rocks, the early studies of Swinden et al. (1989) and
Evans and Kean, (2002), were instrumental in documenting
the change in chemical signatures that marked the transition
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from an active arc to a non-arc or back-arc rift environment.
The upper basalts of Swinden ef al. (1989) have a LREE-
enriched trace-element pattern, which, in addition to sup-
porting a non-arc environment, suggests high heat-flow
regimes (see Figure 13A of Evans and Kean, 2002).

Recent work of Zagorevski et al. (2007a) on the area of
the southern TVB, as well as the detailed lithogeochemical
work associated with this study focusing on areas of VMS
mineralization, builds upon the early work and also supports
an environment with episodic arc development and rifting
(see section below on Lithogeochemical Patterns).

This transition from an island-arc (convergent regime)
to an arc-rift or back-arc (extensional regime) environment
is important as such transitions and extensional environ-
ments are considered important for VMS formation. The
combination of active progressive rifting and high heat-flow
allows conduits to form and focus both upward hydrother-
mal fluid flux as well as downward seawater recharge into
the hydrothermal system (e.g., Lesher ef al., 1986; Lentz,
1998; Piercey et al., 2001). The heat pump for the
hydrothermal system may be related to subvolcanic intru-
sions and/or upwelling asthenospheric mantle in a back-arc
rift-environment. Franklin et al. (2005) also point out that
the bimodal magmatism that accompanies rifting (such as
that in the southern TVB) also implies a high geothermal
gradient.

LITHOGEOCHEMICAL PATTERNS

The detailed geochemistry presented in this report pro-
vides information on the tectonic settings of felsic and mafic
volcanic rocks associated with VMS mineral deposits, and
also allows comparison of these host sequences.

The relatively low HFSE and REE concentrations of the
rocks, coupled with the ubiquitous, yet variably developed,
negative Nb and Ti anomalies on primitive-mantle-normal-
ized, extended trace-clement plots for the felsic and inter-
mediate rocks are diagnostic of formation in an arc environ-
ment (e.g., Pearce and Peate, 1995). In light of the presence
of the inherited zircon in geochronological samples from the
Boomerang deposit, it could be argued that the negative Nb
and Ti anomalies in the felsic rocks could be due to re-melt-
ing of older crustal source material with arc parentage that
had been previously affected by subduction processes. How-
ever, the synchronous mafic rocks of calc-alkaline and
island-arc tholeiitic affinity that occur throughout the TVB,
suggest an arc environment.

A comparison of the felsic-intermediate host rock litho-

geochemical signatures from the five main deposits, as well
as for the Pats Pond group, illustrates some subtle but poten-
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tially important differences. First, rhyolites from the Tulks
Hill and Bobbys Pond deposits have higher Zr/TiO, ratios
compared to the other areas. However, the variation in the
Zr/TiO, ratios, especially in the case of the Tulks Hill sam-
ples, is predominantly related to lower TiO, rather than an
increase in Zr concentrations, and this pattern is most likely
indicative of greater fractionation in these rhyolites. The
rhyolites from these two deposits do have slightly higher
concentrations of trace elements, including zirconium, as
observed on the primitive-mantle-normalized plots, and may
be indicative of a higher temperature of derivation and/or
fractionation processes. It should be noted that the felsic
tuffs from the Tulks Hill deposit have Zr/TiO, ratios similar
to those of felsic tuffs and rhyolites from other areas.

Additional chemical variations in the felsic-intermedi-
ate volcanic rocks occur in the degree of LREE enrichment
and the extent of the negative Nb and Ti anomalies, which
appear to be correlated. Samples from the Tulks Hill and
Bobbys Pond deposits have greater LREE enrichment and
larger and more pronounced negative Nb and Ti anomalies
compared to the Boomerang deposit samples, whereas the
the Tulks East deposit yielded samples with similar LREE
enrichment and similar, but slightly larger, overall negative
Nb and Ti anomalies than the Boomerang samples. The
Boomerang felsic-intermediate rocks have extended trace-
element patterns similar to the PP4 grouping from the Pats
Pond group, and positive Zr and Hf anomalies similar to the
PP6 grouping.

In contrast to the other deposits, the immediate host
rocks at the Daniels Pond deposit are more intermediate to
mafic in composition. These samples appear geochemically
different than the other host rocks in the belt; they show low
Zr/TiO, ratios and relatively low concentrations of HFSE
and REE. The samples have characteristic U-shaped primi-
tive-mantle-normalized trace-element patterns, and
although they vary with the type and intensity of alteration,
the overall pattern is remarkably similar to that associated
with boninitic magmas.

Mafic volcanic rocks in the TVB vary from transitional
calc-alkaline basalts to island-arc tholeiites, with the major-
ity of the rocks characterized by island-arc tholeiitic signa-
tures. The mixtures of calc-alkaline and tholeiitic sequences
are best explained by the progressive rifting of predomi-
nantly calc-alkaline arcs (cf. Zagorevski et al., 2007a). The
variations in the chemistry of felsic and intermediate rocks
may also reflect this general process.

The last chemical variation that is observed among the
five main deposits and the Pats Pond group is differences in
eNd of the felsic rocks. The Boomerang deposit and the Pats



J.G. HINCHEY

SAMPLE LOCATION

AGE DATES OF FELSIC TO INTERMEDIATE VOLCANIC ROCKS FROM THE TVB.

1). Pats Pond group — . : : (@)

2). Boomerang deposit tuff
3). Boomerang deposit fel. sill

o
)
OF

4). Tulks Hill Raven rhyolite

-483 Ma
485 Ma oo Bl
490 Ma

;
j©

-500 Maj----------------
-505 Ma

.495 MI
®

Figure 32. Comparison of known U-Pb zircon ages from the Tulks Volcanic Belt. Geochronology from: Zagorevski et al.

(2007a); Hinchey and McNicoll (2009),; Evans et al. (1990).

Pond group felsic-intermediate samples, and one sample
from the Bobbys Pond deposit have higher eNd (+3.8 to
+5.5) compared to those from the Tulks Hill, Tulks East, and
Daniels Pond deposits, and a second sample from Bobbys
Pond (eNd of around +2 to +3) (Figure 19). Although there
is no easy interpretation of these data, the apparent bimodal
grouping suggests that the Boomerang area is more similar
to the Pats Pond group (and perhaps a portion of the Bobbys
Pond stratigraphy) than it is to the Tulks Hill, Tulks East,
Daniels Pond, and perhaps the Bobbys Pond areas. Howev-
er, it should also be noted that felsic to intermediate rocks
similar to those hosting the Tulks Hill and Tulks East
deposits locally have eNd signatures of +4 to +5.0 (e.g.,
Rogers, 2004; Table 2); adding to the ambiguity of such
data. Therefore, without additional geochronological con-
trol, the use of Nd isotopic signatures to correlate rock units
in the TVB is questionable.

GEOCHRONOLOGICAL DATA

The U-Pb geochronological data presented in this
report was intended to help eludicate the complicated tec-
tonstratigraphy of the TVB, as well as to provide some
information on the timing of VMS mineralization within the
belt. The area of the recently discovered Boomerang deposit
was of particular interest, as it appears to be a zone that has
many structural complications (van Staal et al., 2005) (see
also case study on the Boomerang area stratigraphy below).
The data show that the volcanic rocks included within the
TVB can be assigned to sequences of at least two ages, i.e.,
498 +6/-4 Ma and 491 + 3 Ma. As a first-order interpreta-
tion, this supports the proposal that the TVB is composed of
westward-younging volcanic rocks (e.g., van Staal et al.,
2005; Zagorevski et al., 2007a). However, the ages obtained
from the Tulks Hill and Boomerang deposits also overlap
within error at their respective lower and upper limits, so the
results do not preclude the interpretation that volcanism
continued over several million years, rather than in discrete
pulses. The ages from the Boomerang and Tulks Hill
deposits constrain the timing of VMS mineralization and
suggest that there was more than one episode of mineraliza-

tion in this area. This interpretation is supported by the age
for the porphyry at Tulks Hill, if this gives a minimum age
for mineralization (see below). The fact that the age from the
felsic sill at the Boomerang deposit is identical to that of the
host sequence confirms that bimodal volcanism was syn-
chronous with mineralization, as previously proposed by
Hinchey (2007) based on textural relationships. Also,
observed zircon inheritance in the sample for the
Boomerang deposit implies that these rocks, in part, were
developed on a basement of older (Cambrian) rocks that
were possibly equivalent to other parts of the VLSG, e.g.,
the Tally Pond group (e.g., Zagorevski et al., 2007a; McNi-
coll et al., 2008).

Ages of Volcanism and Mineralization

The identical ages of 491 + 3 Ma obtained for the felsic
tuff that hosts the massive-sulphide mineralization at
Boomerang and a crosscutting felsic dyke closely constrain
the timing of mineralization. This age is younger than the
498 +6/-4 Ma age obtained from a subvolcanic porphyry at
the Tulks Hill deposit (Evans et al., 1990), although their
error envelopes do overlap at their respective older and
younger limits. However, if the revised age 0of 496.5 + 1 Ma
for the Tulks Hill porphyry is used (G.R. Dunning, personal
communication, 2008), there is no overlap between these
ages.

The age of 491 + 3 Ma obtained for the Boomerang
deposit is slightly older than the 488 + 3 Ma age reported for
the Pats Pond group (Zagorevski et al., 2007a). However,
these ages overlap extensively at their older and younger
limits, respectively (Figure 32).

There is no simple interpretation of these data, but the
similarity in ages obtained from both the Boomerang
deposit and the Pats Pond group suggests that a link between
these areas is more likely than a link between Boomerang
and the Tulks deposits. The alternative interpretation is that
all of the subdivisions of the VLSG represent nothing more
than a long-lived period of volcanism and sedimentation
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that extended from ca. 498 to ca. 488 Ma, a period of some
10 Ma, and that the distinctions between the Tulks group
and the Pats Pond group are more semantic than real.

The identical ages obtained for the felsic dyke and the
volcaniclastic felsic host tuff at the Boomerang deposit have
implications for the environment of VMS mineralization.
The occurrence of synchronous sills, both felsic and mafic,
is characteristic of extensional regimes with high thermal
gradients, such as those in rifted-arc environments. The high
heat flow in such settings is key to the establishment of
VMS forming hydrothermal convection cells (e.g., Franklin
et al., 2005; Galley et al., 2007). A rifted-arc environment is
also favoured by the variable chemical signatures of the fel-
sic and mafic rocks at Boomerang, as discussed above.

Zircon Inheritance Patterns

The SHRIMP II data presented herein from the
Boomerang deposit indicate zircon inheritance of ca. 510
and 514 Ma in the felsic sill sample and inheritance of ca.
530 Ma in the felsic tuff sample. The inheritance ages from
the felsic sill are similar to the crystallization ages of vol-
canic rocks previously dated at the Duck Pond deposit, with-
in the Tally Pond group (McNicoll ef al., 2008). These data
suggest that the host rocks to the Boomerang deposit formed
on a substrate represented by these older rocks, rather than
being juxtaposed at a later time. The ca. 530 Ma inherited
zircon from the felsic tuff could represent an older volcanic
source. Zagorevski et al. (2007a) documented inheritance of
ca. 560 Ma from the Pats Pond group, whereas Squires and
Moore (2004) and McNicoll et al. (2008) report inheritance
of ca. 565 Ma and 573 Ma from zircons within felsic rocks
of the Tally Pond group, suggesting that these rocks were
built on a Precambrian substrate. Therefore, it appears that
the VLSG formed via a sequential process of arc magma-
tism, in which arcs were built on older continental basement,
rather than in an ensimatic environment (cf. Rogers et al.,
2006 and Zagorevski et al., 2007a).

Stratigraphic Compilations and Map-Scale
Inconsistencies— A Case Study of the Stratigra-
phy in the Boomerang Deposit Area

Due to the paucity of outcrop in the TVB, many gaps
and uncertainties remain in our understanding of detailed
stratigraphic correlations within, and between, facies assem-
blages. This is particularly important in the area of the
Boomerang VMS cluster. Although this study was not
focused on producing regional-scale tectonostratigraphic
maps of the TVB, it did examine regional-scale correlations
of stratigraphy adjacent to the main mineral deposits. Due to
the complexities in the area surrounding the Boomerang
deposit, a case study of the stratigraphy around that deposit,
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and the implications of map patterns in that area, was under-
taken.

The most recent stratigraphic interpretations in the area
suggest that the Boomerang deposit occurs within the ca.
487 Ma Pats Pond group, which is ca. 11 Ma younger than
the Tulks group, which hosts the Tulks East and Tulks Hill
deposits (e.g., van Staal er al., 2005; Zagorevski et al.,
2007a, b). In addition, the Boomerang host stratigraphy
(dated at ca. 491 Ma — this study) is interpreted to be struc-
turally bound between two parcels of much younger (e.g.,
Arenig—Caradoc—Llanvirn) rocks; namely the Dragon Pond
formation (Arenig—Caradoc; ca. 453 Ma.) and the Victoria
River Mouth formation (Llanvirn—Caradoc; ca. 457-462
Ma; Figure 33). These assignments have implications in
terms of tectonostratigraphic modelling and mineral explo-
ration. The U-Pb site, from which the correlation with the
Pats Pond group is drawn, lies about 35 km along strike to
the southwest. If the interpretation that the Boomerang
deposit sits within a younger package of rocks is correct, it
argues against earlier interpretations that VMS mineraliza-
tion within the southern TVB is hosted by a single volcanic
sequence (e.g., Evans et al., 1990; Noranda, 1998). More
importantly, if the stratigraphic distribution of units (van
Staal et al., 2005; Zagorevski et al., 2007a, b) is correct,
then the host to the Boomerang deposit is fault bound by
younger rocks. This has implications for exploration as the
prospective host rocks to the Boomerang deposit may be
cut-off along strike, which would limit exploration potential.

Map Patterns — Potential Structural Models

Before examining the lithogeochemistry of various
units in the Boomerang area, it is pertinent to examine the
interpreted map patterns and possible explanations. If the
map patterns and stratigraphic assignments portrayed by van
Staal et al. (2005) and Zagorevski et al. (2007a, b) are cor-
rect, then the structural models for the area would be much
more complex than the previously suggested homoclinal
models for the TVB, in which all units young to the west
(e.g., Evans and Kean, 2002). Based on the map distribution
of units there are different structural explainations for the
geometry observed. Each model is dependant upon the age
inferred for the black shale associated with the units
assigned to the Dragon Pond formation. In order to explain
the map distibution of units along a section through A-A’ on
Figure 33, with the ca. 491 Ma Boomerang host rocks struc-
turally bound between two blocks of the Dragon Pond for-
mation (ca. 453 Ma) rocks, and with the Victoria River
Mouth formation (Llanvirn—Caradoc) and Tulks group rocks
(ca. 498 Ma) occurring sequentially to the east, there is one
possible structural model to fit the interpretation. The age
relationships can be explained in terms of a folded thrust
model bound by unconformities (Figure 34). In the model,
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folding would expose 491 Ma rocks that unconformably
underlie younger 453 Ma rocks. Subsequently, all rocks
would be thrust eastward upon both younger 462 Ma and
older 498 Ma rocks (Figure 34A). This relationship is rec-
ognized in diamond-drill core from the Boomerang deposit
(Plate 26); although no spatial control or orientation is
known. Alternatively, if it is assumed that the sedimentary
rocks included in the Dragon Pond formation (van Staal et
al., 2005 and Zagorevski et al., 2007a) are of different age,
(supported indirectly by geochemistry below) in a generally
west-younging sequence, then two structural alternatives
could be invoked. The first model would again involve
large-scale folding of originally layercake stratigraphy,
resulting in variably exposed units (e.g., Plate 27; Figure
34B). The second model involves east-verging large-scale
thrust stacks that structurally juxtapose sequentially younger
packages of rocks from the west; with the exception of the
462 Ma Victoria River Mouth formation (see section on
Lithogeochemistry below) (Plate 28; Figure 34C). This lat-
ter model is the closest to the original homoclinal models
proposed for the belt (Evans and Kean, 2002 and references
therein); especially in light of the geochemical evidence
given below, which brings into question the validity of the
positioning of the eastern panel of the Dragon Pond forma-
tion and the Victoria River Mouth formation on Figure 33.

Map Patterns — Geochemical Implications and
Inconsistencies

To further assess the geological map pattern in the
vicinity of the Boomerang deposit, a lithogeochemical study
was designed to compare the chemistry between the two
structural panels of Dragon Pond formation (Wigwam
Brook group) rocks (Figure 33), interpreted to be 453 Ma,
with the surrounding 491 Ma (Pats Pond group (?)) rocks
that host the Boomerang deposit, the Tulks group felsic vol-
canic rocks, and the Wigwam Brook group rocks in the
northern TVB. The stratigraphic positioning of the eastern
panel of the Dragon Pond formation is very important,
because if the interpretation is correct, a large-scale uncon-
formity and/or thrusting must be invoked to juxtapose the
453 Ma rocks with the 491 Ma rocks. The geochemistry of
the unit mapped as the Victoria River Mouth formation
(Sutherlands Pond group) (van Staal et al, 2005 and
Zagorevski et al., 2007a, b) was also investigated and com-
pared with the same unit from the northern part of the TVB
where it is distinct with chemistry of E-MORB-like compo-
sitions. It should be noted that the distinct chemistry of this
unit was recognized by Evans and Kean (2002). Subsequent
re-mapping led to the assignment of this unit to the Victoria
River Mouth formation by Rogers et al. (2005) and van
Staal et al. (2005). As with the eastern panel of the Dragon
Pond formation, if the distribution and assignment of these
rocks to the Victoria River Mouth formation in the vicinity

of the Boomerang deposit are correct, a large-scale thrust
and/or unconformity must be invoked to explain the juxta-
position of rocks of such different ages. In both sceneros
above, the apparent positioning of these younger units has
direct bearing on the tectonostratigraphic interpretation,
which, in turn, has implications for mineral exploration.

In the first case of the Dragon Pond formation (Wig-
wam Brook group), based upon geochemical samples taken
as part of this study as well as by Rogers (2004) and
Zagorevski et al. (2007a; Figure 35), the eastern mapped
panel (Figure 33) is markedly different in terms of geo-
chemistry relative to the western panel. The western panel
of the Dragon Pond formation (Figure 35) is characterized
by elevated LREE and is indistinguishable from the Wig-
wam Brook group in the northern TVB (Figure 35). How-
ever, the eastern panel of the Dragon Pond formation (van
Staal et al., 2005 and Zagorevski et al., 2007a) has a distinct
chemistry from the western panel, and appears indistin-
guishable from rocks of 491 Ma that host the Boomerang
deposit as well as 498 Ma rocks of the Tulks group (Figure
35). Of note, the only samples analyzed for geochemistry
from the eastern panel of the Dragon Pond formation by
Rogers (2004) and Zagorevski ef al., (2007a), e.g., samples
VLO01A344 and VL02A104, are actually classified as being
part of the older Pats Pond group chemically (see Zagorevs-
ki, 2006 and Zagorevski et al., 2007a). As such, due to the
difficulty in distinguishing the felsic to intermediate vol-
canic units in the field and in the absence of supporting evi-
dence to constrain the map patterns, a conclusion of this
study is that the eastern portion of the mapped Dragon Pond
formation in the Boomerang area is actually composed of
ca. 491 Ma rocks similar to those that host the Boomerang
deposit. Hence, there is no requirement for large-scale
unconformaties as proposed by van Staal et al. (2005) and
Zagorevski et al. (2007a).

The Victoria River Mouth formation (Sutherlands Pond
group) in the southern TVB of van Staal et al. (2005) and
Zagorevski et al. (2007a, b) (re-named from the Upper
Basalts of Evans and Kean, 2002) is defined as tholeiitic pil-
low basalts with distinct, E-MORB-like chemistry. This
group of rocks is interpreted to crop out to the east of the
Boomerang deposit and is restricted to a thrust bound slice
between the mapped Pats Pond group and the Tulks group
(van Staal et al., 2005 and Zagorevski et al., 2007a, b; see
Figure 33). However, when the extended trace-element pro-
files for rocks assigned to the Victoria River Mouth forma-
tion in the vicinity of the Boomerang deposit are compared
to chemical data of Evans and Kean’s (2002) Upper Basalts
and the Victoria River Mouth formation from the northern
TVB, there is a dramatic variance in the chemical profiles
(Figure 36). Instead of plotting with E-MORB-like chem-
istry that defines the rocks in the north, the unit mapped as
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VICTORIA LAKE SUPERGROUP

'WIGWAM BROOK GROUP (Arenig-Caradoc)

HALFWAY POND FORMATION (Arenig-C: : mainly
OHP siltstones, and minor shale. Locally interlayered with felsic volcanic rocks typical of
the Dragon Pond Formation and/or black shales of the Perriers Pond Formation.

DRAGON POND FORMATION (Arenig—Caradec): mainly grey to light brown, feisic
pyroclastic (ash tuff, tuff, lapilli tuff, and tuff breccia) and epiclastic rocks. Minor,
locally pillowed, isiand arc-like tholeiitic basalt (ODPmv), red to black, cherty, aphyric
dacite and/or rhyolite (ODPdr) and interlayered red shale (ODPrs). Locally includes
sedimentary rocks typical of the Halfway Pond Formation.

SUTHERLANDS POND GROUP (Llanvim-Caradoc)
TIMS CREEK FORMATION (Lianvirn-Caradoc): black shale, minor limestone and
oTC genic sil and In part d into broken formation or

VICTORIA RIVER MOUTH FORMATION (Llanvirn—-Caradoc): green, tholeiitic pillow
ORM basalt, compositionally E-MORB-like, locally interlayered with limestone. Contains
minor rhyolite.

NOEL PAUL'S BROOK GROUP (Arenig—Caradoc)

LAWRENCE HARBOUR FORMATION (Caradoc): biack shale; locally interlayered
with thin felsic ash tuff beds. In part transformed into broken formation or mélange.

STANLEY WATERS FORMATION (Arenig-Llanvirn): mainly volcanogenic sandstone
Osw and siltstone, minor chert, and red shale (OSWrs). Locally includes some mafic and
felsic volcanic rocks.

kilometres

48°15'

Figure 33. Geological and stratigraphic relationships in the southern TVB as portrayed by van Staal et al. (2005) and
Zagorevski et al. (2007a). Transect A-A’ shown as Figure 34.
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PATS POND GROUP (Upper Cambrian-Tremadoc)
Undivided, mainly light green, bimodal volcanic breccias; minor fine-grained basaitic

to dacitic tuffs, quartz and feldspar porphyritic dacitic rocks and reddish to green
calc-alkaline vesicular, pillow basalt (COPPmv), with interstitial jasper. Locally includes
sulphide mineralization.

ROEBUCKS INTRUSIVE SUITE (circa 495 Ma)

Undivided, mainly massive to foliated quartz monzonite; diorite and/or gabbro.

TULKS GROUP (Upper Cambrian)

JACKS POND FORMATION: mainly light grey to brown quartz- and/or feldspar-phyric
€Jp tuff, lapilli tuff, volcanic breccia (Daniels Pond pyroclastics), and aphyric; locally
flow-banded rhyolite (Mount Joshua rhyolite). Locally i and/or

BOBBYS POND FORMATION: mainly light green, island arc-iike tholeiitic basalt to
andesite; locally pillowed. Divided into the Baxters Pond (€BPba) and Beatons Pond
(€BPbe) basalts on basis of their chemical composition.

491 +/- 3Ma - Age Date GSNL
453 +/-4Ma - Age Date GSC

Figure 33 (Continued). Geological and stratigraphic relationships in the southern TVB as portrayed by van Staal et al.
(2005) and Zagorevski et al. (2007a). Transect A-A’ shown as Figure 34.
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Figure 34. Structural models illustrating possible explana-
tions of the geology along section A-A’ on Figure 33. A. A
folded thrust model exposing 491 Ma rocks that uncon-
formably underlie younger 453 Ma rocks; B. A folded thrust
model in which the sedimentary rocks included in the Drag-
on Pond formation (van Staal et al., 2005 and Zagorevski et
al., 2007a) are of different age;, C. Model invoking east-
verging large scale thrust stacks that structurally juxtapose
sequentially younger packages of rocks from the west (with
the exception of the 462 Ma Victoria River Mouth forma-
tion).

Victoria River Mouth formation rocks in the Boomerang
area plot with distinct negative niobium anomalies and
appears very similar to other mafic volcanics of the Pats
Pond group and Tulks group (see Figures 36, and 37).

A conclusion of this study is that the rocks included as
the Victoria River Mouth formation in the vicinity of the
Boomerang deposit (see Figure 33), do not display the
unique E-MORB-like chemistry diagonistic of the Upper
Basalts of Evans and Kean (2002) or the Victoria River
Mouth formation rocks in the northern TVB of Rogers et al.
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Plate 26. Folded, mineralized black argillite from the
Boomerang deposit representing a potential fold-and-thrust

model to explain the map distribution of units along A-A’on
Figure 33.

(2006), but rather appear to form part of the older (ca.
491-498 Ma) Pats Pond or Tulks group rocks.

If the above lines of evidence are correct, and the east-
ern panel of the Dragon Pond formation and the panel of the
Victoria River Mouth formation do not occur to the east of
the Boomerang deposit (Figure 33), then there are implica-
tions for tectonostratigraphic modeling for the area. Instead
of a series of complex, unconformably and thrust-bound
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Figure 35. Comparison of primitive-mantle-normalized trace-element plots for the east and west panels of ‘Wigwam Brook’
group in the southern TVB with Wigwam Brook group from the northern TVB, Tulks group rocks, and Pats Pond group rocks.
A. Wigwam Brook group felsic volcanic rocks from south TVB (this study); B. Wigwam Brook group felsic volcanic rocks from
south TVB (Rogers, 2004, Zagorevski et al., 2007a); C. Wigwam Brook group felsic volcanic rocks from north TVB (Rogers,
2004); D. Felsic volcanic rocks from the Tulks East deposit (this study); E. Felsic volcanic rocks from the Pats Pond group
(Rogers, 2004; Zagorevski et al., 2007a); F. Felsic volcanic rocks from the Boomerang deposit (this study). HW—-hangingwall,

FW—footwall.
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Figure 36. Comparison of primitive-mantle-normalized trace-element plots for ‘Victoria River Mouth formation’rocks in the
southern TVB with Victoria River Mouth formation rocks in the northern TVB (i.e., Upper Basalts of Evans and Kean, 2002)
and other mafic volcanic rocks in the southern TVB. A. Mafic volcanic rock geochemistry for mafic rocks in the Tulks Valley
(Evans and Kean 2002); B. Victoria River Mouth formation (ORM) from the northern TVB (Rogers, 2004),; C. Victoria River
Mouth formation (ORM) from the southern TVB (Rogers, 2004),; D. Tulks Hill Basalts (Evans and Kean, 2002); E. Mafic vol-
canic rocks from the southern TVB (outcrop samples, this study); F. Mafic volcanic rocks from the southern TVB (Rogers,
2004, Zagorevski et al., 2007a).
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Figure 37. Comparison of discrimination plots (after Wood, 1980) for ‘Victoria River Mouth formation’ (ORM) rocks in the
southern TVB with Victoria River Mouth formation rocks in the northern TVB (i.e., Upper Basalts of Evans and Kean, 2002)
and with other mafic volcanic rocks in the southern TVB. A. Mafic volcanic rock signatures from Evans and Kean (2002); B.
Victoria River Mouth formation (ORM) from the northern TVB (Rogers, 2004),; C. Victoria River Mouth formation (ORM)
from the southern TVB (Rogers 2004); D. Mafic volcanic rock signatures from outcrop as part of this study and from Rogers
(2004), Zagorevski et al. (2007a), E. Mafic volcanic rock signatures from drillcore samples (this study), and F. mafic volcanic
rock signatures from the Pats Pond group (Rogers 2004, Zagorevski et al., 2007a).
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Plate 27. Z, M and S folds in drillcore from the Tulks West
occurrence representing a potential fold and thrust model to
explain the map distribution of units along A-A’ on Figure
33. Note that the sedimentary unit to the far west on the sec-
tion are herein interpreted to be ca. 491 Ma versus 453 Ma
as interpreted on the map.
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Plate 28. Thrust-stacked quartz vein in black argillites from
the Boomerang deposit representing a possible thrust stack
model for the southern TVB to explain the map distribution
of units along A-A’ on Figure 33. Note that the sedimentary
unit to the far west on the section are herein interpreted to
be ca. 491 Ma versus 453 Ma as interpreted on the map.

slivers of various-aged rocks in the southern TVB, the
stratigraphy would more closely resemble the homoclinal
models with progressively westward-younging sequences of
volcanic and volcaniclastic rocks. However, abundant fold-
ing and thrusting is recoginized on local scales in drillcore
(see Plates 26-28), thereby implying that a simple homocli-
nal model whereby everything becomes progressively
younger to the west does not necessarily fit all the observed
relationships and evidence.
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CONCLUSIONS

Two main types of VMS mineralization occur within
the TVB: 1) replacement-style mineralization at the Tulks
East, Tulks Hill, Boomerang, and perhaps a portion of the
Bobbys Pond deposits, and 2) classic exhalative-style min-
eralization at the Daniels Pond deposit and the Curve Pond
and Dragon Pond prospects. The replacement-style deposits,
in particular the Boomerang deposit, display many similari-
ties to deposits such as the Rosebery Deposit in the Cambri-
an Mount Read Volcanics of Australia. Similarities include
the sheet-like replacement style of mineralization, the high
Zn—Pb metal content and similar host rocks and alteration
styles (e.g., Large et al., 2001). The exhalative-style miner-
alization has affinities to the world-class deposits of the
Bathurst mining camp in New Brunswick (e.g., Goodfellow
and McCutcheon, 2003). These similarities include similar
ages, bimodal volcanic sedimentary host sequences, and
association with regional-scale ferruginous sedimentary
rocks (iron formations). Regional geological and geochemi-
cal data suggest that most of the VMS mineralization in the
TVB developed within an extensional tectonic regime, like-
ly associated with a transition from an active arc to an arc-
rift or back-arc environment.

Volcanic lithofacies suggest that there are a number of
distinguishable volcanic facies amongst the variable felsic

volcanic, pyroclastic and volcaniclastic rocks that host min-
eralization along the belt. Significantly, there are more vent-
proximal rhyolitic facies in the northern part of the belt com-
pared to the volcaniclastic-dominated environments to the
south. In contrast to the ‘bimodal felsic siliciclastic’ domi-
nated deposits in the southern TVB (Hinchey, 2007), the
deposits in the northern part of the belt are more akin to
‘hybrid VMS-epithermal’ style deposits.

New U-Pb zircon data, isotopic data, and geochemical
data from volcanic rocks in the TVB of the VLSG are not
simple to interpret. In conjunction with previous data, the
results suggest that VMS mineralization at the Boomerang
deposit is resolvably younger than that at the Tulks Hill
deposit. However, the ages are closer to those obtained else-
where in that part of the unit defined as the Pats Pond group.
Subtle lithogeochemical variations, and higher eNd signa-
tures for felsic-intermediate samples from the Boomerang
deposit and the Pats Pond group also appear to support this
correlation. Inherited zircon of ca. 530-510 Ma suggest that
the host rocks at the Boomerang deposit, and likely the
whole TVB, were deposited upon a substrate of older rocks
including material of similar age to the Tally Pond group
and, perhaps, also Precambrian basement.

ACKNOWLEDGMENTS

Field work for this project was done with the assistance of
Matthew Minnett and Ross Bowers. Many collegues are
thanked, including Steve Piercey, Hamish Sandeman, and
the geologists of Messina Minerals Inc., Buchans Minerals
Corporation (formally Royal Roads Corporation), and

Mountain Lake Resources for their interest and helpful dis-
cussions on the VLSG and associated VMS deposits. An
earlier version of this manuscript benefitted from critical
reviews by Andy Kerr and James Walker.

REFERENCES

Agnerian, H.
2008: Technical report on the Bobbys Pond Cu-Zn
deposit, Newfoundland and Labrador, Canada. Pre-
pared for Mountain Lake Resources Inc., 110 pages.

Banville, R., Huard, A., Sheppard, D., Woods, G. and Dro-
let, B.
1998: Assessment report on geological, geochemical,
geophysical and diamond drilling exploration for 1997
submission for the Anglo-Newfoundland Development

Limited Charter, Reid Lots 227, 229, 234 and 247 and
fee simple grants. Volume 1 folio 61 and volume 2 folio
29 in the Victoria Lake-Red Indian Lake areas, central
Newfoundland, 10 reports. [012A/1015]

Barbour, D.M. and Thurlow, J.G.
1982: Case histories of two massive sulphide discover-
ies in central Newfoundland. /n Prospecting in Areas of
Glaciated Terrain. Edited by P. Davenport. Canadian
Institute of Mining and Metallurgy, pages 300-320.

95



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

Barrett, T.J. and MacLean, W.H.

1999: Volcanic sequences, lithogeochemistry and
hydrothermal alteration in some bimodal volcanic-asso-
ciated massive sulfide systems. /n Volcanic-Associated
Massive Sulfide Deposits: Processes and Examples in
Modern and Ancient Settings. Edited by C.T. Barrie and
M.D. Hannington. Reviews in Economic Geology,
Society of Economic Geologists, Volume 8, pages 101-
127.

Barrie, C.T. and Hannington, M.D.
1999: Classification of volcanogenic-associated mas-
sive sulfide deposits based on host-rock composition. /n
Volcanogenic-Associated Massive Sulfide Deposits:
Processes and Examples in Modern and Ancient Set-
tings. Reviews in Economic Geology, Society of Eco-
nomic Geologists, Volume 8, pages 2-12.

Campbell, I.H., Lesher, C.M., Coad, P., Franklin, J.M., Gor-
ton, M.P. and Thurston, P.C.
1984: Rare-earth element mobility in alteration pipes
below massive Cu-Zn sulphide deposits. Chemical
Geology, Volume 45, pages 181-202.

Dadson, P

2002: Third year and third year supplementary assess-
ment report on geological, geochemical, geophysical
and diamond drilling exploration for licences 6565M,
6567M-6570M, 6573M and 6575M on claims in the
Jacks Pond to Sutherlands Pond area, central New-
foundland. Assessment file 12A/0935. Kelmet
Resources Limited, Royal Roads Corporation and
Noranda Incorporated.

Dearin, C.
2006: Technical report on the Tulks South property.
Map staked licences: 11924M, 11925M and Reid Lot
228. Red Indian Lake Area, central Newfoundland,
Canada. NTS 12A/06 and 12A/11, 158 pages.

Delaney, P., Rice, T., Greene, B.J. and Woods, D.V.
2001: Sixth year assessment report on geophysical and
diamond drilling exploration for licence 6166M on
claims in the Hungry Hill area, central Newfoundland.
Assessment file 12A/0985. Inmet Mining Corporation
and Celtic Minerals Limited.

DePaolo, D.J.
1981: Neodymium isotopes in the Colorado Front
Range and crust-mangle evolution in the Proterozoic.
Nature, Volume 291, pages 193-196.

Desnoyers, D.
1991: Victoria Mine prospect. /n Metallogenic Frame-

96

work of Base and Precious Metal Deposits, Central and
Western Newfoundland. Edited by H.S. Swinden,
D.T.W Evans and B.F. Kean. Eighth IAGOD Sympo-
sium Field Trip Guidebook. Geological Survey of
Canada, Open File 2156, pages 65-67.

Doyle, M.G. and Allen, R.L.
2003: Sub-sea floor replacement in volcanic-hosted
massive sulphide deposits. Ore Geology Reviews, Vol-
ume 23, pages 183-222.

Dubé¢, B., Gosselin, P., Hannington, M. and Galley, A.
2007: Gold-rich volcanogenic massive sulphide
deposits. In Mineral Deposits of Canada: A Synthesis of
Major Deposit Types, District Metallogeny, the Evolu-
tion of Geological Provinces, and Exploration Methods.
Edited by W.D. Goodfellow. Geological Association of
Canada, Mineral Deposits Division, Special Publication
No. 5, pages 141-162.

Dunning, GR., Kean, B.F., Thurlow, J.G. and Swinden, H.S.
1987: Geochronology of the Buchans, Roberts Arm,
and Victoria Lake groups and Mansfield Cove Com-
plex, Newfoundland. Canadian Journal of Earth Sci-
ences, Volume 24, pages 1175-1184.

Evans, D.T.W. and Kean, B.F.
1986: Geology of the Jacks Pond volcanogenic sulphide
prospects, Victoria Lake Group, central Newfoundland.
In Current Research. Newfoundland Department of
Mines and Energy, Geological Survey Branch, Report
86-1, pages 59-64.

2002: The Victoria Lake Supergroup, central New-
foundland — its definition, setting and volcanogenic
massive sulphide mineralization. Newfoundland
Department of Mines and Energy, Geological Survey,
Open File NFLD/2790, 68 pages.

Evans, D.T.W., Kean, B.F. and Dunning, GR.
1990: Geological studies, Victoria Lake Group, central
Newfoundland. /n Current Research. Newfoundland
Department of Mines and Energy, Geological Survey
Branch, Report 90-1, pages 131-144.

Evans, D.T.W, Kean, B.F. and Jayasinghe, N.R.
1994a: Geology and mineral occurrences of Noel Paul’s
Brook. Map 94-222. Scale: 1:50 000. Newfoundland
Department of Mines and Energy, Geological Survey
Branch, Open File 012A/09/0685.

1994b: Geology and mineral occurrences of Badger.
Map 94-224. Scale: 1:50 000. Newfoundland Depart-
ment of Mines and Energy, Geological Survey Branch,
Open File 012A/16/0687.



J.G. HINCHEY

Evans, D.T.W., Kean, B.F. and Mercer, N.L.
1994c: Geology and mineral occurrences of Lake
Ambrose. Map 94-223. Scale: 1:50 000. Newfoundland
Department of Mines and Energy, Geological Survey
Branch, Open File 012A/10/0686. Blueline paper. GS#
012A/10/0686.

Evans, D.T.W. and Wilton, D.H.C.
2000: The Midas Pond gold grospect, Victoria Lake
Group, central Newfoundland: A mesothermal quartz
vein system with epithermal characteristics. Explo-
ration and Mining Geology, Volume 9, number 1, pages
65-79.

Finch, C.J.
1998: Inductively coupled plasma — emission spectrom-
etry (ICP-ES) at the geochemical laboratory. /n Current
Research. Newfoundland Department of Mines and
Energy, Geological Survey Branch, Report 98-1, pages
179-194.

Finlow-Bates, T. and Stumpfl, E.F.
1981: The behaviour of so-called immobile elements in
hydrothermally altered rocks associated with vol-
canogenic submarine-exhalative ore deposits. Minerali-
um Deposita, Volume 16, pages 319-328.

Franklin, J.M., Gibson, H.L., Jonasson, I.R. and Galley, A.G.
2005: Volcanogenic massive sulfide deposits. /n 100"
Anniversary Volume, 1905-2005. Economic Geology,
pages 523-560.

Galley, A.G.
1993: Semi-conformable alteration zones in vol-
canogenic massive sulphide districts. Journal of Geo-
chemical Exploration, Volume 48, pages 175-200.

Galley, A.G., Hannington, M.D. and Jonasson, I.R.

2007: Volcanogenic massive sulphide deposits. /n Min-
eral Deposits of Canada: A Synthesis of Major Deposit
Types, District Metallogeny, the Evolution of Geologi-
cal Provinces, and Exploration Methods. Edited by
W.D. Goodfellow. Geological Association of Canada,
Mineral Deposits Division, Special Publication No. 5,
pages 141-162.

Gibson, H.L.
2005: Volcanic-hosted ore deposits. /n Volcanoes in the
Environment. Edited by J. Marti and G. Ernst. New
York, NY, Cambridge University Press, pages 944-952.

Gifkins, C., Herrmann, W. and Large, R.
2005: Altered Volcanic Rocks: A Guide to Description
and Interpretation. Centre for Ore Deposit Research,

University of Tasmania, Australia, 275 pages.

Goodfellow, W.D. and McCutcheon, S.R.
2003: Geologic and genetic attributes of volcanic-sedi-
ment hosted massive sulphide deposits of the Bathurst
Mining Camp, northern New Brunswick — A synthesis.
Economic Geology Monograph 11, pages 245-302.

Greene, B.J., Rice, T.G. and Delaney, P.W.

2001: Assessment report on geological, geochemical
and trenching exploration for 2000-2001 submission for
fee simple grants volume 1 folio 110, volume 2 folio 25
and special volume 2 folio 307 and for first, second and
fifth year assessment for licences 6166M, 6710M-
6711M, 6743M and 7710M on claims in the Victoria
River area, central Newfoundland. Assessment file
12A/0971. Inmet Mining Corporation and Celtic Min-
erals Limited.

Hannington M.D., Poulsen K.H., Thompson J.F.H. and Sil-

litoe R.H.
1999: Volcanogenic gold in the massive sulfide envi-
ronment. /n Volcanic-Associated Massive Sulfide
Deposits: Processes and Examples in Modern and
Ancient Settings. Edited by C.T. Barrie and M.D. Han-
nington. Society of Economic Geologists, Littleton,
CO, USA, pages 325-356.

Hinchey, J.G.
2007: Volcanogenic massive sulphides of the southern
Tulks Volcanic Belt, central Newfoundland: Prelimi-
nary findings and overview of styles and environments
of mineralization. /n Current Research. Newfoundland
and Labrador Department of Natural Resources, Geo-
logical Survey, Report 07-1, pages 117-143.

2008: Volcanogenic massive sulphides of the northern
Tulks Volcanic Belt, central Newfoundland: Prelimi-
nary findings, overview of deposit reclassifications and
mineralizing environments. /n Current Research. New-
foundland and Labrador Department of Natural
Resources, Geological Survey, Report 08-1, pages 151-
172.

Hinchey, J.G. and McNicoll, V.
2009: Tectonostratigraphic architecture and VMS min-
eralization of the southern Tulks Volcanic Belt: New
insights from U-Pb geochronology and lithogeochem-
istry. In Current Research. Newfoundland and Labrador
Department of Natural Resources, Geological Survey,
Report 09-1, pages 13-42.

Huston, D.L. and Kamprad, J.
2001: Zonation of alteration facies at Western Tharsis:

97



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

Implications for the genesis of Cu-Au deposits, Mount
Lyell Field, Western Tasmania. Economic Geology,
Volume 96, pages 1123-1132.

Hynes, A.
1980: Carbonatization and mobility of Ti, Y, and Zr in
Ascot Formation metabasalts, SE Québec. Contribu-
tions to Mineralogy and Petrology, Volume 75, pages
79-87.

Ishikawa, Y., Sawaguchi, T., Ywaya, S. and Horiuchi, M.
1976: Delineation of prospecting targets for Kuroko
deposits based on modes of volcanism of underlying
dacite and alteration haloes. Mining Geology, Volume
26, pages 105-117.

Jambor, J.L.
1984: Preliminary report on the mineralogy of the Tulks
massive sulphide deposit, Buchans area, Newfound-
land. /n Current Research. Newfoundland Department
of Mines and Energy, Mineral Development Division,
Report 84-1, page 189.

Jambor, J.L. and Barbour, D.M.
1987: Geology and mineralogy of the Tulks pyritic
massive sulphide deposit. /n Buchans Geology, New-
foundland. Edited by R.V. Kirkham. Geological Survey
of Canada, Paper 86-24, pages 219-226.

Jiang, S.-Y., Wang, R.-C., Xu, X.-S. and Zhao, K.-D.
2005: Mobility of high field strength elements (HFSE)
in magmatic-, metamorphic-, and submarine-hydrother-
mal systems. Physics and Chemistry of the Earth, Vol-
ume 30, pages 1020-1029.

Kean, B.F.
1977: Geology of the Victoria Lake map area (12A/06),
Newfoundland. Newfoundland Department of Mines
and Energy, Mineral Development Division, Report 77-
4, 11 pages.

1979a: Star Lake, Newfoundland. Map 79-001. Scale
1:50,000. Newfoundland Department of Mines and
Energy, Mineral Development Division (with descrip-
tive notes).

1979b: Buchans, Newfoundland. Map 79-125. Scale
1:50,000. Newfoundland Department of Mines and
Energy, Mineral Development Division (with descrip-
tive notes).

1982: Victoria Lake, Newfoundland. Map 82-009.
Scale: 1:50 000. Government of Newfoundland and
Labrador, Department of Mines and Energy, Mineral
Development Division.

98

1983: King George IV Lake, Grand Falls district, New-
foundland. Map 82-051. Scale 1:50,000. In Geology of
the King George IV Lake map area (12A/4). New-
foundland Department of Mines and Energy, Mineral
Development Division, Report 83-4, 74 pages.

Kean, B.F., Dean, P.L. and Strong, D.F.
1981: Regional geology of the Central Volcanic Belt of
Newfoundland. /n The Buchans Orebodies: Fifty Years
of Geology and Mining. Edited by E.A. Swanson, J.G.
Thurlow and D.F. Strong. Geological Association of
Canada, Special Paper 22, pages 65-78.

Kean, B.F. and Evans, D.T.W
1986: Metallogeny of the Tulks Hill volcanics, Victoria
Lake Group, central Newfoundland. /n Current
Research. Newfoundland Department of Mines and
Energy, Mineral Development Division, Report 86-1,
pages 51-57.

1988: Regional metallogeny of the Victoria Lake
Group. /n Current Research. Newfoundland Depart-
ment of Mines, Report 88-1, pages 319-330.

Kean, B.F. and Jayasinghe, N.R.
1980: Geology of the Lake Ambrose (12-A/10) — Noel
Pauls Brook (12-A/9) map areas, central Newfound-
land. Newfoundland Department of Mines and Energy,
Mineral Development Division, Report 80-02, 33
pages, 2 maps.

1982: Geology of the Badger map area (12-A/16),
Newfoundland. Newfoundland Department of Mines
and Energy, Mineral Development Division, Report 81-
2, 42 pages.

Kean, B.F. and Mercer, N.L.
1981: Grand Falls map area (2D/13), Newfoundland.
Newfoundland Department of Mines and Energy, Min-
eral Development Division, Map 8199.

Krogh, T.E.
1982: Improved accuracy of U-Pb ages by creation of
more concordant systems using an air abrasion tech-
nique. Geochimica et Cosmochimica Acta, Volume 46,
pages 637-649.

Large, R.R., Gemmell, J.B., Paulick, H. and Huston, D.L.
2001: The alteration box plot: A simple approach to
understanding the relationship between alteration min-
eralogy and lithogeochemistry associated with vol-
canic-hosted massive sulphide deposits. Economic
Geology, Volume 96, pages 957-971.



J.G. HINCHEY

Lentz, D.R.
1998: Petrogenetic evolution of felsic volcanic
sequences associated with Phanerozoic volcanic-hosted
massive sulphide systems: The role of extensional geo-
dynamics. Ore Geology Reviews, Volume 12, pages
289-327.

1999: Petrology, geochemistry, and oxygen isotope
interpretation of felsic volcanic and related rocks host-
ing the Brunswick 6 and 12 massive sulphide deposits
(Brunswick Belt), Bathurst mining camp, New
Brunswick, Canada. Economic Geology, Volume 94,
pages 57-86.

Lesher, C.M., Goodwin, A.M., Campbell, .H. and Gorton,
M.P.
1986: Trace element geochemistry of ore-associated
and barren felsic metavolcanic rocks in the Superior
Province, Canada. Canadian Journal of Earth Sciences,
Volume 23, pages 222-237.

Lissenberg, C.J., Zagorevski, A., Rogers, N., van Staal, C.R.
and Whalen, J.B.
2005: Geology, Star Lake, Newfoundland and
Labrador. Geological Survey of Canada, Open File
1669, scale 1:50 000.

Ludwig, K.R.
1998: On the treatment of concordant uranium-lead
ages. Geochimica et Cosmochimica Acta, Volume 62,
pages 665-676.

2003: User’s manual for Isoplot/Ex rev. 3.00: A
Geochronological toolkit for Microsoft Excel, Special
Publication, 4, Berkeley Geochronology Center, Berke-
ley, 70 pages.

MacLean, W.H. and Barrett, T.J.
1993: Lithogeochemical techniques using immobile
elements. Journal of Geochemical Exploration, Volume
48, pages 109-133.

McKenzie, C., Desnoyers, D., Barbour, D. and Graves, M.
1993: Contrasting volcanic-hosted massive sulphide
styles in the Tulks Belt, central Newfoundland. Explo-
ration and Mining Geology, Volume 2, Number 1, pages
73-84.

McNicoll, V., Squires, G., Kerr, A. and Moore, P.
2010: The Duck Pond and Boundary Cu—Zn deposits,
Newfoundland: new insights into ages of host rocks and
the timing of VHMS mineralization. Canadian Journal
of Earth Sciences, Volume 47, pages 1481-1506.

McNicoll, V.J., Squires, G., Kerr, A. and Moore, P.
2008: Geological and metallogenic implications of new
U-Pb zircon geochronological data from the Tally Pond
volcanic belt, central Newfoundland. /n Current
Research. Newfoundland and Labrador Department of
Natural Resources, Geological Survey, Report 08-1,
pages 1-19.

Moore, P.J.
2003: Stratigraphic implications for mineralization:
Preliminary findings of a metallogenic investigation of
the Tally Pond volcanics, central Newfoundland. /n
Current Research. Newfoundland and Labrador Depart-
ment of Natural Resources, Geological Survey, Report
03-1, pages 241-257.

Moreton, C.
1984: A geological, geochemical, and structural analy-
sis of the Lower Ordovician Tulks Hill Cu-Zn- (Pb) vol-
canogenic massive sulphide deposit, central Newfound-
land, Canada. M.Sc. thesis, Memorial University of
Newfoundland, St. John’s, 320 pages.

Noranda Ltd.
1998: Precious and base metal properties available for
option in central Newfoundland. Summary Report, ca.
500 pages.

Page, A.M., Lentz, D.R. and Toole, R.M.
2008: Distribution, form, and origin of precious metals
in the Boomerang and Domino volcanogenic massive
sulfide deposits, Tulks Belt, central Newfoundland.
Geological Association of Canada, Abstract Volume 33,
page 127.

Pandarinath, K., Dulski, P., Torres-Alvarada, 1.S. and
Verma, S.P.
2008: Element mobility during the hydrothermal alter-
ation of rhyolitic rocks of the Los Azufres geothermal
field, Mexico. Geothermics, Volume 37, pages 53-72.

Parrish, R.R., Roddick, J.C., Loveridge, W.D., and Sullivan,
R.W.
1987: Uranium-lead analytical techniques at the
Geochronology Labroratory, Geological Survey of
Canada. /n Radiogenic Age and Isotope Studies, Report
1. Geological Survey of Canada Paper 87-2, pages 3-7.

Pearce, J.A. and Peate, D.W.
1995: Tectonic implications of the composition of vol-
canic arc magmas. Annual Reviews in Earth and Plane-
tary Science, Volume 23, pages 251-285.

99



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

Pearce, J.A., Harris, B.W. and Tindle, A.G.
1984: Trace element discrimination diagrams for the
tectonic interpretation of granitic rocks. Journal of
Petrology, Volume 25, pages 956-983.

Piercey, S.J., Paradis, S., Murphy, D.C. and Mortensen, J.K.
2001: Geochemistry and paleotectonic setting of felsic
volcanic rocks in the Finlayson Lake volcanic-hosted
massive sulfide (VHMS) district, Yukon, Canada. Eco-
nomic Geology, Volume 96, pages 1877-1905.

Riley, G.C.
1957: Red Indian Lake (west half), Newfoundland.
Geological Survey of Canada, Map 8-1957 (with
descriptive notes).

Roddick, J.C.
1987: Generalized numerical error analysis with appli-
cations to geochronology and thermodynamics.
Geochimica et Cosmochimica Acta, Volume 51, pages
2129-2135.

Rogers, N.
2004: Geochemical Database, Red Indian Line Project,
central Newfoundland. Geological Survey of Canada,
Open File 4605, 1 CD-ROM.

Rogers, N. and van Staal, C.R.
2002. Towards a Victoria Lake Supergroup: a provi-
sional stratigraphic revision of the Red Indian to Victo-
ria lakes area, central Newfoundland. /n Current
Research. Newfoundland and Labrador Department of
Natural Resources, Geological Survey, Report 02-1,
pages 185-195.

Rogers, N., van Staal, C.R., McNicoll, V.J., Pollock, J.,
Zagorevski, A. and Whalen, J.B.
2006: Neoproterozoic and Cambrian arc magmatism
along the eastern margin of the Victoria Lake Super-
group: A remnant of Ganderian basement in central
Newfoundland? Precambrian Research, Volume 147,
pages 320-341.

Rogers, N., van Staal, C.R., McNicoll, V.J., Squires, G.C.,
Pollock, J. and Zagorevski, A.
2005: Geology, Lake Ambrose and part of Buchans,
Newfoundland and Labrador. Geological Survey of
Canada, Open File 4544, scale 1: 50 000.

Saunders, P.
1999: Report on the Tulks Property, Newfoundland.
Newfoundland and Labrador Geological Survey.
Assessment file 12A/11/0883, 1999, 17 pages. J.Tuach
Geological Consultants Inc.

100

Sillitoe, R.L., Hannington, M.D. and Thompson, J.F.H.
1996: High-sulfidation deposits in the volcanogenic

massive sulphide environment. Economic Geology,
Volume 91, pages 204-212.

Shervais, J.W.
1982: Ti-V plots and the petrogenesis of modern and
ophiolitic lavas. Earth and Planetary Science Letters,
Volume 59, pages 101-118.

Squires, G.C.
2008: The Boomerang and Duck Pond VMS deposits,
Newfoundland: Birth by “raining” or “stewing”? Geo-
logical Association of Canada — Newfoundland and
Labrador Section Annual Spring Technical Meeting,
February, 2008, Program with Abstracts, page 29.

Squires, G.C., Brace, T.D. and Hussey, A.M.

2001: Newfoundland’s polymetallic Duck Pond
deposit: Earliest Iapetan VMS mineralization, formed
within a sub-seafloor, carbonate-rich alteration system.
In Geology and Mineral Deposits of the Northern Dun-
nage Zone, Newfoundland Appalachians. Edited by
D.T.W. Evans and A. Kerr. GAC/MAC Field Trip
Guide A2 (Part 1), pages 167-187.

Squires, G.C.S. and Moore, P. J.
2004: Volcanogenic massive sulphide environments of
the Tally Pond volcanics and adjacent area: Geological,
lithogeochemical and geochronological results. /n Cur-
rent Research. Newfoundland and Labrador Depart-
ment of Natural Resources, Geological Survey, Report
04-1, pages 63-91.

Squires, G., Tallman, P., Sparkes, K., Hyde, D., House, F.
and Regular, K.
2005: Messina Minerals’ new Boomerang VMS discov-
ery: Preliminary evaluation of a sub-seafloor replace-
ment-style massive sulphide deposit. CIMM New-
foundland Branch Meeting, November, 2005, Program
with Abstracts, page 15.

Stern, R.A.
1997: The GSC Sensitive High Resolution Ion Micro-
probe (SHRIMP): analytical techniques of zircon U-Th-
Pb age determinations and performance evaluation. /n
Radiogenic Age and Isotopic Studies, Report 10. In
Current Research. Geological Survey of Canada, 1997-
F, pages 1-31.

Stern, R.A. and Amelin, Y.
2003: Assessment of errors in SIMS zircon U-Pb
geochronology using a natural zircon standard and
NIST SRM 610 glass. Chemical Geology, Volume 197,
pages 111-142.



J.G. HINCHEY

Stewart, R. and Beischer, G.
1993: The Bobbys Pond base metal sulphide deposit,
Victoria property, central Newfoundland. /n Ore Hori-
zons. Edited by A. Hogan and H.S. Swinden. New-
foundland Department of Mines and Energy, Geologi-
cal Survey Branch, Volume 2, pages 89-100.

Sun, S.-S. and McDonough, W.F.
1989: Chemical and isotopic systematics of oceanic
basalts: implications for mantle composition and
processes. In Magmatism in the Ocean Basins. Edited
by A.D. Saunders and M.J. Norry. Geological Society,
London, Special Publication Number 42, pages 313-
345.

Sverjensky, D.A.
1984: Europium redox equilibria in aqueous solutions.
Earth and Planetary Science Letters, Volume 67, pages
70-78.

Swinden, H.S.

1990: Regional geology and metallogeny of central
Newfoundland. /n Metallogenic Framework of Base
and Precious Metal Deposits, Central and Western
Newfoundland. Edited by H.S. Swinden, D.T.W. Evans
and B.F. Kean. Eight IAGOD Symposium Field Trip
Guidebook. Geological Survey of Canada, Open File
2156, pages 1-27.

1991: Paleotectonic settings of volcanogenic massive
sulphide deposits in the Dunnage Zone, Newfoundland
Appalachians. Canadian Institute of Mining and Metal-
lurgy Bulletin, Volume 84, pages 59-89.

1996: The application of volcanic geochemistry in the
metallogeny of volcanic-hosted sulphide deposits in
central Newfoundland, /n Trace Element Geochemistry
of Volcanic Rocks: Applications for Massive Sulphide
Exploration. Edited by D.A. Wyman. Geological Asso-
ciation of Canada, Short Course Notes, Volume 12,
pages 329-358.

Swinden, H.S., Jenner, G.A., Kean, B.F. and Evans, D.T.W.
1989: Volcanic rock geochemistry as a guide for mas-
sive sulphide exploration in central Newfoundland. /n
Current Research. Newfoundland Department of
Mines, Geological Survey Branch, Report 89-1, pages
201-219.

Tallman, P.
2000: Reid Lot 228 Impost Report for 1999: 1978 grid
recovery, mapping, drill hole Location, and 1999 dia-
mond drilling part of the Tulks South Property, NTS
map sheet 12A/11, central Newfoundland.

2006: Block modeling and grade variance of Messina
Minerals’ Boomerang massive sulphide deposit, central
Newfoundland. Canadian Institute of Mining, Metallur-
gy and Petroleum, Newfoundland Branch. 53 Annual
Conference and Trade Show, Abstract volume, page 18.

van Staal, C.R., Dewey, J.F., Mac Niocaill, C. and McKer-
row, W.S.
1998: The Cambrian - Silurian tectonic evolution of the
northern Appalachians and British Caledonides: history
of a complex west- and southwest-Pacific type segment
of Tapetus. Geological Society, London, Special Publi-
cation 143, pages 199-242.

van Staal, C.R., Valverde-Vaquero, P., Zagorevski, A.,
Rogers, N., Lissenberg, C.J. and McNicoll, V.J.
2005: Geology, Victoria Lake, Newfoundland and
Labrador. Geological Survey of Canada, Open File
1667, Scale 1:50,000.

Webster, P.C., Barr, J.F. and Albuquerque, R.C.
2008: Technical report on the Daniels Pond deposit and
property holdings of Royal Roads Corp. Red Indian
Lake area, Newfoundland, Canada, 96 pages.

Whitford, D.J., Korsch, M.J., Porritt, P.M. and Craven, S.J.
1988: Rare earth element mobility around the vol-
canogenic polymetallic massive sulphide deposit at Que
River, Tasmania, Australia. Chemical Geology, Volume
68, pages 105-119.

Williams, H.
1970: Red Indian Lake (east half), Newfoundland. Geo-
logical Survey of Canada, Map 1196A.
1995: Geology of the Appalachian-Caledonian Orogen
in Canada and Greenland. Geological Survey of Cana-
da, Geology of Canada: Temporal and Spatial divisions;
Chapter 2, pages 21-44.

Williams, H., Colman-Sadd, S.P. and Swinden, H.S.
1988: Tectono-stratigraphic subdivisons of central
Newfoundland. /n Current Research, Part B. Geological
Survey of Canada, Paper 88-1B, pages 91-98.

Winchester, J.A. and Floyd, P.A.
1977: Geochemical discrimination of different magma
series and their differentiation products using immobile
elements. Chemical Geology, Volume 20, pages 325-
343.

Wood, D.A.
1980: The application of a Th-Hf-Ta diagram to prob-
lems of tectonmagmatic classification and to establish-
ing the nature of crustal contamination of basaltic lavas

101



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

of the British Tertiary volcanic province. Earth and
Planetary Science Letters, Volume 50, pages 11-30.

York, D.

1969: Least squares fitting of a straight line with corre-
lated errors. Earth and Planetary Science Letters, Vol-
ume 5, pages 320-324.

Zagorevski, A.

2006: Tectono-magmatic evolution of peri-Laurentian
and peri-Gondwanan arc — backarc complexes along the
Red Indian Line, central Newfoundland Appalachians.
Unpublished Ph.D. thesis, University of Ottawa,
Ottawa, 304 pages.

Zagorevski, A., Rogers, N. and van Staal, C.R.

102

2003: Tectonostratigraphic relationships in the Lloyds
River and Tulks Brook region of central Newfoundland:
A geological link between Red Indian and King George
IV lakes. In Current Research. Newfoundland Depart-
ment of Mines and Energy, Geological Survey, Report
03-1, pages 167-178.

Zagorevski, A., van Staal, C.R., McNicoll, V. and Rogers, N.
2007a: Upper Cambrian to Upper Ordovician peri-
Gondwanan island arc activity in the Victoria Lake
Supergroup, Central Newfoundland: Tectonic develop-
ment of the northern Ganderian margin. American Jour-
nal of Science, Volume 307, pages 339-370.

Zagorevski, A., van Staal, C.R., and McNicoll, V.
2007b: Distinct Taconic, Salinic, and Acadian deforma-
tion along the lapetus suture zone, Newfoundland
Appalachians. Canadian Journal of Earth Sciences, Vol-
ume 44, pages 1567-1585.

Zagorevski, A., van Staal, C.R., McNicoll, V., Rogers, N.

and Valverde-Vaquero, P.
2008: Tectonic architecture of an arc-arc collision zone,
Newfoundland Appalachians. /n Formation and Appli-
cations of the Sedimentary Record in Arc Collision
Zones. Edited by A. Draut, P.D. Clift and D.W. Scholl.
Geological Society of America, Special Paper 436,
pages 309-333.



J.G. HINCHEY

)
[EOO| PUE 8)IDLI8S-EO|IS JO S}SISU0D XLIE|N "aY|0AUs pajelodalq painixal-,Apin, SIA puod shkqqog €62-L0-OHr Sove £0ve 9vG.L.
‘s1abulys you |eyaw-aseq pue ajuAd suiejuo) “uonelsye
a}llAydoiAd F ayoues asusyul "y} ouAyd ahs-zuenb paisye Aian ‘paesys Atop SINA puod sAkqqog 882-L0-OHr zsel Gel 9¥GLL
‘1noybnouyy ayAd
JabBulys Joulw pue sjods a)euogJed yum payiollis “ajjoAys ayym o) AaiB-ybi SIA puod shkqqog 092-20-OHP 1'6.€ G'6.¢€ Y¥GL.
: ydoJuAd s|qissod
UlM uoljels)|e 8}eUOQIBO-8}I0LI8S JuepuNqY "N} 1|jide| OIS|e) ‘Paleljo-|IBAA SINA puod shqgog €G2-10-OHr 9/ Gl YvG..
"9)IOJYD Y)im pajeloosse Ajuowwod si d)lihd “Inoybnoiy) pajeulwsssip
s1 8juhd “ayjoAyl ouAyd sedspiey pue zuenb ‘payollis Aiaesy ‘passye Alqenen SINA puod shqgog 2GZ-L0-OHr z'se Ge Y¥GLL
‘a)Ad pajeulwsssip
pue uoljeIs)|e 81eUOGIED [BDO] YIIM SY|0AYI PBYIBS|q PUB PaLIdI|IS ‘SAISSBI SINA puod sAqgog GGZ-20-OHr G'esl zesl YvS.LL
‘a}l|iAydolAd Ajjenusiod -- buijesy Adeos e yym jonpolid uonelsye
uMOIG-ysippay ‘a)loAys passyje ajiAydolAd F syouss-eol|is-sjeuoqgle) SINA puod skqqog 962-/0-OHI £'6he L'S¥e Y¥GLL
"aA0qe Sse 8}l|0Ayl paisyje Bdl|is-8jeuoq.ed SINA puod shqgog 1G2-10-OHr z'se [Xer4 YvS..
"a)1|0Ays padayle (¢) auliAydoiAd F eyoles-el|Is-ajeuoq e SINA puod sAqgog ¥G2-20-OHr z98 98 Y¥S.LL
"a)uAd Joulpy “apjoAys payioljis pue aAlssew ‘AaiB-ybI SIA puod shqqog 6G2-L0-OHI Z'19¢ 192 vl
"8)l4Ad Joulp “eyj0Ayl payiollis pue aissew ‘Aa1B-jyb1] SINA puod shqgog 8G2-/0-OHI 1'962 962 Y¥G6LL
‘Jnoybnouy} sjejuien pue sjods sjeuoqle) “ajjoAyl sAISSew payoes|g SINA puod shqgog 082-20-OHr 9'65 65 8€G//
"9}|0Ays paisyle eoljis-eyoLes ‘ouhyd tedspley-zpenp SIA puod sAqgog 6.2-L0-OHI 414 414 8€G//
‘paseays Ajasuaju| “yn) ois|a} pass)je ajAd-a)oLas-eIIIS SIA puod shqqog 18¢-L0-OHr L'v9 S'v9 8€G./
‘s1abuls
8[eos wo-ww ajsleyds-sjuAd (oo "e10081q onjoAyl e 0y 4y jjjide| oisje 4 SINA puod sAqgog 282-L0-OHI €801 1'80L 8€G//
&Ny 1ndey oisje4 SIA puod sAqgog €82-20-OHM 99l oyl 8€G./
“aj1joAyl Aaub-)ybi| 0} 8jym ‘snosdl|ig SIA puod sAqqog ¥82-L0-OHI ¥'991 2991 8€G./
"8)ljoAys paisyje ‘ouAyd Jedsplay-zpenp SINA puod sAqqog 8/2-/0-OHI g€ €€ 8€G..
"9]lIAd Jo sjo|uIaA pue
SUOlJEUIWSSSIP PUE S}ods 8jeu0qIed Yim dH0AUI pajdllis ‘BHym ‘payoes|q A1op SINA puod sAqgog 192-2L0-OHr 6'LE L'LE 1€G//
‘ssoo0ud
Buizijesauiw juswaoe|dal e jsabbns Aew yoiym sjejsAio-zuenb jeulajul
awWos sulejuod apiyding “epiydins (eus|eb-sjuis|eyds) You-|ejow-aseq sAISSE SINA puod sAqgog 042-20-OHr L'8LL 621 1€S1/
"N} OIS|8} paId}E ‘pajel|o) |[9M ‘BS0}sIyds A]|eooT SINA puod sAqgog 292-L0-OHr 414 [4°14 1€G//
'sjods Bunudiano se sindoo
ajeuoqgte) sjsejd oiijoAys 8jeds-Wwo yim ynj ljjide) ois|ey paseays Ajpwaix3 SINA puod skqgog €92-/0-OHr S'vS €S 1€G11
"8J|0Ays payiollIs pue payoes|q ‘eiym Aiop SINA puod shqgog ¥92-20-OHr Z'89 89 1€G1/
“ajj0Ayl ouAyd ahs-zpenb ‘pais)je sjeuoqgIEd-BIIIIS SIA puod sAqgog G92-L0-OHr L8 6°€8 1€G//
"ajlj0Ayl pajerdoauq-opnasd SIA puod shqqog 992-20-OHr Ll2) Glcl 1€G2/
"}001 ||[EM]O0} d)elpawiw] "eusjeb pue ajusjeyds F auJAd Jo siabuuys
juepunqy ‘Juswipas pautesB-aul yim ynj ois|d) paiolis pue paureB-auy Atop SINA puod sAqgog 192-20-OHI 2’8l 8¢l 1€G//
"apiydins (eus|eb-ajusjeyds Ajpyeulwopald) you-|ejow-aseq aAIsse SIA puod sAqqog 692-L0-OHr 9'0LL 70LL 1€G2/
‘||lEM]OO} S)BIpawWI 8y} Ul SIN220
"s1ebuiis spiydins you syiAdooleyo-sjusieyds ypm e1oaiq onljoAys pazijessuliy SINA puod sAqgog L22-20-OHI 18l 808l 1€S1.
1noybnouyy
sjods 8jeuoqJed sulejuod pue noybnoiyy payolllS “ejjoAyl pajerodeig SIA puod sAkqqog Z.2-L0-OHr €6l €6l 1€S/1
"paleays Ajasusyul ‘1] aisje) paisyje ayijjAydoiAd F e)oles-sjeUOqIED-ZHEND SINA puod sAqgog 892-20-OHr 1'891 689l 1€S1/
uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

103



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

¢BAIeeYxa ‘@oueleadde pspueq ‘Sjuawipas dSe|oIuBdj0/ puod aaIny L1-90-OHr 8'8¢ 9'8¢| 10-20-dAD
‘papueq A|[eojuojos | “epjoysAd pue apihdoojeyo Jesse| yim aplAd anissep puod anny 9%1-90-OHI 9'ze ¥'2¢ 10-20-dAD
inyding
"O|UBD|OA DIS|8} pala)(e (¢,anunie ) ayljlAydoiAd-aluAd-eoliS|  @AnEN puod sAqqog 9G1-20-OHr v'el zel 6-dg
Jnyding
"0lUBD|OA DIS|9} paJd)je ajjjAydolhd-ajukd-eollS .  BAneN puod sAqqog GG1-20-OHr G¥ 8'vv 6-dg9
inyding
"y} oIs|8) palsjje Jnydins saneu-sjuAd-eONIS|  BAIBN puod sAqgog ¥G1-20-OHr vLe £le 6-dg
Jnyding
"y} o1s[a4 passyfe aylAydoiAd-eoliS|  eAleN puod sAqgqog /G1-20-OHI 6'96 8'96 6-dg9
anyding
"0|UBD|OA DIS|8} paJa)je ajAydoikd-eol)r aAeN puod skqgog 0G¢-20-OHr [Ax44 1474 6-d9
‘(¢) @uqns -- |[esauiw snotaql ‘Aaib e suiejuo) “a)IAd saIssew Jnyding
puE pajeulwe| Yjm dlUed|oA Dis|s) pads)ie eollis-(¢)allIAydoiAd-inydins aAajeN  aAeN puod sAqqog LGZ-20-OHP €0l L'¥0L G-dg
uawidio aq 0y paidisjul [essuiw abuelo Jybuqg inyding
€ SUIBJUOD "SjIUN|e Y}M ¥00J DIUed|OA Ois|e) pals)e (¢ )ey|lAydoiAd-eolis-ajuhd eaeN puod sAqgog 62-20-OHr z09 09 ¥-dg
Jnyding
"8)l|lAydoiAd sureuod A|qissod "olued|oA ols|e) passye sjunje-inydins-eolis  dAeN puod sAqqog LGL-20-OHP 6'¢S L'€S y-dg
inyding
"DIUED|OA DIS|3) paud}e (¢)aNlAydoikd-ajuhd-eollg  aAeN puod sAqgog 2S1-L0-OHr 99 z'99 v-dg
Jnyding
‘Jnoybno.y) sdsim s}oues yim snoaljis ‘oniueydy “ayjoAyl AeiB-ussis  aAieN puod sAqqog €G1-20-OHI 1'SS1 G'GSl y-dg
‘(¢) Moy} e :pajerddalq Apybiis s)00| Jun ay) Jo aseg
‘JnoyBnoay} 1nojod sjiym e o} payoea|q “ojj0AyYs ouAyd Jedspjey pue zpenp SIA puod sAqgog €12-,0-OHr Sl 8Pl L¥SL.
“Jedsp|a} buioe|dal sjods ajeuoqled
pue syshioousyd zuenb jlews ypm apjoAys payiolis ‘Ae.B ybil-wnipajy SINA puod skqqog 112-10-OHI ZSLL Gl L¥GLL
JNoyBNOUY} S}9|UIBA pUB SUOBUILISSSIP JoUlW SB SIN220
oA 'sjods Bunuiidiono se sindoo uoness)je sjeuogle) “a}|oAyl paiolg SIA puod sAqgog 9/2-,0-OHI L'2. 61 L¥S.L.
‘uoneJay|e eol|is-a)ioLas asusju| ‘yn} oLAyd ahe-zuenb pauresb-aul4 SIA puod sAqqog G/2-L0-OHr ¥'09 209 VA% IV
‘uornjesajle ayljjAydolAd F Jnoybnoly) pajeuIwassIp
S| 8)lIAd "UolRIS)E 8JBUOGIED-8)I01I8S SSUSJUI YIIM 4N} OIS|8) paieays AIBA SINA puod sAqgog ¥12-10-OHr 6'GY LSy L¥S1.
"uoljelo)e 8]euod.Ieo-a)IoLas
asuajul Aiap “ajoAyd Jo yny 1jjide dis|ay 8s0}sIYOS pue paisesys Ajpwanx3y SIA puod sAqqog 982-L0-OHl 8'6Y 9'6Y 9vG.L.
a)l|oAyJ Buipunolins
ay} yim sjoejuoo dieys “yny oisiay padsye syjjiAydolAd F ereuoqies-zuenp SINA puod sAqgog 262-L0-OHI z9lz 91z 9vS./
‘sainjoed) Buoje (eus|eb-ajlsjeyds-a)lIAd) s|ejow-aseq Joul ‘Seoeuns
ainjoely 8y Buoje sINdO0 UOlEIS) e B}I0|YD-8}I01BS "e10081q OIMI0AYI Jij mes-Bip SIWA puod sAkqqog 162-L0-OHr 6,61 9.6l 9vG.L.
‘spueq ajuajeyds
pue ajAd 8007 ¢9AIEIBYXT "SUOZIIOY JUSWIPAS SNOBJI|IS Pappag.ajul
pautesB-auy A1en awos yum yny oisiey oukyd ehe-zuenb ‘paurelb-auy Aiop SIA puod sAkqqog 062-L0-OHr L'LGL 6951 9vG.L.
‘s1ebus
apiydins you-jejew-aseq awos yym spjoAys saissew onuAydiod zuenp SINA puod sAqgog 682-20-OHr 6'crl LEvL 9vS./
‘Jnoybno.y} uonels)je ajeuoqied pue sjouas yim apjoAys ouAyd ahe-zenp SINA puod shqqog /82-10-OHr v'zel z'eel 9vGLL
‘Jlun ayj 1noybnouyy Jn220 sjods
ajeuoque) “sjjoAyl paisjje sjeuoqieo-syouss ‘Asib wnipaw-jybi| ‘enissepy SINA puod sAqgog G8Z-20-OHr zee €€ 9vS./
uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

104



J.G. HINCHEY

"MOJ} sligeq 8
'sjsejo apiyd|ns aAissew pue sjse|o ayljjibie Jouiw yum sised ouAyd-zuenb -
passye Aq pajeulwoq “(olydelbiesss) lembuibuey woly e10991q olse|oldy puod s|siueq LEL-20-OHP zese 2€Z  ¥0-z0-NA
"0|UED|OA B}eIpBWLIB}Ul PRISYY puod sjelueq 62L-20-OHr Lz 80LZ ¥0-20-Nd
‘paulnuano s Aydeibnens ‘uozioy
-a10 8y} (AjjeoiydelBnens) mojag woly yny ajelpawiaiul (ajhd-eol|is) palsly puod sjalueq 82ZL-L0-OHr 102 8002 ¥0-20-Nd
1noybnouyy sejepbAwe
pally-zKeny “snousbowoy pue sAisse “||is diyew usalb paulelb-suly puod sjeiueq 12Z1-20-OHr zlL 811 $0-20-Nd
"Mo}} sugaqg
's)se|o apiydins aAissew pue sise|o aj||ibie Jouiw yum sise|d ouAyd-zuenb
passye Aq pajeuiwoq “(o1ydelbiedsss) lembuibuey woly e1099.q olse|oldy puod s|eiueq ZEL-L0-OHr 8'9¢2 9'9¢Z  $0-20-Nd
"n} ejeipawusul pasyje (syskojiey/aniAydolAd F) syoues puod s|aiueq LLL-20-OHP G0l Z'€0lL  20-20-Na
"OIUBD|OA B}eIPSWIBIUI PISYE PaIN0|0d BbueIO puod sj|alueq 02Z1-20-OHr L'see GGz 20-20-Nd
‘llembuibuey ay}
woul [ejuswbeld oluedjoA sjelpawLaiul palsyfe (ajjiAydolAd F) eoljis-s)oLeg puod s|eiueq 611-20-OHI G102 €102 20-20-Nd
"you |ejow-aseq “opiydins anissep puod sjeiueq 81 1-20-OHr 6'S61 /'S8l 20-20-Nd
‘s|eysAio-zyenb |eulajul sey a10 dAISSE) SISe|D pue
syuawbely yum (ayukdooleyo F sjus|eyds-eus|eb-aiAd) apiydins anissew-iwag puod sjaiueq LL1-L0-OHr 8'v61 L'¥6l  20-20-Nd
‘suoljeulwassip (eusjeb) you-jejaw-aseq
sutejuo) “yn} sjelpaswisiul passyje (sysholey/epiAydoiAd F) sjuojyo-syoues puod sjeiueq 91 1-20-OHr z.81 /8L 20-20-Nd
"}y ejeipswusiul passyje (spsho|jey/ayiAydoiAd F) ejuojyo-sjoueg puod sjaiueq Gl 1-L0-OHr 8,91 G'/91  20-20-Nd
"}y ajelpawiaiul pasajje (ayliAydolAd F) ayukd-ayouas-eollig puod sjaiueq ¥11-L0-OHr z Lyl vl 20-20-Nd
‘uoljela}je 8)euoqJes/a}llo|yd pasealoul aAey ey}
S[eAJSJUI UM Pajeloosse S| djAd “yny sjelpswleiul paisje sjuAd-sjouss-eollis puod sjeiueq ZL1-20-OHr L'SLL GGLL  20-20-Nd
"s1obuLs ajuAd ypm g} 1jide| SjeIpaWISIUI-0IS|S) PaIS) e BOI|IS-O}H0LSS puod sjaiueq 0} 1-L0-OHr 288 88  20-20-Nd
"Ny ejelpawlsiul ouAyd ehe-zpenb pazyuolyo puod sjaiueq 60L-L0-OHr 62 8./ 20-20-Nd
‘s|ejsAlo zyenb joi18l
aAey 0} sleaddy "pajel|o} |9 "N} Sjelpawsiul paise (ay|IAydoiAd F) epoes puod s|alueq 801L-20-OHr 1'89 G'89  20-20-Nd
‘IIis oyew |epiojepBAwe sjeuoqgles-zpeny puod sjaiueq L0L-L0-OHr 6,2 9'/Z  20-20-Nd
‘uoljeld)|e B1I0JYD pasealdul UM pajelioosse (eus|eb
-s)usjeyds) siebuls [ejow aseq "Jn} SjelpawIsiul paisye sjliAd-e)olas-edl|IS puod s|eiueq €11-20-OHr 6'vElL L'¥€lL 20-20-Nd
"Ny o1s|9y ouAyd Jedspies-zpeno puod anny 8€1-90-OHr 1'v2 S'¥Z €0-20-dAD
(M) o1UBDjOA DiS|} paIs)|E DISSEJOd puod anng 6€1-90-OHr S 6'€S €0-20-dAD
"a)liaeyds Joulw YIM UIdA zpenp puod anny 0¥1-90-OHr GlL'9S 1’9 €0-20-dAD
olAyd
Jedpjay-zpenp eblaqg-Aeib Jybil ‘payoilis A1 yny oisja) paurelb-esieo) puod anny 8¥1-90-OHr S0'Le 6°0Z 20-20-dAD
"saplydins ay} ul
saka-zyenb pansasald A|jeooT ‘(sde|eyds-ayoysiAd-a3iAd) apiydins anisse puod aaIn) 0S1-90-DHF 9'/¢ G'/€ 20-20-dN\D
s|eysAio-zpenb o181 yim apiydins aaissepy puod anny LGL-90-OHP g'/¢ 1'/€ 20-20-dAD
‘Juswipas opse|olds pauresfb-sul4 puod anny 2S1-90-OHr 6'9% 1'9% 20-20-dAD
‘sjods 8)euoqJes yjum
uonessy|e ayoues ‘syshioousyd Jedspiey Juepungy "gny OIUED|OA (¢,)8)elpawiaiu] puod anny 671-90-OHr Slye G6'€E 20-20-dAD
"SAIje[eYxX® - UOBLLIOJ-UOJI SNOBJJ|IS “Juswipas patokeT] puod anny ¥¥1-90-OHI 8'62 G9'6Z 10-20-dAD
(ONe[BYXD - 3o0u Arejuswipes palaheT ‘payo/exoemialn puod anng G¥1-90-OHr €le GZ'Le 10-20-dAD
‘auo0z uoljelalle
llemjood “aplAd pajeulwassip %g-¢ Aj|E00T "Jn} OIS|9) PaLIolIS/PaZIHoLeS puod anny €71-90-OHr L've 6'€Z 10-20-dAD
"8)lAdooleyo jo s1ebuls Jouiw ypm sjuAd Apsow-apiydins saissepy puod anny Z¥1L-90-OHr 9l 8'Gl 10-20-dAD
"sjuswipas oisejoide paurelB-suy ojul dn sauld “yny ois|sy ouAyd-zpenp puod anng L1-90-OHI a4 €l 10-20-dAD
uyduoseg [ Auadolg wnNa|dwes w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

"a)1sAo|[ey suleuo) "yn} sjeipawisiul paisye ajuAd-eolis-ajoLes puod s|aiueq 001-20-OHF 1'8L 6.L 90-NQ
‘s1abuls
apiydins you-|ejswu-aseq SUIBUOD “Jn} sjelpawiajul paiaye a)ishojiey-ejoues puod s|elueqg L0L-20-OHr Z2's8 S8 90-Nd
"yny ejeipswJajul ouAyd Jedspiey-zuenb pazpuoyd puod s|aiueq 201-L0-OHr €201 1'Z0L 90-Nad
"N} 8jeIPSsWIS]UI Pald)[e Bdl|Is-8}I018S puod sjaiueq €01-20-OHr Sy LLL GZLLL 90-Nd
‘uoljela}je asuajul 0} anp aq Aew jng 2Is|a} SH00T
"0lIAYd 8ha-zpenb aq o) steaddy ‘yny (sy)1AydoliAd ) paisyje eoljis-s)oLeg puod s|eiueq €60-20-OHI €6l 1’61 90-Nd
‘|lemBuibuey “yn sjeipawlsiul paleays Ajesusiul puod sjelueq ¥01-L0-OHI S6LlL €6LL 90-Nd
"uonjesa}e 0} enp Ayjuepl 0} preH “yny paisyje sjAd-eol|is-e)oles puod sjaiueq 960-20-OHF 8Ly Gy 90-NQ
"oljew st AisIWBYD HNOWYIP UOED|USPI Sa)ewW uoljels)je
awauxg Yy ouhyd ake-zuenb paisye (ayjAydolhd ¥) syshojiey-sjoLeg puod s|eiueq 160-20-OHI 8'99 1'99 90-Nd
‘sysAuoouayd Jedspjay-zuenb o181 aney
0} sieaddy “(oyew-sjeipawuaiul) sjUAd J0ys)oNg Ypm 1ny paziuojyo Ajlesusiul puod sjaiueq 860-20-OHr 1'69 G569 90-Nd
‘|lom Se uofels)je ajeuogJed dfjoey) ‘siebulls pue sga|q se
$1N220 B}lIAd "Yn) oljew-ajelpawIaiul pala)e ajlAd-zyenb-ajeuoqles-sjoneg puod s|elueq 660-20-OHI zel e/ 90-Nd
JjNn} ejeIpswIs)ul pawioseq puod s|aiueq G0L-20-OHr 9vel GYel 90-Nd
4N} dljew-sjelpawlsiul pals)je 8jeuoq.ed-elliolyn puod s|siueq 901-20-OHM 54" Livl 90-Na
‘sysAioouayd Jedsplay
Buroeldas sjeuogue) ‘sahe-zuenb yym yny oyew-siepawsiul pazpolyo puod s|eiueq #60-20-OHI L'ee 6'2¢ 90-Nd
“|Iis [epiojopbAwe sjeipawiisiul 0} oyep puod s|aiueq 80-20-OHr ezl L'ZL 0L-20-NQ
‘uonessyje ayojyo Apods
Upm uonessyje ay||AydoiAd F ejioLies asualu| “Jn) sjelpawisiul pais)je Ajlasuaiul puod sjelueq G80-L0-OHr €cLL L2/l 01-20-Nd
‘(onjeseq) oyew si Alsiway) "uonIsodwod auiwis}ep
0} oy “eyiihydoiAd Alqissod pue eyouss yim yny paesys/paisyje Aiop puod sjeiueq ¥80-20-OHr €851 1'8GL  04-Z0-Na
‘oljew-ajelpawaiu| “(alAd ‘eusjeb
‘apAdoojeyo) olueojon pazijessuiw (ay||AydoiAd F) paisyje ayoues Ajasuail puod s|elueqg €80-L0-OHI 7'cel Z2'cel 0L-2¢0-Na
‘so|epbAwe ajeuoqieo
-zpenb Juepunqy “Jun 8y} JO 8SBQ B} 1B ||IS JIjeW pals)je 8jliojyo-sjeuoqied puod sjaiueq 280-L0-OHI 1€zl G'eZl  01-20-Na
‘|I's diew ysal4 puod s|elueqg 180-20-OHI A4 c¢ll 0l-2¢0-Na
‘Jnoybnouyy sejepbAwe paji 8314101y 10eJU0D Jaddn pasesys pue suibiew
Pa|IIyd yum [lis olyew usaib snousbowoy paulelb-aul ‘Buioo| sAIsse puod sjeiueq 080-20-OHI 1’99 6'G9  01-20-Nd
"1noybnouy} s1sjuIsA zienb Juepunqy ‘uoneis)e
8jeuoqJed pue 8}l0jyd juepunge Yim psjel|oy [I9AA IIIS dljew o} sjelpawaiul puod sjalue@ 6.0-L0-OHI 6Ly L'/y 0l-20-Na
(&) 4} ejeIpaWILlU| "OIUBD|OA paleays paulelb-aul pais)y puod s|elueqg 980-L0-OHI g'sle €'6lg  0L-20-Na
‘palake| A||eoluoyoa] ‘suoisnjoul ouAyd-zuenb suiejuo) siabuuys
eus|eb-ajuhdoojeyo yum siabulys ajeuoqled-zuenb swos yym ajuAd aaissepy puod s|eiueq 0S1-20-DHI 122 €122 $0-20-Nd
‘uofjelaye eol|Is-a}o1as
UHM DlUED|OA [ejuswbely olyew-sajelpawlaiul osAiosawolbouiyd-zueno puod sj|elueqg LZL-20-OHr 'Sl Sl ¥0-¢0-NA
‘uoljeia}|e eol|Is-a}I01ias
Uim S1UuBDjoA [eJuswBel) dlew-sielpawIsiul ansAioiswolBouAyd-zuen puod sjaiueq 221-L0-OHI 902 ¥'0Z  +0-20-Na
"N} O1Y}| DlyeLu-sjelpawLIBul pausye SjlIAd-eol|ig puod sjelue@ €CL-L0-OHr 8Ly S'Ly  ¥0-¢0-Nd
‘pauinuano si Aydelbiess ayy yeyy buneosipul
umop Buiuy aq o} sieadde jun ‘sjuswbely s)uAd siey "yny 1jide| sjeipawlsiu| puod sjeiueq ¥21-L0-OHI 1’18 G'18 $0-20-Nd
‘siedsp|o}
Buroe|das squioys sjeuoqled asuajul A|[eooT °||is oyew usaib paulesb-aul puod s|aiueq GZ1-10-DHr 16 896  +0-Z0-NA
‘Jn} ejelpawusiul oAYd 8he-zpenp puod s|siueq 9Z1-20-OHr eyl L'¥2l|  ¥0-20-Na
JlemBuibuey wouy yn} sjeIpawsiul/OIS|9) PaIS) e 9}EUOGIED-BOI|IS-B)I01ISS puod s|elueqg ¥E€L-L0-OHI 298¢ 982  ¥0-20-Nd
"8juAd psjeulWwSSSIP SUIBJUOD "IN} SjBIPSWIS]UI PBIS)[e 8}10LI8S-BII|IS puod s|aiueq €€1-20-OHr v'ove Z9vZ  $0-20-Na
uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

106



J.G. HINCHEY

"B} oIs|8y paziAd/pazioues puod uobeig ZZ1-90-OHr Sv6 €96 ¥0-G6-dyd
"9Ap/lIIS ‘sulblew
PaIIIYO pauLep-|[9AA “PauIEIB wnipaw-auy ‘UsaIB-WnIps|y "OlUEdjOA dle puod uobeig €21-90-OHr 716 1'/6 +0-G6-d¥d
“(3n3) o1ueo|on dis|ey oLAyd-zyenb pezi puod uobeig ¥21-90-OHr /L0l 6’10l ¥0-56-dda
“(3§n3) ouedjOA DIS|8) OLAYd-ZEND pal puod uobeig GZ1-90-OHr G290l G'90L +0-G6-d¥d
“(34n3) o1ued|oA ois|a) olAyd-zuenb paziuAd Ajiaeay pue pas puod uobeiq 92Z1-90-OHr 7'8. 2'8. 20-G6-d¥d
"4} o1s194 o1Ayd ahe-zpenb pa puod uobeig /Z1-90-OHr z'98 98 20-G6-d¥d
"}yn} o1s|8 o1AYd-zpenb pa puod uobeig 821-90-OHr 'Sl Z'SLlL 20-S6-ddda
U0z ||leM}00 "d1Ad Jo
SI9|UIOA PUB PBJBUILLBSSIP %8-G "(}N}) DIUeDjOA dIs|a) olAyd-zuenb paziol puod uoBeiq Z11-90-OHr GL¥S 9'%S 10-G6-d¥d
"0]UBD|OA 21S9} OlAYd-zenb Buiesqg-apiyding puod uobeig #11-90-OHI S¥'10L GZ'L0L| 10-G6-d¥a
"DIUED|OA DIS|8) [ejuswbel puod uobeig 91 1-90-OHr Loyl 6'6SL 10-G6-dyd
"apjoyAd anissep puod uoBeig 21 1-90-OHr G'GY ¥'Sy 10-66-dyd
YNy oIs|e) e
UM pajeloossy ‘a)joyliAd ‘ayjeubew ‘ejjewsay ‘e)euoqied-uol| "uolewIo) uol| puod uobeiq 0L L-90-DHr €'GYy Gt L0-S6-d¥d
"uoljeW.o) uod yo-sjiAdoussiy puod uobeig LL1-90-OHr oY 9¥  10-G6-dya
"0lUED|OA Bjelpawlsul oUAyd-1edsple) pue zpen puod uoBeig €1 1-90-OHr 6'29 1279 10-66-d¥d
"olued|oA dIs|a} ouAyd ahe-zuenb pazio|yd puod uobeiq G11-90-OHr eyl L'¥LL 10-G6-ddd
‘uoljesse
8}1018s BUOJIS "UOIBWIOJ-UOI| BU} SAOJE W04 OJUBD|OA DIS|S) POZIIONSS puod uobeig 601-90-OHr zy 8Ly 10-66-d¥d
gl
1jjide| e Jo 80w Ojul UMOP SBpelS) "Jn} djeipawsiul olAyd-iedspia) ‘payollS puod sjaiueq 180-L0-OHr 20z 0z G-Na
‘s|ejaw aseq Jouiw yim ajAd aaissew paulelb-auly Alop puod s|aiueq 060-20-DHI 9'LS G'LG G-Na
"8U0Z Jabuls SjluAd "oiew si Asiway) “yn} sjelpawlsiu| puod sjeiueq 160-20-OHI G¥'6S GE'6S G-Na
"y pasa)y (¢)aulIAydoAd-ajeuoqles-ayouss puod sjalueq 260-L0-OHr 9.9 G'/9 G-Na
"sysejo ouAyd-sedsplay ypm yny 1jjide| ois|e} [ejusbEl puod sjaiueq 680-L0-OHr vy €Ty G-Na
"(%0€-02) o1Ayd Jedspja "yny sjeipawlaiul paisye sjluAd-ejeuoqied-eol|is puod sjeiueq 880-20-OHI 6'92 192 G-Nd
"}§n} SjeIpawlsiul pats)je sjliAd-eol|Is-a}01eS puod sjeiueq 1€1L-20-OHr 28 Z8 91-Nd
‘[epiojepBAwe £|jeao) ‘|iis oiyew usaib-iep ‘pauresB-suld puod sjaiueq 9€1-L0-OHr 29 819 91-Nd
‘Jnoybnouy} sehe-zuenp “ynj sjelpauLIsjul/olew pals)je sjeuoqled-eollis puod sjaiueq 8€L-L0-OHr 68 8'88 91-Nd
“}§N} OljeWw/aleIpaWIS)UI pals)je Bdl|Is-8}i0|yD puod sjeiueq 6€L-20-OHr G'e0l €0l 91-Nd
‘pauinlusno
sI Aydelbiyesss ‘ajoyumop sajepbAwe Buisealou| “|jis opew usalb ‘paulesb-aul4 puod sjeiueq OvL-20-DHr ezl 1’12l 91-Nd
"N} ejelpawlsiul ouAyd Jedspjaj-zpeno puod sjaiueq L¥7L-20-OHr zzel zel 91-Nd
"sake-zyienb juepunqy "ynj sjeipawIsiul paise sjluiAd-ejeuoqled-eol|is puod sjeiueq ZyL-L0-OHr oSl 8'671 91-Nd
“(3n3) o1uedjOA BjeIpawWILiUl OMAYd BAe-zpenb paisye aplAd-syoues-eolIS puod sjeiueq €¥L-20-OHr ¥9l 8¢9l 91-Nd
"pozi||eyshioau tajuAd anissepy puod sjaiueq ¥¥L-L0-OHI 6'€Ll Lell 91-Nd
"01UBD|OA BJelpaLIBUI [EJUBWOEY SN0BIIIS puod sjaiueq 9% L-L0-OHr 98l 868l 91-Nd
"} ejeipawdsiul ouAyd ahe-zpenb paisye e)oues-eIIIS puod sjeiueq L¥1-20-OHI GE'661 Gl'661L 91-Nd
"JIUBD|OA BJEIPSWIB)UI-0ISB) PaId}[e S)I018S-BI||IS ‘paJedys puod sjelueq 8¥L-L0-OHI 8y1Le 9Lz 91-Nd
"aouanbas piemumop-Bulul e Jo Led “yn} sjelpawsiul palsjje eol|is-8}io|yD puod sjaiueq GEL-L0-OHr 8'6¢ 9'6¢ 91-Nd
'sapiydins aAissew pue aj|jibie 18ssa| YIm solued|o ouAyd-zuenb
Asow aue sjselQ |lembuibuey olydesbiess sjeipswwi ul [ejuswbely Moy Ssep puod sjeiueq G¥L-20-OHI 7’181 €18l 91-Nd
"e10021q o11||1B1y puod sjalueq 6¥1-L0-OHr zozl ozl Zl-Na
N} Sjelpawlsiul-ois|s) ouAYd 8he-zpenb pajiollis pue pasesys puod s|siueq 0S4-20-OHr eyl 8'¢hl Zl-Na
‘uonelsle ayouas Aq pajulidiano uonelaye ajloly) epiydins
pojeUIWSSSIP JOUI “Yn} Sjelpawlsjul paziuojyo ouAyd Jedspiey-zpenp puod sjeiueq G60-20-OHI v'ov 14 90-Nd
uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

107



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

"Ny [e3sAID 0) yse Disje Buelswoog 122-90-OHr 8'G6 966/ LL-¥0-VO
‘SWlI uojjeld}je aAeY S}SE|D BWOS ‘S)sefo

oI10AyJ pue sisejo Jayd Aaib [eoo ‘papoddns ise|o ‘ajesawolbuod oiyiAlod Buelswoog ¥22-90-DHI rAVAS 69¢  LL¥0-VO
'sise|o Auayo pue sdn-du ayijjibie swos Yum sjsejo you Jedspjaj-zyenb

Apsow ‘payoialys pue pausye|} ale syse|) ‘ajesswo|buod - yny 1jjide| ois|e4 Buesswoog €22-90-DHr rAL°TA GZ  LL¥0-VO
‘suozioy

e [B00T] "uozioy Apayo/auosy|is palalke| Aaib-yiep ‘paulesb-auly Aiop Buelowoog 222-90-DHr Z0L oL L L-¥0-VO

‘|Ils e Bunsabbns uoneosa.q JoBIU0D OU Ing sulblew pa

ay} pJemo) sajepBAwe [eo0] yim paulelt wnipaw ‘usaib wnipsiy Buesewoog 82¢-90-OHr 7'erl Zg6vl  LL¥0-VO

‘suozpioy ay||IbJe wo 0Z-0L UHM Hn} Ijjt Buesewoog Z€2-90-OHr Z'sec GeZ  LL¥0-VO
"YSe Ue Ul SUOIljeulwe| Sjnd pue sapnJjul

10eJU0D |Eseq "sajepbAwe may Aian ‘snosusbowoy pue usalb-ybiT “|jis ouen Buesswoog 0£2-90-DHr AN 102 L0V

"Buippaq Asewd ‘Aa16 ‘paurelBb-aul] "yse payiol|is Buesewoog €€¢-90-OHr 1'0v¢ S'ovc  LL¥0-VO
‘suonel|o) buoje ayo11es 0} anp asueleadde papueg

‘Inoybnouy) Butuea zpenb ‘ebiag-yuid ybi “suibiew pa|iiyo yum [iis ois|e4 Buesswoog ¥€2-90-OHr 6'15¢ L¥S2)  LL-¥0VD
"uonesayje ayoLeS asjeyds pue eus|eb

Joujw pue a)lAd aAissew jo pasodwod siabulys apiydins yym yny 1jjide| oisja4 Bueisswoog GEZ-90-OHI G9'G9Z G692  L1-¥0-VO
‘uoljesale
9)LI0JYD [ED0] YlIM UOIjeIS)e 8}I01as asuajul pue siabus (splajeyds + ayjuAd)

apiydins SAISSEW 0} SBAISSEW-IWSS Juepunqgy ‘|[EM}O0} d)eipawill Ul yse dis|od Buelswoog 9€¢-90-OHr £'60€ 1'60€  LL-¥0-VO

‘yse aisje4 Buesswoog 1€2-90-OHI Sv'LLE €/le LL¥0VO
‘s|eysAio Jedspiay

pue zyuenb jo soueseadde ayy Aq pauyap si pue dieys si aseq "yse ois|o Buesawoog GZZ-90-DHI 1S 6y  LL-v0-VO
"apiydins Jouiw AJSA "Xiujew

8)LI0JYD pUE 8)I01I8S "BUO)S)IS PUE d4D OIs|a} dJe sise|D “Jn} ljjide| oisjo4 Buesewoog 92¢-90-OHr SE'Y8 L'¥8  LL-¥0-VO
‘'suozioy

ol|j1Bae (8207 "syuswibe.y o104y, [B20] UM 1Ny [BISAID-YSY “yse dis|e- Buelswoog 622-90-OHr ¥'191 T R)

‘uoness)je sjoLeg “Yn} o1s|s) ouAyd-zueng puod uobeiq ¢01-90-OHr 8'98¢€ G'98¢ 10-96-ddd

‘uonjelaye e)dlIes “Yn} ols|a} dLAYd-zpenp puod uobeiq L0L-90-OHr G2'89¢ 1'89¢ 10-96-d¥d

"a)joyLAd pue ejuhd pejeulwsssiq -olued|oA dls|e) ouAyd-tedspley pue zpenp puod uoBeig 001-90-OHr z'16¢ 1GE  20-96-d¥d
"1iny OIS|8) B

Unm pajeroossy “ajjoyliAd ‘epjeubew ‘ayjewsy ‘9}euog.ed-uoi| “Uoiew.Io;) uol| puod uobeig 860-90-OHI 9'9¢¢ ¥'9¢¢  10-96-d¥d
‘ayjoyLAd

pue a)lAd pajeulwassIp Joulw ‘Uolels}e aouss “Jyny dis|a) ouAyd-zueny puod uobeig 160-90-OHr Ge'zee Z'TZE 10-96-dya
“ay3oylAd

pue ajuAd Joully “uolelsyje ajoLes JuepUNQY YN} dIs|a) ouAyd-zpenp puod uobeig G60-90-OHr se8l 2’8l 10-96-dyd
‘ayjoyLIAd pajeulwassip

Joul\ “1noyBnouyy BuluiaA sjeuoqgles-zpenp “yny [ejsAio Jedspiey pue zuenp puod uobeig 660-90-OHI 6€€ 8'86€ 10-96-dHd

“a|IAyd payoiis puod uobeiq 960-90-OHr 6'62C 1'6¢¢ 10-96-ddd

“ajliAyd/ey|iible yoelg puod uobeiq ¥760-90-OHI 8'ql 9'GL 10-96-dyd

‘a)1|i61e yoe|q Jo sdn-du ||ews seH uonels)je ajoLes UNy disje) OLAYd-zueND puod uobeig 811-90-OHr G8'89 9'89 ¥0-56-d¥d

Juslpas snousfolio- puod uobeiq 6L1-90-OHI 0L 2'0L ¥0-S6-dyd

"8)uAd Jo|uteA/pajeuIWasSIq OIUED|OA DIS|9) olAYd-Zienb pazpiousg puod uobeiq 0Z1-90-OHr vzl 2CL ¥0-S6-d¥d

"8)uAd pejeulwsssIp [e00) ‘UojeIB}e B)0Ls-8}LI0|YD 4N} JIs|es dAyd-zHenp puod uobeig 121-90-OHI ¥'G8 Z'G8 ¥0-S6-d¥A

uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

108



J.G. HINCHEY

|11 o1s18} 8b18g-Aa.b 16| ‘enissew ‘oukyd-tedspia) pue zpuenp Buelswoog 861-90-OHr G'eGl €€Gl| 1260V

¢uoziioy aAieyx3 "apjoyiAd aaissew BuiAuspun yum ayjibie pasesys Buesswoog 01L2-90-OHr L'Lee 6'0€€  12-G0VO

‘papoddns xuje|y “sjesawo|buod o} yny ijjide Buesswoog €02-90-OHr ¥'€22 L'€gg  12-G0-VO
'syse|o padeys abuazo) ‘papoddns xujew

‘sysejo you Jedspiaj-zuenb Ag pajeulwoq -auojsijjide|/ayesswo|buod 2is|e Buesowoog 961-90-DHI 80°66 886  1Z2-G0-VO
"XJeW Ul uoljels}je a}ojyd pue ayoues aylAd

Joul\ "s}seo OIS|9 DIYH|OUOW ‘SISED pauslel 8]eds-Wo yim auojsilide| oisjo4 Buesswoog €61-90-OHI ¥'¥S Z¥S  12-S0-VO
'S}oeju0D

dieys "syshioousyd Jedspiey pue zuenb %GL-0L Yim SAISSEIN “|IIS OIS|o- Buesswoog 022-90-OHr G°/2S €125 12-G0-VO

) Je JO sdsim [e20] ‘s|ejsAio z)enb [e207] “Yyn} ysy Buesewoog 161-90-OHr 9'6¢C ¥'6C 12-S0-VO
‘suoljeujwassIp

9)uAd Joujw ‘uoijeiaye S}0|YI-8}I01IaS JoUIW ‘Yny Is|9} duAYd-zeND Buelowoog Z261-90-DHr '8y 8y 12-G0-VO
"JOBJUOD WO}Og 8y} 1B payoes|q

‘payeljo} Apybiis AjuQ "sysAsoousyd Jedspjay pue zuenb Joul ‘|is dis|ed Buesewoog L12-90-OHr G8'8G¢ 9'86€  12-G0-VO
‘Xijew Buijeuiwop

Alleoo] uonielsyje eyiolyo Juepunqe ‘ouAyd-iedspies pue zuenb ‘|jis oisje4 Buelswoog 161-90-OHr 862l 62l 12-G0-VO

"sejepbAwe paj|iy 81eUOGIED ‘||IS Df}|eseq [eplojepBAwy Buesswoog G61-90-OHr S¥'19 €19 12-50-V9
‘uoljelsyje ajeuoqgled

-uoJ| pue ajojyd asudju| “Buippaq paasasald A|[eoo| yim yny Apues oisje4 Buesswoog 661-90-OHI 18l 808l 12-G0-VO
'saue|d Buippaq buoje ayuAd Joulp ‘suoziioy ayibie

[BOO] UM sjuswipas pappaq Aaib pantesaid AjjeooT "yn} [eysAio oIsja) 0} Usy Buelswoog 002-90-OHr G6'961 196l 12-G0-VO
‘saue|d Buippaq buoje ajuAd Joup ‘suoziioy ayjibie

[B00] Uiim sjuswipas pappaq Asib parsssaid A||eooT "yny [eyshio oIs|s) 0} ysy Buesswoog 10Z-90-OHI 1z L1z 12-50-V9

"siseo dn-du ayjibie (00| yim yny ois|a} oLAyd-iedspie) pue zuend Buesswoog 20Z-90-OHr 65'l2e €122 12-60VO

"a)|j16.e Jo sdsim |eo0| yum snosuabowoy ‘paulelb-aul Al “ayoemAsID Buesowoog ¥02-90-DHI e 1'€€2  1Z-G0-VO
‘|l 1oA8]-yBIH “Sero991q J0eju0d

ou ‘wopoqg pue doy je Buesys “(auo]ed yim payiy) [eplojepbAwy ‘|iis onjeseq Buesswoog G0Z-90-OHI 1'ese 6'25¢ 12-G0VO
'SaU0Z }ney |[ews Buoje

uoljeJs)|e S}I0JYD BSUBJUI JO SUOHIBS UM yn} [e}sAio 0} yse dis|e) paulelb-auld Buelswoog 102-90-OHr G2'/8¢ /82 12-G0-VO

‘suonel|o} buoje sdsim ayibie ypm yny oi1s|a) usaib-Aaib paulelb-auly buelswoog ¥61-90-OHI ¥'1G /G 1Z-S0-VO
‘abenes|d paje|nual) ‘ajAd Jabulls 0} pajeulwassig

"uoljela}je 8)I01I8s d}eIapol "paleays AlaA ‘paulelB-aul4 "yse 2is|o4 Buesowoog 122-90-DHI G'8GS 2865 1Z2-G0-VO
‘lepiojepbAwe

AlleooT "sysAioousyd Jedspjaj-zpenb %z-| ynm paurelb-aulq ‘|iis dis|o Buesewoog 912-90-OHr G8'eGy L'€Sy|  12-G0-VO

‘|I1s onjeseq [epiojepbAwe umoig-jybi| 0} ableg Buesswoog ¥12-90-OHI Z0LYy Ol 12-50-vD
"9]BU0qJED/3)I0[BD YIM

pa|y aJe sajepbAwy ‘|epiojepbAwe pue aAlssew ‘usaib-wnipay ||is onjeseq Buelswoog 602-90-OHI 7'6LE Z6le 12-60VO

"2Injxa) e10021g-opnasd e saAIb uoljels)je 8}lIojyD "N} Buesewoog 061-90-OHr s9'¢e ¥'¢C¢  12-50-VO

'810 8A0QE W G| Jnoge yn} Buesswoog 612-90-OHI L'¥0S ¥'¥0S  12-G0-VO
B\ € F L6 ‘pajeljo) AjBuoss o}

Kjeyesapoly “ajdwes ABojouolyo0a9) uozioy 810 ay} dA0de Wol dxAp dls|o4 Buesswoog 0¥2-90-DHr 92 1'/¥2  6.0-S0-VD
‘BN € ¥ L6F "o|dwes
ABojouoyo0a9) "a|eys }oe|q paje|edlajul SeH ‘Jun siy} saoejdal 810 ‘a10 anoge

AlejeIpswiwl wol4 "paziuojyd pue pazioues Ajgsusiul “yny [BsAIo ois|e4 Buelswoog 6£2-90-OHr 1'09¢ L'G¥E 910-G0-VO
"apiydins Joujw

suleyuog “ynj ljjide| o} [eysAio ‘ouAyd-redspisy paziiolag ‘yny [eyshio oisje4 Buesswoog 8€Z-90-OHI 8'8¢¢ L'€2¢| 910-G0-VO
1noybnouy)

UONEOYID||IS PUB 8JBUOGIED-UOII [800] YlIM }[BSEB] USBIB-WNIPS| “IIS S4Bl Buelswoog L€2-90-OHI 8122 G/22  LL¥0-VO

uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

109



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

"sulblew paj|iyo parsasald-jjom ‘ejAd Joully “|iis dnIsapuy oulwog 8/1-90-OHr ¥'80G 2’805 G0-/6-VO
‘oujwo( 0} ||lemjooy} ajelpaww| -ajAd Juepunge pue ajuseyds ‘eyuAdoussie
|00 sise|d Ausyo/ejoAyl (2007 “yny ide) dis|ey you-ledspie pue zuenp ouiwog €81-90-OHr 195 899G  G0-L6-VO
‘|l's dis|a4 oulwog $G1-90-OHI 8'L8 9'l8  G0-/6-VD
‘pauoddns
oulwog 1/1-90-OHr 1'90S G'90S G0-1/6-VD
"uoleIs)|E B)eUOq.eDd-Uol| Aydled “||Is OIs|e} Jedspiey pue zpenp oulwog 9/1-90-OHr 9'L6Y y'l6y  G0-16-VO
‘sjods uoinessye
oulwog G21-90-OHr L'v9¥ S99y  G0-L6-VO
oulwog 691-90-OHI L'€g€e 625 G0-L6-VD
"suibiew dieys ypm exAp o oujwoq 9G1-90-OHr £'e0l 1'€0L  S0-/6°VD
‘s1abuls apiydins
12207 "Mayd Aaib ‘44 Aa1b ‘e)joAyl ouAyde jo syjuswbel ‘moj} 8s1eod
papoddns xujew JeinBue -s)ipiquny JO 100 "Bl0981q d1se|oolAd/auo)si|jide] ouiwoQ G91-90-OHr 6'02¢ 1022 G0-16°VD
‘|I's d1s|e4 oulwog GG1-90-OHr §'80L G€'80L  S0-16°VO
's)se|o paziessuiw Jaddod
Alieoo) ‘sisejo padeys abuszo| 0} paney Yim papodns iseld “yni ljjide| oisje4 oujwoQ 651-90-OHI Z'161 16l G0-/6-VD
"JOBJU0D JenBau yim exAp onisapuy oujwoq 1G1-90-OHr 1291 GZ9L  S0-/6°VO
"4} lliide oisjo 4 oulwog 091-90-OHM ¥'861 2’86l G0-16-VO
‘oujwo( o}
llemjooy ajeipaww| ‘a)Ad Juepunge pue ajusjeyds ‘ejuAdoussie |e00T ‘S)se|o
Aueyo/eyjoAys (200 "4y I|ide] ois|e) You-iedspiey pue zpenb pazijessuiy oujwoq ¥81-90-OHr TY.S v.S|  S0-L6VO
ll's onjeseq [9Ag)
-YBIH "eyoled ‘sjopida ‘ajuo|yo ‘zuenb yum Apsow paly seinpBAWY “|iis onjeseq oulwog €91-90-OHr ¥'06¢ Z2'06C G0-16-VO
‘B ldey o_m_w“_ oulwo(g 191-90-OHr 404 8'00¢ G0-/6-VD
“aAp
Auejuawipas-UAg "sjuawipas Ojul Wo g-| sa0b uoiels)e pue AABM S| JOBJUOD
au} Agalaym sjuswipas Ol}Se|OIUED|OA YHM JOBJU0D Jamo] Jejnfall] ‘|iis dis|ed oulwog 8G1-90-OHr 8'0LL 9'0LL G0-16-VD
4Ny ysy oulwo(g Z91-90-OHr ¥'2s¢ 2'25C  G0-/6-VD
‘|IIs on|eseq [aA8)
-yBiH "eyoled ‘sjopide ‘sjuo|yd ‘Zuenb yum Apsow paly seinpbAwY “|lis onjeseq oulwog ¥91-90-OHI 9'¥6¢ y'¥6C G0-16-VO
‘oujwo( o}
llemjooy ajeipaww| ‘a)Ad Juepunge pue ajusjeyds ‘ejuAdoussie |e20T ‘S)se|o
Aueyo/eyjoAys (200 "4y Ijide| ois|e) you-iedspiey pue zpenb pazijessuiy oujwoq G81-90-OHr 1'€1S G'€lS  S0-L6°VO
"JOBJUOD Jomo| pauabulpsiul 0} 8np dlUBDJOAUAS $007 '||is dljeseq oulwog €G1-90-OHr L'y 6'€. G0-/6-VD
¢Hny oleiy Buesewoog ¥¥2-90-OHI 8'6G 9'6S ¥-96-V9O
s
[eA8l-ybiH "se1no8.q 10BjU00 ON “(8119[ed yum paly) [eplojepBAwy “||is onjeseq Buesswoog 902-90-OHr GE'L92 1’292 12-50-VO
"auojsy|is Auayo Aaib pauleiB-auly Alop Buesswoog £12-90-OHr R4 L'¥9Y  12-G0-VD
"olAyd sedsplaj-zuenp ‘sise|o ay||ibie upm gy ois|a) paulelb-auld Buesewoog G12-90-OHr geeey L'¢ey  12-G0-VO
“inoybnouy) Buturea-zuenp “ayibie onydesh pue opuLojYod Xoelg Buesswoog €12-90-OHr Z'€6¢ L'€6€  12-G0VO
"payoes|q/pa)|iyo SI eseq “eseq 8y}
Je uoljel|oy pasealoul ‘dieys aJe s}oejuo) “|lis ois|d) ouAyd-zpenb pue Jedspje4 Buesswoog 802-90-OHM 8162 9762  12-G0-VO
'S}0BjU09 dieys ‘|epiojepBAwy "umoiq wnipaw o} usaib-3ieq ‘||IIs dye Buesswoog 812-90-OHr 8'687 9687  12-G0-VO
"pantssaid Buippaq sul4 suoisyis/alibie oniydeld pue yny yse psppagisiul Buelswoog Z12-90-OHr 8Z.E G'Z.E 1260V
[ uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

110



J.G. HINCHEY

‘aoueleadde snosoeyny ouAyd aAs-zuenb ‘paulesb-suly e seH “ajualeyy] IH A1Buny 8¥2-/0-DHF 2971 9L ZL-96-HH -

'SnosdI|IS *(¢,)uoneuwo) uol| puod eAnInD SE€L-90-OHr so€lL 9¢cl -S9O

"sauoz you-ajuAdoojeyd pue sjusieyds pue Buippaq yim apiydins sAissepy puod anIn) 9€1-90-OHr 6'1¢C L'¥2 Z-S9
"SJUBWIPaS D1}SE[OIUED|OA

UHM paxiw [euajewl snosdeyny Yim jiun paxijy ‘|[emjoo) wol jiny ois|s4 puod aAInD L€1-90-OHr L'v€ Sve -S9O
‘a)Ad pajeulwassip

%\ UBU} SSB] Yypm noyBnolyy payiollis “ynj disiey oukyd-sedspiey pue zpenp puod anIny ¥€1-90-OHr 44 14 Z-S9

"Jn} 1idej orsje4 puod Jenio €¥¢-90-OHr Z'eel ¢6lL 10€6dO

"o%Ap ole puod Japlo Z¥¢-90-OHr 6'€6 1'€6  10-€6-dO

‘3 ais|ey ouhyd-zpenp puod Japlo L¥2-90-OHr 798 98 1L0-€6-d9

“Buiurea-zpenb yyum oyew pspueg puod sepin Z€1-90-OHr 196 G'96 6£0-20-d9

"J§N} OIS|9) paIB)[e BD||IS-8}0HDS ‘You-aAd puod sepiy 0€1-90-OHr S0'08 6',,. 6€0-20-dO

"oxAp oy puod sepin 6Z1-90-OHI 44 0Z 6€0-¢0-d9

"8U0Z pazi[essul| - 4N} dis|e} payioljis ‘You-aiAd ‘Bupjoo| pajon puod sepin LE€L-90-OHr Z'L6 6°06 6£0-20-d9
a)Ad

PSIBUILIBSSIP % £-Z UNM Jn} DIS|) (9}10118s-EDI|IS) pad)je paulelb-ssieo) puod sepi €€1-90-OHr S¥'00L G2'00L| 6£0-¢0-dO

"SO|UED|OA DIS|9} BUINISSOIO SUIBA 8)eUOGIED-ZMEND puod sepin 901-90-OHr €'/G /G 8€0-¢0-d9

“(34n3) 01UBD|OA DIS|B} PBIIOIIS/PAZINOLES puod sepin #01-90-OHI 6ty L'€v 8€0-20-d9

"pojel|o} AIBuosS “(3n3) OIUBDJOA DIS|S) pEziIoLaS AJap puod sepi €01-90-OHr 1'0¢ G8'6lL 8€0-20-dO

"SOJUBD|OA OIS|84 BUMNISSO0IO SUIBA 8}BUOGIED-ZMEND puod sepin 201-90-OHr 189 8'/G 8€0-¢0-d9
(%02-5) owAd

uleA/pajeulassIp pue BuluieA sjeuoqied-zpenb Bursoy dIUEDJOA Sjelpawialu] puod sepin S0L-90-OHr SL'GS 6'7G 8€0-20-d9

"ooueseadde papueq e yjm OJUBD|OA OYEN puod sepi 801-90-OHr L'€9 G'€9 8€0-20-d9
‘you-jelsAio ‘ayibie

Jo sisejo dn-du ‘sjuswibely azis |||ide| you-redspjay AaiB-ajym ypm yny oisjo- oulwog L/1-90-OHr 9'66€ 7’66 G0-L6-VO
‘[lembuibuey

djelpawiw| "uoneld)e SjAd pue ajoLBs SsUSIUI YN} OIS|S) Jedsple) pUe ZPEND oulwog Z81-90-OHr S9'¥SG S'¥GS  G0-L6-VD

"9}uAd Juepunge yum ynj yse pauleib-sui4 oulwog 181-90-OHr S'8¥S Z'8¥S  G0-L6°VO

‘llemBuibuey wouy yny o1s|a} pazilAd oulwog 081-90-OHI €'9€S 6'G€S  G0-L6-VO
‘spueq ayo1as Areay yym uoness)e alAd

pue s)oLds asusjul 0} djeldpow ‘syshioousyd Jedspay-zpenb ‘yny 1jjide) olsje4 oulwog 6.1-90-OHI 6'1€S L'LES  G0-L6-VD

"sjuswiBely Jejnbue yum papoddns jselg “auojsijjide| oukyd tedspjaj-zpeno oulwog 891-90-OHI Z'Sve S¥€  G0-L6-VO
‘s1abus ayIAd [eo0| pue uoiels)e

8)1oes Buong sise|o [eoo] ypm ouAyd-iedspiey pue zuenp “yny Ijidej ois|e4 oulwog 981-90-OHr 2’509 G09 G0-1/6-VD
‘s1abulis ajuAd pue uonelsye

ajoues Buosg “siselo [eo0] yum ouAyd Jedspiay-zuenp “yny 1idej oisje- oulwog /81-90-OHr 2'€e9 €29 G0-L6°VD
‘sg|npou a)llAd |eD07 "aseqgelp jsoulje ‘ain)xa)

Jaddad pue jjes e yum pauresB-wnipsw ‘suibiew pajjiyd pooo ‘|iIs dye oulwog 991-90-OHr 9'Gle ¥'GLE  G0-L6-VD
‘a)joyliAd-a1Ad Jo siebuuys

Jouiw pue sjuAd pejeuiwsssiq ‘syshioousyd asejoolbeld yum |is onisapuy oulwog /91-90-OHr 1'8€€ G'8€€  G0-L6-VD
‘sjods uolnjels)e

@jeuoqsed-uol| ‘ssjepbAwe zpenb yym Aihydiod sedspla “|iis onisepuy oulwog ¥/21-90-OHI 6'9v¥ L'9%y  G0-L6-VD

"sjods 83110]yo [e20] ‘lepiojepBAWE ‘|is dyely oulwog 041-90-OHr Z'¥9€ ¥9€  G0-L6-VO

‘N oIs|a4 oulwog Z/1-90-OHr 8'ecy 9'€Zy  G0-L6-VDO
'sjods uonjels)e

@jeuoqgJed-uol| ‘ssjepbAwe zpenb yym Aihydiod Jedspia- “|iis onisepuy oulwog €21-90-OHr A% 4% vy G0-16-VDO

uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

‘aliAdoojeyo F awiAd

pue uoleJa)je d}I0JYD ¥IE(q Juepunge yum ajijoAyl pajerooaiq pue pazijesauliy ¥2-20-OHr G/'S0€ 9'G0€  2¢-86-HH

‘Jleseq [epiojepbAwe sjeuoqled pue ouAyde ‘usaib-wnipaw ‘SAISSe S¥2-L0-OHI %4 'Ll 22-86-HH

"Sj0ds 8}|018S puE 8}I0JYd Yym Jnojybnouyy ouAyd-zpenp epjoAyl saissepy lH A1buny Z¥2Z-L0-OHr z9le 9L€  ZZ-86-HH
‘suoleulwe| auolsy|is/axoemAalb Jo SuolOas swos

Suleju0D Hun "sise| sjluAd-anissew pue sj|jibie ‘e)joAys yim e1ooalq olypiklod AiBuny €¥2-L0-OHI 1'9/€ G'9/€  2Z-86-HH

"InoByno.y) uoneoiollis syesepol “ejoAyl oukyd eAs-zuenb ‘AeiB-ussib Jybiq Aibuny 9€2-20-OHr ¥IEl Z'l€l  22Z-86-HH

"ajuBIBUH| UMOIG-IYOI Aibuny 1€2-L0-OHr 206l 06l  22-86-HH
‘pauoddns jse[o ‘pauos Aluood “8yljjibJe pue dluBed|oA dljew ‘8)IjoAyl

4O sise|D "sise|o apIydins SAISSEW UOLI-|B}SW-9SE] UM BI008I] OIUN[0J8}eH Aibuny 8€Z-L0-OHI 9612 ¥'6LZ  2¢-86-HH
Xujew ay} ul

AibunH 0¥2-L0-OHr 6'962 1’962 22-86-HH

AibunH ¥¥2-10-OHI 2'66¢ G6E  ZZ-86-HH

“Ayde.Biesns |iiH A1BunH jo [eo1dA} e10081q dly|0I8}eH Aibuny 6€2-L0-OHr 1022 9'02Z  2¢-86-HH
‘uoljelalje alllo|yd |ed07 .50:@30._5

uojjelayje a)1oas-eol|IS 8)lj0Ayl ouAyd aha-zyenb ‘usaib-Aalb Jyb| ‘enissely 0£2-20-DHIC 1101 G'LOL 81-86-HH

‘s1ebuLs apiydins/e3io|yo ypm erooaiq oniloAys olypiAjod use.b-AeB-jybi] ¥€2-20-OHI 2982 982  81-86-HH
-a}1||1BJe pue sOJUBD|OA 2IS|9} JO S)Se|o papunos Buluiejuod

xujew Aiejuswipas/exoemialb e ypm 3oos AsiB-y1ep wnipapy “oHusIeyl ltH A1BunH GE€Z-L0-OHr L'€ee G'€€e  81-86-HH
‘Jlun 8y} JO aseq ay} pJemo} Juajuod ajlAd ul asealoul Jybils e 99

(s|eyshio sedspyey Joye uonelsyje) sjods 8}u0jyd yim ayjoAyl ouAyd ake-zuenp lH A1buny €€2-20-OHr 9'€92 €92  81-86-HH
"X1JJew 8y} Ul SINd20 8)101es

-9)euoqgued-ajliolyQ “ajjoAyl Jo pasodwoo ale sise|o JSO|N "ero0a1q OliloAuY 'H A1BunH 2€2-,0-OHr 1’651 G'6GL  81-86-HH
‘sainjoel} 8y ul Buljy 8jeuoqied-zyenb yjm sainixa) eiooauq dljse|ooleiy

she|dsip AjjeooT "|i1s oyew [epjojepBAwe sjeuoqgled-zyenb ‘SAISSEN lH A1buny 1€2-L0-OHr vzl Z2LL  81-86-HH

"9H|0Ays paxodads a0y ‘ouAyd ahe-zpenp II'H A1Buny 122-L0-OHr G'1G €16 9l-/6-HH

"so|epBAwe paj|i} 9}eUOGIED UIM [IIS Dle\ 022-L0-OHr 9€e '€ 91-16-HH

"8)l|0Ays olAYd 8ha-zpenb aaissely T2Z-10-OHr g'ezl 9'€cl  91-26-HH

"8)ljoAys ouAyd-zpenb e ur syihdoojeyo-eysieyds sebug €22-10-OHr L6yl G'6¥l  91-26-HH
“a)uusjeyds jo sdsim yym ajuAd anissew Apsoly “|eyuswbely onijolalay

€ ulypm ajuAdoojeyo Jouiw yum ejhd-sejeyds oAISSEW-IWLSS 0} SAISSE l'H A1BunH ¥22-L0-OHr €69l 259l 91-26-HH
Xuyew ay}

ut a)Adoojeyo pue sjAd Adsim 0} [BIISIBJUL YIIM BIODBI] MOJ4-SHGSP OH|0I8}oH IiH A1Buny G22-L0-OHr 1’811 68/l 91-/6-HH

‘syuswibely |lews (007 "sapiydins Jobulys ypm gy oisjay ouAyd ake-zpenp l'H A1BunH 922-10-OHr ¥ ¥61 Z¥6L  91-16-HH
‘uoljels}je ajeuoqed
-2JI0[yo pasealoul Yym apiydins pasealou| ‘sjselo pue sdsim ajiAdoojeyo

-ojusjeyds-ajuAd yum moy sligep eyuswbely pautelb-asi1eod Aten ‘pazijessuiy ltH A1BunH 122-L0-OHr zole 91z 9l-/6-HH
“a}ljoAys/yny ouAyd-zpenb ale syuswbely

9y} JO 1SON “|ejuswbel) pazijelaulw-uou ‘snoadljis paulelb-asieod Alap IH A1Buny 822-,0-DHI 2152 /G2 91-16-HH

3N} llde| oyew-oyeIpawIBiu| 622-20-OHr 9'882 ¥'88Z  91-16-HH

"Ny sjeipswsiul-ois|d) ouAyd ahe-zpenp 612-L0-OHr 44 2l 91-/6-HH

‘a}l|oAyd oLIAYd aAs-zyenb Aalb 0) usalb-ylep snosuabowoy pue aAISSe|N 9%2-20-DHC gy ez ZL-96-HH
"Xjew ay} ul

s|ejsAio zpenb pue sysejo pazuiolyo ouAyd ahs-zyenb ypm e10091q o|0I8}eH liH A1buny 1¥2-10-OHr 128l GZEL  T1-96-HH

uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

112



J.G. HINCHEY

"811I0|YD [BwWIaY10IpAH
"sjse|0 olyuelB SuIBUO) ¢ Bl0d8lq JNE}Y B IO ¢ BI008I] MOJ) SSEW & aYl|

S3007 "XHjew sy} ul sake-zuenb pue s31u0jyd yim [eluswbely pauieib-asieod puod sxoer 650-20-OHI 9vilL v'vLL L0-¥6-dr
“MIOMYO0)S
9]1I0Jyod Ag ulepapun "suidA zuenb ul ayuAdoojeyd Joulpy “auAd aAIssew-lwaS puod syoer 1G0-20-DOHI 1°091L 091 8¢-dr
"sJobuliys ajAd ajeds-wi yum yny ois|a) patajje e puod sxoer ¥¥0-L0-OHI G9'€e Gr'ee 8e-dr
"}yn} OIs|9) pats)je oy puod sxoer G¥0-20-OHr 6'GY 1Sy 8¢-dr
pamolid "suldjed uolels)je Je[NOJIO UM DIUED|OA DIS|9) pals)e e puod sxoer 9¥0-20-OHr 129 G'Z9 8e-dr
"}yn} OIs|9} palta)je 8)Iolag puod sxoer L¥0-L0-OHr 119 G'/9 8e-dr
"24}U0 By} p1eMO} sjeubew pasealoul ‘sjejuod Pa|IIyY *|iIs/ANAp eseqelq puod sxoer 8¥0-20-OHI G9'86 G'86 8¢-dr
‘uoziioy apiydins
SAISSEW-WaS B dA0ge Aj@jeipaluwl] "4} ois|a} pass)je apiydins-aioyd puod sxoer 050-20-OHr G'/Gl GZ'/S) 8e-dr
"o)iAd BAISSBW-|WSS MO|a] J4N) DIS|9) PaIS)|e 8}IOLIBS-BII0|YD puod sxoer 2S0-20-OHr 8'0LL 901 8¢-dr
“J§N} DIS|9) POIS)|E S}IO|YO-8)|01ISS-EII|IS puod sxoer €G0-20-OHr ¥'261 zz6l 8¢-dr
"N} OIs|8) pass)|e SjuAd-e}oLES-BOIIIS puod sxoer 6¥0-20-OHI 9ChL a4 8e-dr
‘Jnoybnouy} siabuius ayuhd
"auoispnw snosayuAd paiollis paulelB-aul Yim ynj OIs|d) payiollis pajeledssiu| puod sxoer 190-20-OHr €169 €969 0e-dr
"sJobuliys S31uAd 8BIS-WD Y)IM OIUBD|OA DIS|8) POYIOIIS AIBA puod sxoer 990-20-OHr £le X 0e-dr
"Pa|IIyD SI J0BJU0D
Jomo] ‘|euonepelt si Joejuod Jaddn “iis o1sja onuAydiod sedspley-zpend puod sxoer G90-L0-OHr L6l G'6l oe-dr
“yn} o119y ouAyd ahs-zenb payiollis Ajpsusjuj puod sxoer #90-20-OHI Ll 89l oe-dr
‘sojepbAwe pay|y zpenp “suibiew pa|yD “Ap [eplojepbAwe oyepy puod sxoer €90-20-OHr z9 9 0e-dr
"sjods 8)LIoJyd Yim 4} OIS|d) paus)e edl|is-a)Ioleg puod sxoer 6€0-L0-OHI ¥'262 262 6¢-dr
"eus|eb F ajusjeyds yum yn} ois|e} passyje apiAd-aiolyd puod sxoer 1€0-20-OHr 1’892 G'892 62-dr
}§N} OIS|9) paZIoLSS Ajsusiul Ul UIdA pazijelaujw eudjeb-sjueeyds puod sxoer €¥0-20-OHr LLve 6'07¢ 62-dr
"Bunsniyy Joy souspiAg sdis [[ews Ag pejeuiwia} Buipueq 3upAsniyyp|od puod sxoer Zv0-20-OHr z62e 1'62¢ 62-dr
"suoneulwassIp pue siabulys sjlIAd yum yny os|a) palsye 8)IoLeg puod sxoer 0¥0-L0-OHr 1,62 6'962 62-dr
‘SUIBA mumcoemo-Ntms_u
pue (syusjeyds -/+ eusjeB-sjuAd) apiydins-e3uojyd Yim Jny oIs|s) pazijessuiy puod sxoer 8€0-20-OHI ¥'282 2282 62-dr
"N} [e3sAIo 0} yse oIs|ey pausyie apAd-eol|is-a)oles puod sxoer 920-20-OHr (17 6vv 62-dr
‘siobuls
8)llAd 8jeuoqued 0} anp UOIEINO|0D Yuld “}n} JIs|d) pats)je sjuAd-ajeuoqled puod sxoer }#0-20-OHr ¥'¥0€ 70€ 62-dr
}yN} Is|9) pats)je S}1IAd-8}1I0|yo-8)oLBs-.DI|IS puod sxoer 9€0-20-OHr z122 122 62-dr
‘uonelsyje ayuAd
pajeuILasSSIP-eollIS-8)0LaS Yim patsjie Ajasuaiul yny [e3sAio o} yse oisjed puod sxoer €20-L0-OHr S6'El GLel 62-dr
"N} |eysAio o) yse oIs|oy pausyje ajAd-eol|is-e)oles puod sxoer G20-L0-OHr g9 €9¢ 62-dr
"N} [eysAio 0} yse OIs|o) pausy|e d}IoUes-8)olyD puod sxoer 120-20-OHr ¥'G9 ) 6¢-dr
“J§N} DIS|9) PAYIINIS puod sxoer 820-20-OHr z's8 G8 62-dr
"s1oBuLs apIydins Jouiw Yjim Jn} DIS|d) paId}e SHoLSs-eollIS puod sxoer 620-L0-OHr 8'¢6 9'¢6 62-dr
"} OIS|9) pala)|e B}I0|YD-0}I0lBS puod sxoer 0€0-20-OHr zeel 44" 62-dr
“Jn} o1s[a) passy|e ajuAd-ao|yo Apeapn puod sxoer Z€0-20-OHr L'evl GEvl 62-dr
¢Jedsp|sy Buroeldai sjods ejeuoqgue) "sjejuod pa|iiyd ‘|IIs e puod sxoer €€0-20-OHr 1'991 G99 62-dr
"9JUAd pojeuIWSSSIP UM YNy OIS|8) paId}e S}I0|yo-8}I0Las-EDI|IS puod sxoer ¥€0-L0-OHI 2’86l 861 6¢-dr
"SUloA 8)euogJed-zuenb yim yn} OIs|a) paus)e eol|is-a)IoleS puod sxoer G€0-L0-OHr 6'.12 1112 62-dr
BN} OIs|9} pass)|e ajuAd-ooLeS puod sxoer 1€0-20-OHr glel LLeL 62-dr
"3} ||eysAu0 0} YSE OIS|S) peus)e ‘S}|01SS JoUI UiM ‘payollis Ajasusiul puod sxoer ¥20-20-OHr Tz 1z 62-dr
uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

113



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

‘Inoybnouyy ajAd Jo siejulen pue suoneulwassiq “yse o} syjjibie onydels Y00.g s}ongeoy 1L00-20-OHI 8Z¢ 9ze  10-96-8Y
"e1o0a1q Arejuswipag “sjuswbely yny ois|s) Juepunge ypm ayjibie onydel o01g $3onge0y LLO-20-OHP Gl 8yl  20-L0-gd
"sisepo ay|ibae ynm yny Jjjide) oisjed 00.g s}ongeoy Z10-20-OHr 6Gl LGl 20-L0-8Y
"auo}sy|is/exoemialb pautelB-aul payiols %00.g s}ongeoy €10-2L0-OHr 96l ¥'6L  20-10-8Y
Jnoybnouy}
8juAd pajeulwassiq "sise|o d1ued|oA Ois|a) pauleB-auy yum syjjibie onydeso o019 $3onge0y #10-20-OHI 9'92 ¥'9¢  20-.0-gd
“Jn} sjelpawusiul ouAYd-zpenb ‘paurelBb-aul yo0ug $3ongeoy G10-20-OHr ey 9'ey 20-L0-gd
(&S “yny eyshio oyew o) yse paurelb-auld 3001g SYONQaoy 910-20-OHM €S 8¢S c0-l0-gd
"snoausabowoy Alre} ‘oxAp oyew ouAyd asejooibe|d 300.1g SYoNQa0y 210-L0-OHP 9'v9 ¥'¥9  20-10-gd
‘Buiuten eyeuoqgued ojjoeyd “yny sjelpswnsiul oLAyd-zyenp 3001g SYoNQaoy 120-L0-OHr y'eel Z'eel  20-10-9d
“Jny [e)sAu0 0} yse JuelN 00.g s}ongeoy 220-L0-OHr 9'e9l ¥'€9L  Z0-10-9d
‘(eus|eb -/+ ayukd-ayiAdoojeyo-aus|eyds) sielow-aseq Jo siabuys
40 Junowe juedyiubls "y} oisjey ouAyd-zpenb paisyie epiydins-ejoLas-zuend o01g $3onge0y 810-20-OHI 128 G'z8 zo-l0-gd
‘lejuswbel-opnasd Y00.g s}ongeoy 610-20-OHr ¥'G6 266 20-10-9Y
"sise|o ouAyd-zpenb Jouiw ypm 4} [e3sAIo 0} yse ejelpswlaill %00.g s}ongeoy 020-20-OHr 9’501 ¥'G0L  Z0-10-9d
SIA puod sAqqog 981-20-OHl g'cel €Z¢l | 20-G0-VOW
SIWA puod sAqqog G81-L0-OHr L'6LL G6LL 20-G0-VOW
HuN "uonels)je B)IOLSS JUBPUNQY YN} Dis|9} pausyie oukyd sedspjas-zpeny puod sxoer 110-L0-OHM 10¢€ ¥6Z  vi-/6-dr
‘moy} e Alqissod Jo
IS O11|0AYJ BAISSE|N "01UBD|OA 21|83} AYd-Zuenb snosuasbowoy pue aAIsse| puod syoer 9/0-20-DHIC 1'€81 G'egl y1-26-dl
‘spnw snoJajailAd (v0€£)60
BU} Yim uozioy SAlI|eYxd 8y} MOJdq WoJ Jny OIS|9) pais)je 8)liojlyd puod sAyjen G10-L0-OHM 8's0L 960l -G6-dr
‘eoljis (vog€)60
BAI[eYx® paulelb-aul yum suojspnw snosayiAd pauresB-suy pajelesssiu puod sAyyed ¥10-20-OHI 16 8'06 -G6-dr
"}y oIs|9} ‘pausyje eollis pue sjouss ‘oukyd sedspiey pue zpenb pauiesb-suly puod sAyjed €10-L0-OHM ocl 8'6cL  L0-¥6-dr
‘3 oisjey oUAyd ehe-zuenb paisyje s)oLas-e9I|IS puod sAyjen 890-20-OHM St 6y L0-¥6-dr
‘XLljew 8y} ul seke-zyenb a|eos-ww juepunqy "sjselo
paziouss paulelb-suly 8Bos-wWo juepunge yum g jjjide| ois|a) paisjje 8joues puod sAylen 690-20-OHr €l 82.  L0-v6-dr
1noybnouyy
sjods ajeuoque ouAyd Jedspja) pue zuenp “ynj 0Is|d} patsjje eol|is-e}oLas puod sAyjen 040-L0-OHP 6'8L 18,  L0-¥6-dr
puod sAyjlen 210-L0-OHr 8Ll LTV L0-¥6-dr
"a)Ad pajeulwassiq -olued|OA dis|e) Bujoo| aaissew ‘oliyAd sedspley-zyen puod sAyjen 120-L0-OHr g'col €20L  L0-¥6-dr
"}§n} 1s|94 |eysAI0 0} yse pausyle djIoHes-8)o|yD puod s)oer 090-20-OHP £'88¢ 1882 L0-¥6-dl
"MO[} SSew uey} Jayjel e1odaug }ney e s jun
1y} s}sebbing ¢anisniul $YoNnqeoy Jo ped sdeyiad "e1o09.q Ul Isejo opiuel9 puod sxoer 190-2L0-OHr 8Ll 9L/l L0-¥6-dl
"paiolIS “aY|0Aus anissew dlAyde ‘Aalb ‘pautesB-auly puod sxoer $G0-L0-OHP 6,1 L1 L0-¥6-dl
"XHjeW Ul $1nd00 8jAd “ejjoAys psjerooaiq payiolis puod s)oer GG0-L0-OHP §'6S €'GS L0-¥6-dl
"safe-z1enb J01181 Yum xuew onouss Aisp gy e oisiey [ejuswbe.y puod sxoer 9G0-20-OHr G601 €60l  LO-¥6-dr
‘sjuswbely snoadl|is AaiB yym e10091q 21ISEJ|IUBD|OA paulelB-asieo) puod syoer 1G0-20-DHr 8Ll ym L0-¥6-dl
'sjods
8jeuoqJed juepunqy “ynj ois|e} [eyshio o} yse ouAyd she-zuenb paisye sjuolyd puod sxoer 8G0-20-OHI z191 191 10-¥6-dr
¢MOl} o1oAuy ¢01ued|oA dis|ey paulelB-auy paylollS puod sxoer 290-L0-OHI L'1Y€ G/¥E  LO-¥6-dr
uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

114



J.G. HINCHEY

"BH|0AYd h
ouAyd-zuenb aie sjuswbel ‘|eluawbely ois|a) oWAYd-zuenb pazijessuly 670-90-DHI 188 G'88 202-1 —
"01UBD|OA DIS|9} PBIIOIIS/PAZINOLES 1¥0-90-OHr 90 70 202-L
‘uoljels}|e a}I0LI8s B0 UY)IM UOIJedIIdIIS "auoz
MIOMO0}S - B)1|0AYs duAyd-zpenD “eyj0Ays Ul juAd Jebulys/pajeulwsssiq L¥0-90-OHI 108 G0¢ 161-1
"8U0Z Y10M3400}s au) mojag “a)joAyl olAyd-zuenb payiolis Alop Z¥0-90-OHr G'9¢ 2'9¢ 161-1
‘uoljela)|e ayoLI8s |B20| Yjm Jnoybnoly}
&Ny [eyshio e Ajqissod ¢ ayj0Ayl onsAioousyd Jedspiey pue zuend €%0-90-OHr 1'0S 6'6¥ 161-1
-apuAdoojeyo Jouip JnoyBnoiyy payy "you 1|idey ‘yny o1sje4 SYINL BIPPIN 0£0-90-OHr 8'0.L G'0. 611
"anIsse|N “aMdAp olyew payoes|q e A|qIssOd "OIUED|OA Sjelpawlaiul pauleB-aul SYINL BIPPIN 690-90-OHr 9Ly v'ly ¥6L-1
‘Jlun 8y} Jo aseq ay}
psemoy [eplojepbAwe zpenp "0juedjoA dyew/sjelpawiaiul ouAyd esejooibeld SHINL BIPPIN 890-90-OHr Ll L9l ¥61-1
"} OIs|9} OLYIA paulelb-auld H sMInL 950-90-OHr 8. 9/ 26l-L
"PaYII|IS ‘0UBDIOA DIS|84 OlAYd-Iedspls) pue zuenp IH syInL /G0-90-OHI L'l G/l z6L-1
‘a)1ajeyds pue ayuAdoojeyo Jassa| yim auAd Jo isisuod sapiyding
‘|eyuswBey Jedspiaj-zpenb e si3soH “apiydins (A||eoluojos)) papueq aAISsel H sMInL 850-90-OHr 1’62 6'82 26l-L
¢MO}4 J0 ||Is ‘paulelB-suy ‘pajel|o) ‘UsaIB-Aalb wnips|y o1uedjoA Jle IIH sYInL 650-90-OHI 1'9¢ G'o¢ z6L-1
¢MOJ} 10 [|Is ‘pautelB-suy ‘pajel|o} ‘Ussib-Aa16 wnipa|y ~oluedjoA dye I'H SMINL 090-90-OHr 6'69 169 Z61-L
"9)|0Ays usaIB-Aa1B BAISSEW ‘paIS)E B)IOIYD puod spuepaying 891-,0-OHr 1'89¢ 6'29¢  10-L0-NS
¢ONI0AY paLIAap o)yNIaYdS “|ejusiel) ols|o- puod spuepaying 6GL-L0-OHr 8'8S 98G5  10-10-NS
"ajljoAys ouAydy puod spuepsying 8G1-/0-OHI 6'1¢C L'vZ  10-10-NS
“J§N} SjeIpawIs)ul pals)je eojw usaib-sjeuoqied puod spuepaying 191-20-OHr z' .01 /0L 10-10-NS
“premumop Bujuy st Hun “ynj sjelpawlsiul ouAyd Jedsple4 puod spuepaying 09}-20-OHr 1.6 696 10-10-NS
‘(eyuAdoojeyo F ajusjeyds-eus|eb-ayuAd) xuyew sy} ur sapiydins |eyow
-9SE( UIBJUOD SUONOSS SWOS "XHjEW ORLOIYD udaIb sieq "erooaiq onlloAuy puod spuepaying 191-20-OHr 8'862 9'86Z  1L0-10-NS
"uonels}je SJLIO0JYD YN} OIs|e) usaIB-Aaib paulelB-aul4 puod spuepaying 991-,0-OHr 192 8992  10-1L0-NS
") DIs|8) PRI puod spuepaying G9L-L0-OHr 8€C 8/€2  10-L0-NS
"XUjeWw ORLIoIyd Xoe|q
€ ulypm sjuswbely opjoAyl snosolis Ae19 “elooeiq opljoAys ‘paulelb-esieod puod spuepaying ¥91-20-OHI 10z 6622 1L0-10-NS
"3y lllide| ois|a} pala)je 8)euoqIeo-aIo|yd puod spuepaying €91-,0-OHr G'08l €08l 10-L0-NS
4N} llide| ejelpawlalul paia}e 8)euoqed-a}io|yo-edl|is puod spuepaying 291-20-OHr €zl 1'2ZL 10-1L0-NS
"3} [eysAuo 0} yse oIs|ay pazio|yd 00.g S3ongaoy 200-20-OHr 69 889  10-96-9Y
"s1ebulls [eJow-aseq yum yny oisiey oliAyd ahs-zpenb passye sjoues-e0l|IS ¥oo.g s3ongaoy 900-L0-OHr L1l L'ZLL 10-96-GY
‘Jnoybnouy) pajeulwassip
aoyuAd pue ajuAd Joujw ‘sised snodl|iS “|eyuswbely o1s[e) you-aibly yooug $3ongeoy 600-20-OHI 6Lyl 8'l¥l  10-96-9d
"eouanbes piemdn Buiuy e jo aseq ‘ynj ||ide| disje4 00.g $30Ngeoy 800-20-OHI 6621 1621 10-96-9Y
"9ousnbas piemdn Buiuig yny 1jjidel-jeyshio oisje 3oo.g s3ongaoy 100-L0-OHr z8zl 8zl 10-96-ad
1noybnouy)
Buiurea syeuoques onjoey) gy [ejsAio o} yse oyew usalb paurelb-suly yoo0ig $3ongeoy 010-20-OHI 61l Z6vl  10-96-9d
2)IAdoojeyo |e207 "UoljeIS)R 8}I01ISS-BII|IS 9SUBU|
(eyusjeyds Apsow) siebulys |ejow-aseq ypm ynj o1s|s) ouAyd ake-zueng ¥oo.g S3ongaoy G00-L0-OHr 60LL 80k} -96-9Y
‘inoybnoJy) syajuteA sjeuoque) axAp oyew ouAyd-redspied 0019 $3onge0y #00-20-OHI 1.8 G'/8 10-96-9d
*SJOBJUO0D JOMO|
pue saddn dieys -Buiuien eyeuoqued pue sjods 8jI0JyY JUBPUNQY ‘|IIS dljeseq 00.g s3ongeoy €00-20-OHr 6'S. 1S, 10-96-9Y
uyduoseg [ Auadolg wnNa|dwes w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

‘a)uAd pazi||eysAioal Jeinuelbinba aAIssew Se ||[9M SB Suoleulw|SSap

9SJB09 SB SIN220 djAd “auAd Jabuuys yum yny ais|ay ouAyd ahs zuenp jseg sy Nl /10-90-DHr €'8/¢ 8/¢  €0-66-3L

"9U0Z 910 MO[aq WO} JjNn} DIS|9) PZIIOIUD jse3 syinL 810-90-OHr 1'08¢ 6'6/¢ £0-66-3L

JlemBuibuey ‘yny oIs|s) pozRIoLeS jse3 syinL Z10-90-OHr ave 8'G¥e  £0-66-3L
‘s1abuliys snoal|is pue a)lIAd Juepunqy "8)oLIes Ag pajeulwop

S| uolesd)|y "pajel|o} ABUOL}S "aUOZ 810 By} 0} SUIOMYO0)S "4} |llide| Ois|o 4 jseq syinL 900-90-OHr 1'9G% 995y L0-¥6-3L

J)se3 sy je yny oisje4 pue ayjiib.e opydeld Jo Joeuo) H sAINL 190-90-OHr 1'88¢ 6'/8¢  1L0-¥6-3L
MO} 0Ayd e AjaAjeussy)y “yn) anoge ayy

Unm joeju0d dieys A1y -aaissew pue noybnoly) sake zuenb anig “yny oisjo4 }se3q syinL 100-90-OHr G.'09% 9097  L0-¥6-3L
‘X1jew eol|is %01 ‘9)JAd auljeisAio 8s1e0d yim pazi|eysAioal

Sl 810 'spueq ajusjeyds pue 8}luIAdodjeyd JoUI "8U0Z-0 "810 JlLIAd BAISSEIN seg synL #00-90-OHr Ll 6'cly  1L0-¥6-3IL
"21uAd [eo0| ‘Inoybnouy) uoneisye

8juo|yQ "seoe|d ul aseqelp 8| SY00] ‘sMmoj|id OU ‘dAISSEW OlUED|OA Dl }se3q syinL 100-90-OHr Gl'1.2 9’1z  10-¥6-3L
a)usleyds pue ajlAd Adsim pue pajeulwassiq ‘seks zuenb anigq yim

sjuswiBely OIYH|OUO|\ “UOKEIS)E BYIOIYD PUE BHOMSS Bsuslu| “Yyn} I|lide] oIs|o- jse3 syinL G00-90-OHr 6Ly 6y 10-¥6-3L
‘a}iyoslAd pue aylAd Jabuls suieyuo) “yny e yym

1oeju00 Jaddn dieys Aiap ¢moly onijoAyl oukyd ahe zpenb ‘anisse “8)l0AYY jseg synL 800-90-OHI z6v L'16%  10-¥6-3L
"JOBJUOD [eseq paleays “oyi| [lIs/oMAp

pue aAissew A1gA "INojod Ul 8b1eg "Uoels)|e SJEUOGIED U}M OUBD|OA OB }seq syinL 200-90-OHr £'8€€ z'8ee  L0-¥6-3L
'210 8A0QE }IoMY20)S ‘sapiydins

Jabups Juepunqy (%01) sehs zuenb anjq Juepunqy “ynj ijjide] d1s[o jseg synL €00-90-OHI Z'66¢ 1’86 10-¥6-3L

“opj0Ayd ouAyd-zpenp I'H SMINL 1G0-90-OHr [oR4°] 4] zizL

“ajj0Ayl ouAyd eAe-zpenb paziuolyd [I'H sMInL 2S0-90-OHr G'80) z'80l Zle-L

(¢,9410AY1) olued|on dis|e} oLAyd ahe-zuenb paziuo|yo [I'H sMInL €G0-90-OHr Gocl €ocl zleL

“(an|bJe) Juswipas yoe|q payolis [l'H sAINL GS0-90-OHI €691 1’691 zlz-l
‘s}ojuien/siabuiys

apjoyuiAd pue sjuAd [eo07 "uoness)je sjoLes AnesH “ynj dis|ey ouAyd-zpen [I'H sMInL #50-90-OHr vyl Tyl zle-L
"pajel|o} [|am

“In0j0d Ul usaIB-A816 JyBIT “uoneIS} e B}I0JYD JOUIN “BHI0AYL PBZ)IOLIBS/PRYINIS l'H sAINL 6£0-90-OHI G'691 €691 G0z-1

‘Jnoybnouyy sjods (¢,8310[yd) >oe|q Jouiw pue sjshioousyd zpenp “oHjoAyY [I'H sMInL 0%0-90-OHr 1061 668 G0Z-1

‘uoljeud)|e 8)1oLas-eolIS dIAd JoUIL UM HI0MHOO)S DI0AYY IH sMINL 8€0-90-OHI 1’601 9'601) G0Z-1

"ajuAd pajeulwsssip Jouiw ‘ouAyd ahe-zuenp epjoAyl payiolis/pezIoIeS I'H SMInL 1€0-90-OHr 1'06 668 S0z-1
‘(1edspjaj-zyenb) [epiojepbAwy ‘sjoejuod Jamo| pue Jaddn

dieys ‘uonel|o} eAgesauUd “dMAp dneubew-uou ‘paulelB-aul4 "0lUED|OA OYEN II'H sMInL 9€0-90-OHr 1’9 8'G. G0Z-1

"B lliide) o1s|o 4 H sMInL G€0-90-OHr 99 869 S0Z-1

"ouAyd ahe-zpenb ‘paisye eoljis-a)oLss “Bj0AuY H sMInL 2€0-90-OHr 6'/¢ 11€ G0Z-1

"paJa)je 8jI0jy-eoIIS “aljoAyY H sMInL €€0-90-OHr L'6¥ v'6v G0Z-1

"9%Ap e ejedlpul sjoejuod dieys AJe/\ OlUED|OA Ol H sMInL #€0-90-OHI 99 7'9G G0Z-1

"uonezijesaulw s}uuAd Jouly “payiollis Ao “el0AYY H s)INL L£0-90-OHI 89/ A G0z-1

"U0ZIoY pazZI[eJauIW B} Wold “ynj dis|dy ouAyd-zpenb pezipuid H sdInL 8¥0-90-OHI 52 122 20z-L

“(¢8M10Ayl) o1uED|OA DIS|8) PaZILIOIYD H sMInL 050-90-OHr 1.6 6'96 202-L

‘|lembuibuey ay) woly s)joAys oAYd 8he-zpenp H sAINL #%0-90-OHI 8z 6,2 20z-1

"0|UBD|OA 218184 o1AYd 9he-zpenb paziuolyo H s)InL S¥0-90-OHI ZSY LGP 20z-1

de| ouAyd-zpenb yym gy jjide; oisjo 4 IH s3INL 9¥0-90-OHI 9'09 €09 20z-L

uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

116



J.G. HINCHEY

‘uolnjelsye
8jeuoqued asuaju| -ouAyd Jedspiay-zuenb ‘umoig-jybi “yny eeipswIsiul 1S9 SINL G80-90-OHr 112 v'12 0L-ML
‘I1s oyew ouAyd-tedspja4 oluedjoA Jle 1S9 SHINL 680-90-OHI 9/ a2/ 0L-ML
"Jjn} SjeIpawls)u| 1S9 SHINL #80-90-OHI v'6 z6 0L-ML
"8)1|0AyJ & 10 Y| "duAYd-ZHEND "DIUBD|OA DIS[O IS8\ SHINL G90-90-OHr €8/ 1’8/ 60-ML
‘Jn} o119 ouAyd zpenp 1S9 SINL €90-90-OHr S'9y 7' 60-ML
"0JUBD|OA BjeIpawJs)ul OuAyd esejoolbeld 1S9 SHINL #90-90-OHI 8'¢S 1'€S 60-ML
"pajelo}
Ajeyetapoly “|lIs/moj olued|oA eleipawlsiul ouAyd sseoolbeld pue zuenp 1SOM S)INL 290-90-OHr (8% 8'0¥ 60-ML
.wmcm_n_ co_Hm__otwomem_o Ul S}9|UIDA
a)uAdoojeyo-synoyliAd-ajuAd o, G-¢ (SyeIpawsiul O} OIS[D)) N} DIUH| PRYONIS 1S9 SHINL £90-90-OHI G'96 €96 60-ML
"uoleIB}E B)I0LBS “(¢,SjeIpawlsiul) Jn} Usy 1S9 SHINL 990-90-OHI z'88 88 60-ML
olueo|on ois|e} ouAyd eke-zuenb peziuolyo IS8 SHINL 160-90-OHI G.vS 9%S  10-20-ML
3N} o1s[94 ouAyd ake-zyenb ul jojuten syukdoussie/apiAd 1S9 SINL £60-90-OHI 1'€6 G'€6  10-20-ML
‘uoljelslje ajeuoqied
pue 8juoly9 ¢ aNsapue - yny [eyshio oukyd-zuenb usaib-yiep o} wnipsiy IS8 SHINL 060-90-OHI R4 S9'by  10-20-ML
(1)
SOIUBD|OA 21518} o1lAYd 8ha-zuenb uj 18|uien syiAdoojeyo-apoysiAd-ayuAdoussly 1SOM SYINL 260-90-DHr 1'L6 606 L0-20-M\L
'sug| apiyd|ns auoz-y ay}
aAoqe Ajgjelpawiw| "UOIBIS}E SJLIOJYD BI0W INg ZZ0-90-OHI Se swes “aHjoAuyy seg synL €20-90-OHr A4 8'1€Z  10-66-3L
SIS "10BJUOD J8MO| 8y} BAI8SO Jouued Ing Joejuod Jaddn em:w .Amu_._o_r_o
pue sjeuoqgled yum paj|ly) [eplojepbAwe Ajjeoo -ojuesjoa oyew pauleB-asuly jseg synL 020-90-OHr <Ll €Ll $0-66-3L
"810 BUOZ-Y "8)l4AdOdIeYD UM Bpiydins BAISSEIN iseg synL 920-90-OHr GEvST ZvsZ  10-66-3L
.ou_._?u pue edl|is _ou_._o_zo 18ss9| yiIm 50:@30._5
uonels)je ajeuoqled ‘abiaq o} umoiq JybIT “yny (SjeIpawlsiul) ORIsepUY jseg synL 120-90-OHr A4} vl $0-66-3L
‘?uoZ-yY ay}
9A0(Qe 8se( }e uoljelajje allojyd Joulw Yjim payidljis .:umn._oww._v wuw\foocmca
zpenb o,G1-01 “pelelo} Aibuoas “Inoybnoiyy ouAyd-zueny “eyjoAyy jseg synL 220-90-OHr 1122 G'/22 ¥0-66-3L
SIS "I8MO| 8y} 8AI8SqO jouued jng joeyuod Jaddn emr_w .Amu_ho_r_o
pue sjeuoqgled yum paj|ly) [eplojepbAwe Ajjeoo -ojuesjoa oyew pauiesB-suly seg synL 610-90-OHI Ll ZlL $0-66-3L
"810 8U0Z-Y "(8)4Ad) Bpiydins anisse|y jseg synL 120-90-OHr 2’852 86Z  $0-66-3L
"8)Ad %0¢ 03 dn yim HIoM300}S “Yn} OIs|} pazilAd/peniolyd jse3 synL 820-90-OHr 1’992 G992  +0-66-3L
"810 0} ||lemjo0d “yn} Ijjide| oIs|d} ut 8)Ad Joysyong jseg synL 0£0-90-OHr 1182 G'/82 ¥0-66-3L
"aXAp oIsapuy jseg synL 881-90-OHI ¥'82¢ z2'822 +0-66-3L
" 3I0MYO0]S [[eM]00S “4N} 1j)1de] OIS|8) paziIoLeS iseg synL 620-90-OHI G'8/2 €8/Z  10-66-3L
"810 BUOZ-Y "djl9(eyds Yim aplydins aAissey jse3 synL G20-90-OHr SL'L¥e vz $0-66-3L
"810 dUOZ-Y ‘(8}4Ad) apiydins aAisse|y jseg synL #20-90-OHI G9'/€2 G'/€2  +0-66-3L
"uonez||eJaulW BUOZ-Y 810 d}lIAd SAISSE|N ijseg synL #10-90-OHI 8'vSE 9'v5¢|  €0-66-3L
"Pap|o} pue payoles
usaq dAeY Yolym ‘ljjide| 8y} JO UOHEWIOOP SWaLIXT “JN} OIS|9) pala)y jse3 synL 910-90-OHr 8'9/¢ G'9/¢  €0-66-3L
.wgm_:_®>\w‘_®m:_bm
aoyAd pue apuAd [eo0 "uoneIB)E B)I01BS AABSH "IN} Ols|8) dLAYd-ZHEND jseg synL 600-90-OHI 6'vEe L'vee €0-66-3L
"y} ois|a4 ouAyd-zuenb i ule ¢eusieb F sjuAd iseg synL 010-90-OHr G'EYe ¢ebel  €0-66-3L
JlemBuibuey ‘yny ois|e) paziIoLBs/paZRLOIYD jse3 synL 110-90-OHr 8'vve 9¥¥e  €0-66-3L
‘uoljez||esaulw BUOZ-Y “Bjs|eyds Joulw ypum 210 sjAd sassey jseg synL €10-90-OHr 8'9¢ G9'¥9¢|  €0-66-3L
‘slabuiys ayuAd
Joulw surejuog "sepiydins suoz-y sy} mojaq Ajpoallq “Jn} oIs[e) pezioLes iseg synL G10-90-OHr 8'0.€ 9'0/£  €0-66-3L
uiduosaqg [ Auadoid [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

117



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

‘uoljels)le eol|is-a)oLIas seH ‘ajuAd

pajeulwsssIp %SG1-01 sey Ajjeoo| yun “yni-iide| o} yny ois|e) ouAyd ahe-zenp BUIA| BLOJIA G/1-20-OHr 122 8'92¢ LO-¥6-A

"J§n} Sjelpawlsiu| BUIN BUOJPIA ¥11-20-OHI ale 8'Gle 10-¥6-A\

‘sise|o snoaljis Aai9 “|ejuswibel) ois|a} pals)je sjeuoqied-edl|is BUIIN BLOJIA €81-L0-OHr ¥'1.€ Z'LlE 10-¥6-A\
‘uoljessjje ajoyo

awaux3g "a)uAd pajeulassIp % /-G "¢4n} OIS|9) Pals)[e }euoqIed-ajliojyd SUIN BLOJIA 9/1-20-OHr 9'eve r'eve L0-¥6-A
‘uoljeJalje 9)LI0|YD 8SUB)U| “uoljeld}je ajeuoqied

-zpenb onoey “ajAd payeuIuassIp % /-G "Ny OIS|a} paIs}e 8}euoded-a}ioly) BUIIN BLOJIA L21-L0-OHr z8re 5144 10-¥6-A\
ajuAd

JO sjo|uleA pue Aqge|q/pajeulWSSSIP UNM yn} pats)je sjliAd-8}euoqles-ajio|yd SUIN BLOJIA 8/1-20-OHI 6'€92 1'€92 L0-¥6-A
‘pajelndalq sieaddy xujew ul ayoly) ‘jejuswbel -ayuhkdoojeyo

Joui “eplAd Joysxyong/Aggalq uum gn 1jjide| sjelpawlsiul pals)je 8}io|yo-edl|is BUIIN BLOJOIA 6.1-L0-OHr 2Lz 8'1.2 10-¥6-A\

"UOljeIB}E SJO|YD SWBJIXT PN} 1|jide| ¢,SjeIpSWISUl paIS)e S}BUOGIED-DIIO0IYD SUIIN BLOJIA 081-20-OHr zele €2 L0-¥6-A

Is/o4Ap oyew pauesb-suy ‘oukyd-redspied BUIN BUOJPIA 18L-20-OHr ¥ole zole 10-¥6-A\

N} SjelpawIBlul pals)je eoljis-ajeuoqled BUIIN BLIOJIA 281-L0-OHr 1'5ee G'GZe 10-¥6-A\
‘s)se|o se ajAd o} uonippe ul

ajAd yum uopelsyje 8)eu0qIED-91I0IYD PN} Ijjide| DIS|S) PaIS)e S}I0IY-BIIIIS SUIN BLOJIA ¥81-20-OHI 88¢ 8'/8¢ L0-¥6-A

"yny 1|idey ejelpawaiu] SUIIN BLIOJIA €21-,0-OHr S9l 8'v9l 10-¥6-A\

"UMOIQ WNIpaw ‘paulef-aul "OIUED|OA DIS|9) PaJd)(e EDI|IS/a}0LS 1S9 SOINL 120-90-OHr 8'%S 9'¥S Zl-ML
¢ONISSBW

2I0W $H00| SE] BY} NG SN0SEYN} SHOO| Jiun By} Jo Buluuibag “yny oisjo4 1SOM SAINL 9/0-90-OHr 9l a4d" Z-ML
¢OAISSBW

2I0W SH00| SE] BY) NG SNOSEYN} SHOO| Jiun By} Jo Buluuibeg “yn} ois|a4 1S9 SOINL G/0-90-OHr 1’621 G'62t Z-M1

‘(¢ 8N10AyY) oueojon disjay ouAyd ahe-zuenb ul syoyuAd/eniAdooreyd Jebulys 1S SHINL ¥10-90-OHI 16l ¥6Ll ZL-ML
‘uoljessye

8}eu0qJed UoJI-edl|Is-0}101as 8007 ¢,a)|0AUY - dlued|joA dis|e) ouAyd-zpenp 1S9 SOINL €20-90-OHr S¥0l 0L Zl-ML
a)uAdoojeyd pue a)joyliAd pajeulwissap

Ajpul4 "8)BUOQIED PUE B}I01ISS 1OSSS| UM UOHEIS}E S}I0IYD “}N) DIS|S) PaIS)Y 1SOM SAINL 210-90-OHr 1’89 629 Z-ML

"olAyd-zpenb ‘AsB-wnipsw o} JybI "o1UED|OA SjeIpBULIB)U| 1S9 SAINL 280-90-OHr €9 629 LL-ML

"a)1joAyl aAIsse| "lUed|OA dis|9) OLAYd-ledspla) pue zuenp 1S9 SOINL 820-90-OHI (A7 697 LL-ML
‘|leyuswbeuy-opnasd

agAe|y o}|0AYs paiIoIlIS B 81| S}007 "OIUBD|OA O1s[84 OlAYd-Jedspiey pue zuenD 1SOM SAINL 110-90-OHr 6'SY LSy LL-ML

"apjoyuiAd pue spuhdoojeyo Jouly oluedjoA Sjelpawisiul paziuAd AjinesH 1S9 SAINL €80-90-OHr 9'69 7’69 LL-ML
"paziuiojyo Ao (Bulliy

ajiwojop) [epiojepBAwe A||eo0 "0lUED|OA S)eIpaWIB)Ul-OleW paId}je S}I0|YD 1S9 SHINL 6.0-90-OHI 8'¢S 9'¢S LL-ML

"UOlBIB}E SJIO|YD "OIUED|OA SjEIpaWIsuI-oew [eploe|pBAwy 1SOM SAINL 080-90-OHr 1’19 609 L-ML
‘uonelssjje ajolyd

"UIBA 8)euoqued-edl|is-a}uAd 9s1e0) OIUED|OA BleIPBLLIBIUI-OLeW PaIdY 1S9 SOINL 180-90-OHI 8'19 19 LL-ML
‘1S onjeseg - suibiew pajjiyd ‘Inoybnouyy [epiojepbAwy “ajeipawiaul

Jo oiyew Ji |8} 0} YnoyIJ "S[ejew oseq JoBuL)s Y)M OJUBDJOA S)eIpaLLISIU| 1SOM SAINL 180-90-OHr L'y 9Ly 0L-ML
‘|11 onjesegq - suibiew paj|iyd ‘Inoybnouyy [eplojepbAwy “sjeipawiaul

10 oijew i (18} 0} YNOIYIJ "S[E}OW SEq JBBULIS YJIM DIUED|OA DljeW-S)jeIpawIaiu| 1SOM SOINL 880-90-OHI 9'6¥ €6v 0L-ML

"ouAyd-zpenb ‘AsiB-wnipsw 0} 3ybI "oluedjoA SjeIpawIBIU| 1SOM SAINL 980-90-OHI 1'1€ 9'1e 0L-ML

uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

118



J.G. HINCHEY

"uoljela)e 8)euoqued-a}lio|yd Yeam Uim 4n} a)eipauisiul BUIIN BLOJOIA 181-L0-OHr €yl L'¥L 20-06-OIA
“uonesyIdllis Yim ajjoAyl eAIsse BUIIN BLOJIA 881-L0-OHr Gze €72¢  20-06-OIA
‘sjuswbely uoosew Juepunge yim ynj sjeipawisiul ouAyd ahe-zpenp SUI| BLOJIA 681-20-OHr 185 G'8G  20-06-OIA
"PIEMUMOP Bululy S UM "SBUOZ SNOBDYIS YJIM J4N} DljeW paIs}|e-ajiojyd BUIN BUOJPIA 064-20-OHr 8'98 998 Z0-06-0IA
‘sjuswbely
pazijjewsay pal juepunge yum ‘yny jide| ysowe Ajjeao| ‘ouhyd ake-zuenp BUI\ BLOJOIA L6L-20-OHP 6'€0l L'€0L| 20-06-DIA
'sjse|o Jadsel se ||am se s)se|o Alejuswipas
pautesb-auy A1oa yoe|q sutejuod “yny ijjide| olypjossiay ‘|eyshio-zpeny BUIN BUOJPIA 261-L0-OHr G9'GEL G'GEL  20-06-OIA
‘ajeuoqJed yuid bunuidiano
juepunqy “ynj sjejpawisiul oLAyd-zpenb paisye sjlojyo-sjeuogie) BUIIN BLOJOIA €61-20-OHr 6’89l €89l 20-06-0IA
"y} 1jiidel ouAyd ahe-zpenb ‘paisye sjeuoqied BUI| BLOJOIA ¥61-20-OHI G081 €08l 20-06-OIA
"uopessye sjAd-eol|Is-8)|0148s SUIBIUOD YN} SNOBI|IS A8 BUIN BUOJPIA G61-L0-OHr 8'861 9'86l  20-06-OIA
") ajelpawisiul oLAYd 8he-zpenb pals)je 8}ioLIas-aI0|UD BUIIN BLOJOIA 861-L0-OHr 8'95 99 10-68-0IA
‘s19bulys [elow aseqg-ajuAd yim g4ny o1yl you-zpenp SUI\| BLOJIA L0Z-20-OHP 7’18 €18 10-68-0IA
"XUjew pnw snoJajailAd
B Ujim %001 [ejuswbel) sjeipawialul Ue uj uolels)je sjeuoqies-zyenb oljoeyo BUIN BUOJPIA 661-L0-OHr 9'09 G'09 10-68-0IA
‘JnoyBnouy} ajaleyds pajeuluassIp YIm %00 [ejuawbel) o1yl you-zuenp BUIIN BLOJIA 202-L0-OHr ¥'801 2’80l 10-68-OIA
4N} e sjelpawialul paId}e 8)eu0q.ed-a}io|yo-ajieaH BUIIN BLIOJOIA 161-20-OHr 8% 807 10-68-OIA
“J§n} SjeIpawlsiu| BUIN BLOJIA 961-20-OHr L0L 66 10-68-0IA
‘uoljels)|e ajeuoqled d130eyo |eao]
“XUjew se pnw snoajeplAd yum |eyuswbely ajeipsuwusiul ouAyd ehe-zuenp BUIIN BLOJOIA 002-L0-OHr €9/, 9. 10-68-0IA
“a)||16Je snosayuAd auoz bir ¥12-2L0-OHI 4 Zv ¥0-88-OIA
"sjuswiBely oWy JoulN “Hn} 1jjide-n} diyew pals)je Sjeu0qIed-ajI0|YD auoz bir 112-20-OHr Ll 60l +0-88-OIA
“Jadsel 0} ‘sysejo ouAyd-zuenb o) ‘sisejo snoaoljis oAyde Aaib woly
Buikien syuswbeyy Jejnbue sjeos-wy “[eyuawbely e o} yny jjide| olyyjos}eH auoz bir 212-L0-OHr 6'62 1’62 +0-88-0IA
"3} o119} ouAyd Jedspie)-zHenp auoz bir €12-L0-OHr z'9¢ 9¢  #0-88-0IA
"e10091q JI}|049)OH auoz bir ¥02-20-OHI G¢El '€l 10-88-OIA
"SUlaA a)Isleyds yim yny pais)je alI0|yd-8)euoqled-edl|is oijoeyd auoz bir G0Z-L0-OHr G/l ¥'LlL  10-88-OIA
‘snoJajejiAd ‘ay|jibie paulelb-auld auoz bir 902-L0-OHr e Z¥Z  10-88-0IA
"4n} ouAyd-zpenb paisyje sjuhd-ayones auoz bir £02-20-OHr ¥'ve €v€  10-88-0IA
"4y 1jjidey 03 yny ois|ey oAYd 8ha-zpenb paisye sjIAd-e)oLes-BIINIS auoz bir 802-L0-OHr 8'29 G'29 10-88-OIA
"auo)syis/pnw snosyuAd pauresB-auy Aiop auoz bir 602-L0-OHr 6'16 16 10-88-0IA
‘sjuswipas ‘a||ibie xoe|q ‘8)Ij0Ayl Snoadl|is
K216 jo sise|o ‘papos AlIood "oxoem olyy| pats)je ajAd-eol|is-8)i01as dijoIsIoH auoz bir 012-L0-OHI Sl €1lLlL 10-88-OIA
-ajejeyds pue ajuAd Aqgajq/paleulwassiq
“(oyew-ajeIpawIBIUL) YN} 1YY OIS|S) PBISYE S}UOGIED-BJEWSY JIUN|0IS}OH auoz Bir €02-L0-OHr R4 L'¥Z  10-88-0IA
‘s)o|uleA a)llAdoojeyo-ayAd
ut 6ulnooo sjuAdooieyo Jueoyiubis yum ynj oisjey ouAyd-zuenb paisye ayIo0lyd BUI\| BLOJIA 912-L0-OHI 71y 'Ly 20-1L0-OIA
‘|IIS dijew snousbowoy pue SAISSEN BUIN BLOJPIA 112-10-OHr zeel €21 20-L0-OIA
"suleA zpenb pajebaibbesip juepunqy “erooauq ay|ibie omydels pajolig BUIIN BLOJIA 812-L0-OHr 8’65l 9’65l 20-10-0IA
"sohe-zpenb may e yum usalb yieq ‘ynj oye BUIIN BLOJOIA G12-L0-OHr 12 892 20-10-OIA
“J§N} SjeIPSWIS)UI paIs)|e 8}BUOGIED-DIIO0IUD SUIIN BLOJIA 2/L1-20-OHr 6'/€) 1/€L L0-¥6-A
“J§N} OIS|9)-SjeIpaWIdlUl PBYOIIS BUIN BLOJPIA L21-20-OHr 9¢8 ¥'€8 L0-¥6-A
"uoljeJS}je SNOBDI|IS Y)IM Jn} Sjelpawsiul paulelb-auly BUIIN BLOJOIA 0Z1-L0-OHr VT 44} L0-¥6-A\
‘sjuswbe.y snosoewnd
‘sjuswbely o1s9) sNoddI|Is ‘syjuswbely pazijewsy jo pasodwod aJe pue jun
10 9%,09 ~ 9sudwod sjuswbel oluedjoA [ejuswbel} 8)eIpPaWIdIUI SANBW-UDIID) SUI\ BUOJOIA 691-20-DHr 02 20z 1L0-v6-A\
uyduoseg [ Auadolg [ wnnedweg w o]] W wou4[ al 8IoH

suondridsa( Jorg pue suonedor| djdwes vy xipuaddy

119



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

pozATeue j0u = §6-

ONUBIN QARIWILIJ—686] YSNOUOIIA PUR UNS WIOL] SIN[BA FUIZI[RULIOU [[V

wg + "PD)/MIZ45°0 = wIZAZ (e T+ YL/ INKS0 = AN/AN ‘S 0("WS 4" PD)/n = xnA/MT
"030 O] Surpnjour s1ofew jo (80T, = [BIO],

sisATeue omownAeI3 Aq ‘UONIUSI U0SSOT = [O]

SQeT [eoNA[BUY WOV JB 00BI], TV UI Sk UonnjossIp oy Suimofoy Anowonoadg ssejy pojdno)) A[oanonpuy eia sisA[euy = pISzgy TV

SQeT [edNA[EUY QWY J& Uonsa3Ip

OLIIU 9)N[IP PUB UOISN] 9JBIOGEIIN)/91LI0qRIOW WNIYI! B Aq UOIIN[OSSIP [€)0) Jojje Anowonsodsg uorssiug—ewse[d pojdno) A[oAnonpuj elA sisA[euy = 0oel] Ty
"SHO-dOI ®lA sisA[eue im ‘ONH ela uonnyip [enied oiseq = ddd SO

((8661) yourg £q paurpno spoyowr) Anowonoddg uoissiug—ewse[d po[dno)) A[oAnonpuy BIA SISA[euy = ddel], SO pue 10l SD

SQe [BdNA[RUY QWY = TV

sqe] AoAIng [eo130[090) = SO

wd,

(“ws + “pD)/MLys 0 = £IL/AL (

Pua3dd|

41 XIANAddV

120



J.G. HINCHEY

1L°86
S9'16
81°L6
CL'86
11°86
1L°S6
95°86
1’66
8€°66
°E86
89'86
¥8°86
9¢€'96
ST86
88°L6
£8°66
€8°L6
8¥°86
6786
60'86
1786
I7°e8
GG'88
86
1586
6'86
§S'T6
186
1786
EV'L6
CL'66
L9'86
8C°06
$9°C6
001
L6'86
11°86
L1'86
1¥'66
L7001
L8°86
87°66
61°86
11786

J0feIN
NS

%
eloL

€6'C
9601
€L’
8v'y
LS'T
e
8’1
60°S1
€1
89°¢
(14
€Tt
(4R
VLT
S8
w'C
124
Iv'c
€6'81
1eel
LO'TE
0°6¢
ylee
SEVYT
78
LT
€Sy
(4%
9¢°¢
10°T1T
Wil
¥6'C
1'6c
¥YT0c
8¢
ws
6'CC
€0'C
8L'C
8TV
9L’S
909
S8'L
6C'¢

JoleN
SO

%
1071

C
6¢€€l
0601
8
78
LIE
1433
9449
8LI
968
6€LT
¥8¢C
°6S
891
001
L001
S0l
[{\r4%
€IS
LE9
I

91

SI8IIT
LT6T
6
Ly
LT
€66
€LTI
14883
IC
rece
LT08
2698
0L1T
€0cy
Y08
L1ey
S8LT
785¢
9L
66

Jole]N
SO

%
eg

09
86
¥Cl
s
€9
14!
89
Sel
89
891
LTl
9
Sl
8¢l
€C
€el
801
LIT
[43
9
61
4!

SI
801
8¢
S
14
C
S6
oy
99
It
6
S9
LTl
33
€5
s
65
33
8¢
14
C

J0fe]\ IOl

SO

%
1z

990°0
LT°0

8200
43N\
6200
L10°0
120°0
1200
¥20°0
oo
L0070
610°0
150°0
10°0

€500
910°0
110°0
S10°0
120°0
€200
60

10°0

8%0°0
¥10°0
Scro
S¥0°0
6100
£€90°0
¥90°0
690°0
€500
€£€0°0
8IT°0
€00°0
950°0
1€1°0
110°0
1700
§200
L90°0
150°0
900
00
¥90°0

SO

%
SOud

110
1o
€00
ANV
L0°0
€00
¥0°0
¥0°0
L0°0
1o
€00
S00
Seo0
¥0°0
o
90°0
0
00
¥0°0
LT°0
90°0
¥0°0
90°0
¥0°0
1o
10°0
o
81°0
LT°0
€0
¥0°0
SO0
91°0
00
00
91°0
00
100
S00
€00
cro
80°0
0
91°0

Jofe]N
NS

%
OUN

6LCT0
8€1°0
981°0
¥29°0
evro
910
I€1°0
960°0
wio
€Iro
600
STIo
80570
$80°0
€290
980°0
890°0
¥80°0
960°0
L0
2000
100°0
0

0
6¥5°0
960°0
S6€°0
859°0
629°0
8¢€°0
6L1°0
8CC0
€100
000
90¢°0
1LS°0
710
yIL'0
871°0
86C°0
¥61°0
68C°0
99%°0
969°0

Jofely  JofeN

SO

%
COLL

¥To
L6'0
wy
601
650
8C°¢
0
89°¢
'l
Sy'e
LET
8¢l
88V
YTl
9L'0
¥'C
LTT
S0'¢
¥0'1
LL'O
€00
0

0

0
L8'T
690
8¢0
10°0
0
wo
16'1
4
200
0
S6'C
LSV
L1
160
LL'1
(x4
Se0
9¢'C
L00
90°0

SO

%
oA

ISy
80°0
w0
69'¢
42
el
96t
o
SL'Y
910
€0

S9'¢
¥To
LT'€E
9¢'1
1340
81°0
y1°0
vTo
1’0o
90°0
900
900
S0°0
Ieo
L9°CT
18°0
e
[4%4
SI°o
6¢°0
€90
9T0
80°0
IL°0
191
Ico
Sv'e
€€0
Y0
600
8C'C
€T

€r'e

J0feN
SO

%
OCEN

vl
9¢°0
[
e
LO°¢
980
[\
€10
90
&0
00
wl
SY'L
€90
€Ce
61°0
0
6€0
80°0
900
ST'T
00
€6'C
81°0
80
&0
€8'L
¥6'S
€L’S
y1°0
91’0
90°0
G8'8
900
1o
LT0
L00
¥'0
¥0°0
1o
610
(434
¥9'¢
8¢

J0feIN
SO

%
oed

66'L
1243%
€l'e
90t
8¢°0
I'c
8’1
¥6'0
$8°0
68y
6L°0
86°0
LO’L
60
801
SI'e
0
ITr
90
Lol
LL'T
ST0
€0'1
(44
SO°SI
y1°0
9L'9
19
YL'S
SLST
I'l
LET
49!
0
96'0
99
8C°0
81°0
¥8'C
0L
S6°L
L9'1
8¢'8
99°¢

J0feIN
SO

%
03N

6L°S
6€°0C
98’1
S'6
(x4
88’1
9¢'¢
ST'st
6C'¢
LYYy
9Cl
e
IL'8
Y1
8LVl
8C'C
€T
V'l
L6'1E
19'v¢
SIes
16'8¢
€SIy
(4204
Is°L
€0'1
STIlL
ol
£€6'6
yic
8181
80t
oY
187ce
1€y
19
I'Le
LT
LS'E
19
8S°L
99'¢
§scl
£9°01

JoleN
SO

%

96'Y
LT8I
6l'1
6S°L
[4:0!
4!
ELT
111
(44
L6°€
619
65T
LY'L
171
6L'¢l
Ll
9¢'l
€60
yI'LT
861
LTy
8'¢e
L1°S¢
L'se
1L
L9°0
€901
€8
66°L
€81
1191
14%%
1oy
SL9T
S8'C
€9y
¥L°0C
€L'1
ST
1
SL'S
9¢€C
96'11
€58

Jofe]N
NS

%

[BI0L02d  O°d

80
(44
99°0
16'1
't
9¢0
€90
S6°¢l
86°0
150
[42°
190
€1
¥T0
I
950
¥6°0
LY0
y8'v
oLy
124!
LO°S
9¢'9
wy
1€°0
9¢0
w90
61'C
¥6'1
1483
L0C
¥6°0
619
909
w1
8L'1
9¢9
660
LO'T
€90
[4:0!
€l
650
I'c

Jofe]N
NS

%
€024

¢SIT 1€°69
€CL 8Y'Sy
€8°C1  TTOoL
88'F1 L89S
¢SIT 60'TL
20'€T S$8°69
SI'Cl  66°¢€L
S9Cl  pL6E
wrTr SSYL
9¢'€l  TI'89
SY'6 482
€SI Lo'EL
LT'YT  6V'8¢
SE6 8Y"6L
CLI9T  SO'6¢
9T'6 €08
6S°L 8¢'T8
LT'6 L08
98y SLE
8L'ST  $1°0¢
651 6€Y
Se0 6601
260 £8°61
L0T (47474
LS€T  1S°8¢
V'L 1°68
8Pl LEYY
80¥1  S¥'CS
L€l 89°¢S
0T 6S°ST
IL'8 LRSS
YOyl vS'IL
L0 we
9¢°0 I'e¢
Iy'cl  1I'SL
LY'YT 658
179 9t'6€
L6°6 9¢'8L
cTor T9LL
€Tl YYTL
IS8 8089
¥0'Cl  +¥9°89
LO9T  1€°Sh
YTy1T  LvS
JolelNy  1olep
SO SO
% %
€OCIV  TO!IS

AL woay pazAjeue sojdures 10§ d[qe) eyep Ansruayd03goyry gy xipuaddy

[I'H SAM.L
[I'H sqM.L
[IH sqInL
[I'H sq[n.L
I'H SAM.L
[I'H sq[M.L
[IH sqInL
[I'H sq[n.L
[I'H SAM.L
[I'H sq[M.L
[IH sqInL
[I'H sqn.L
[I'H sAM.L
[I'H sq[M.L
[IH sqInL
[I'H sq[n.L
[I'H sqM.L
[I'H sq[n.L
ised sqnL
iseq sqnL
sed SyL
sed synL
ised sqnL
iseq sqnL
sed SyML
sed synL
iseq sqnL
iseq sqnL
sed SyL
ised synL
ised sqnL
Iseq syInL
sed SyL
ised synL
iseq sqnL
Iseq syInL
sed SyL
ised synL
ised sqnL
Iseq syInL
sed SyL
ised synL
iseq sqnL
sed SyML

Ayadoig

050-90-OHI
870-90-DHI
L¥0-90-OHI
S0-90-DHI
¥¥0-90-OHI
€70-90-DHI
y0-90-OHI
1%0-90-OHI
0¥0-90-OHI
6€0-90-OHI
8€0-90-OHI
L£0-90-OHI
9€0-90-OHI
$€0-90-DHf
¥€0-90-OHI
€€0-90-DHI
C€0-90-OHI
1€0-90-OHI
0€0-90-OHI
8¢0-90-DHI
L20790-OHI
920-90-OHI
§20-90-DHI
¥20-90-OHI
£€20-90-DHI
TC0-90-OHI
120-90-OHI
020-90-OHI
610-90-OHI
810-90-DHf
L10-90-DHI
S10-90-DHI
¥10-90-OHI
€10-90-DHf
C10-90-OHI
110-90-OHI
010-90-OHI
600-90-OHI
800-90-DHI
900-90-OHI
S00-90-DHI
€00-90-DHI
00-90-OHI
100-90-OHI

POYIRIN
[eonkreuy

syun
JoqunNo[dueg

121



THE TULKS VOLCANIC BELT, VICTORIA LAKE SUPERGROUP, CENTRAL NEWFOUNDLAND

L6°86
1896
8¢€°€6
7586
96786
86786
66
16'86
6196
69°001
¥9°86
GSe6
£9°86
S1'86
6L'86
§9°001
S6'86
I'¢6
19°86
yTto
¥6'S6

88'86

LL'86
62001
clre6
68°L6
L8°S6
€0°001
686
cC66
1L°86
87°86
9086
61°66
6¢°L6
S'L6
SE'86
L1'66
L6°L6
9¢°86
11°66
61°001
£8'86

J0feIN
NS

%
eloL

8¢°6
191
§9°01
6L'S
€99
6¥'¢
[
S0'9
6S'8
10°¢
88’8
s
Ly'C
e8I
8C'¢
619
w6
L6'S
6C'C
LO'ET
VL'
€6'Cl
e
119
1L
yli'e
¥6'9
(433
09
9¢'6
89°¢
59
669
Pl
266
916
9Ty
SEY
80°C
9'¢
pee
1TC
8C'1

JoleN
SO

%
1071

Ivc

LTE
LE
St
LLT
08
T
994
8¢C
LO1
18¢
S99
1€l
S8
[49!
0S
9T
891
€l

€

8LE
1443
€Cll
CL6
€8T
996
YLT
Ly
IS

LT
S

(44!
96T
¥8L
0€€
122!
90T
6L1

Jole]N
SO

%
eg

0€
61
8¢
01
68
911
€CC
9¢
6C
[43
1474
8¢
94!
8¢
€5
€€
143
8y
08
S¢
€l

Sl

001
€01
€6l
SSl
1414
0ST
g
IC
[4%
6¢
8¢
IC
LT
9T
€5
(474
0TI
9¢1
6y
99
[43

J0fe]\ IOl

SO

%
1z

€01°0
601°0
6v1'0
1T0

960°0
€01°0
S01°0
€700
1¥0°0
150°0
119°0
LLOO
9500
€Iro
601°0
L9070
ro
1o
LS00
€2T0
8500

LTI'0

9200
§20°0
YLI'O
€700
1L0°0
¥10°0
Y110
190°0
SLOO
L60°0
£€80°0
€L0°0
$60°0
¥90°0
So1°0
891°0
90°0

8100
€51°0
950°0
€00

SO

%
SOud

S00
80°0
110
80°0
80°0
00
0
170
S1'o
L00
61°0
€00
S00
90°0
1480
91’0
€0
€10
L00
S0
&0
66°0
1o
610
1o
90°0
€C0
€00
L1°0
90
€C0
(44
SI'o
€0
610
LT°0
S0
cro
00
00
80°0
L00
90°0

Jofe]N
NS

%
OUN

12€°0
€00

Clso
(14!
IST'1
weso
€60
6970
89C°0
89¢€°0
LTS'E
se0
So¥°0
I¥$°0
9190
S9L0
LYO'l
9L8°0
8LT0
600

S9°0

Cl8'0

161°0
60C°0
129°0
€0
£€8¢°0
8S1°0
€Ce’l
¥0L'0
I
8860
V0’1
98°0
960
€EL°0
78570
9v$0
LITO
8€1°0
866°0
§To
¥91°0

Jofely  JofeN

SO

%
COLL

£e

7o
90°¢
¥To
9T0
60

Sv'0
861
91
81°0
0
(459
!
Sy
68°0
€00
610
LY0
€60
€00
200
00
650
$9°0
10°¢
91

€0

€L'1
IL°1
1T0
S0°0
€00
8C°0
900
€00
€00
80

61°C
65°C
see
LT
6’1

98l

SO

%
oA

L1'C
L00
Sl

60'¢
[5x4
¥9°¢
ev'e
LT
Sl

¥$°9
SOy
L00
L€
9¢0
10y
v'e

LES
€99
€Ce
L00
Ice
91

61t
6CY
LE']
960
10
&0
19°C
ers
S6'C
€6'C
LTT
19'C
Se

8¢°¢
9Ty
68°C
10°¢
v'e

¥0°S
8¢
'y

J0feN
SO

%
OCEN

e
S¥'e
[41!
6S°C
861
[
610
98°0
6L°S
€5°¢
659
9Tty
el
8¢°0
St'l
999
6€9
S0'¢
w91
90°¢
80°¢
ov'y
881
9¢°¢
90°¢
LLO
€10
200
S6'1
Wy
LT0
Iy
4
4%
8L
609
6¢'¢
€6'C
89°0
811
4
€8'l
$6°0

J0feIN
SO

%
oed

L0
1.0
4%
oSy
ws
91'C
¥0°0
8Ty
€8'C
6C
9¢°¢S
Sl
61l
Lo
S8'¢
L8'6
91y
60°L
89°0
8L'¢
ot
1791
'l
I1c
{33
€1'e
L
98¢
99°¢
66t
crorl
179
€6
856
'8
T8
6Ll
(41
9°0
I'c
69°C
80
L8°0

J0feIN
SO

%
03N

SS°6
6S°1¢€
186
S'L
86°CI
x4
610
Y6'L
8I°L
S6'8
1¢Cl
60t
143
9°6¢
60'8
€96
Ssol1
9T'6
YLy
L1y
w6
96'8
8L'1
Ly'¢
Yy
9L
10°9C
¥6'S
erel
1T°6
86°CI
90°TT
Il
66'6
LE6
evol
¥6'9
4%
861
[
L9°9
6'¢
65°¢

JoleN
SO

%

wy
6€°SC
8¢9
99
6601
24!
€1ro
8Y
142
144
8CT11
144
SC
€0'1¢
90°L
$6'9
S'6
19°¢
€&y
iy
6¢'8
[4%]
[N
1T
S6°¢
879
6C'1C
6C°¢
Y1°Cl
8T8
8L'11
19°6
906
Iv'6
618
¥0°6
69°S
8¢y
L8°0
8¢'1
€9°¢
€8¢
19°C

Jofe]N
NS

%

[BI0L02d  O°d

£€Cs
9

e
98°0
9l

6L°0
90°0
Sle
Y91
16°¢
¥6°0
9¢'1
¥9°0
868
[Nt
89C
SO'1
S9'¢
[43\
6C0
€0'1
¥9°0
L9°0
9Tl
S0

Il
wy
S9°0
66°0
€60
80

Sv'1
¥6'1
850
8I'T
6¢'1
STl
L1
1L°0
S0
€0°1
LO'T
860

Jofe]N
NS

%
€024

LTSI 61'%S
98°0 L'vy
Sy'cl 8601
9T’ el sE6s
98¢l LI'ES
€6'€l LEOL
Pyl 88°8L
o' eEl €509
1sCr  1'ss
8€91  IL'9S
4! Yoy
SS9 TP'SS
65Tl ¥8'IL
80°LT  LS'9T
¢SS 9009
SI'St  S6'Ly
6891 Te'ey
61'ST  6T'IS
€l 10CL
6C'C G801
SI'yl Sl'ev
891 wse
001 1€SL
99'01 2069
LT61  TT9S
LOEl  LY'LY
16°'L1T  1S°¢e
L€l oL
80°'IC 8Lty
1091 S¥'Lv
LT TOLY
9T¥1  8L0OS
oLyl SL'8Y
yoel vy
SSyl 16'1v
66'v1 Oty
91 LL09
el T9¢9
LETT  L9YL
ISyl 16'89
8I'Sl 1019
89°Cl  6S°TL
6811  LEEL
JolelNy  1olep
SO SO
% %
€OClV  COIS

AL woay pazAjeue sojdures 10§ d[qe) eyep Ansruayd03goyry gy xipuaddy

puod uoSeIiq
puod uoSeIiq
puod uo3eiq
puod sepiiN
puod sepiN
puod sepiiN
puod sepiA
puod uoSeiq
puod uoSeIiq
puod uoSeIiq
puod uo3eiq
puod uoSeiq
puod uoSeIiq
ISOM SHINL
ISOM SN
ISOM ST
1SOM SHINL
ISOM SHIL
ISOM SN
ISOM SHINL
ISOM SHINL

QUO7Z UONIRISNY PUO{ SIoixeq

1S9 SN,
1S9 SN
1S9 SN
1S9 SYINL
1S9 SN
1S9 SN
1S9 SN
1S9 SYINL
SN, AIPPIN
SAINL A[PPUA
SYINL A[PPUA
1S9 SYINL
1S9 SN
1S9 SN
TIIH AL
IH SYINL
TIH AL
TIIH AL
TIIH S
1IH SAINL
TIH AL

Ayadoig

CI1-90-OHI
[T1-90-OHI
601-90-DHI
801-90-DHI
SOT-90-DHI
¥01-90-OHI
€01-90-DHI
01-90-OHI
101-90-OHI
001-90-OHI
860-90-DHI
L60-90-OHI
$60-90-DHI
60-90-OHI
160-90-DHI
680-90-OHI
880-90-DHI
L80-90-OHI
980-90-OHI
€80-90-DHI
80-90-OHI

6L0-90-OHI

8L0-90-DHI
LL0-90-OHI
9L0-90-OHI
SL0-90-DHf
¥L0-90-OHI
€L0-90-DHI
CL0-90-OHI
1L0-90-DHf
0L0-90-OHI
690-90-OHI
890-90-DHI
¥90-90-OHI
£€90-90-DHI
90-90-OHI
090-90-OHI
650-90-OHI
LS0-90-DHI
¥50-90-OHI
€50-90-DHI
CS0-90-OHI
150-90-OHI

POYIRIN
[eonkreuy

syun
JoqunNo[dueg

122



J.G. HINCHEY

67°86
00l
$'66
¥8°001
€001
90001
€L°66
¥0°66
86766
°E86
E'86
89'86
6'86
1001
8786
986
8¢°86
9°66
wes
6L'86
9C°001
€056
6196
L96
91°66
80°¢6
€766
L0001
¥0°66
£6°66
79'86
y1'66
1TL6
£6°66
1L'86
Y786
STL6
S'86
80°66
96'86
Y786
8€°S6
LT'86
99°86

J0feIN
NS

%
eloL

¥'e
LEE
§8'¢
e
see
€8'C
6l'¢
80°¢
Y¢S
89Y
Ly
9Tty
So'1
8I'¢
8L'S
618
65°C
€19
EL'ET
6C°S
9Tl
LTTI
ys'LT
981
€1
61°¢ce
IL'e
yeL
6S°1
484
Sv'c
§9'¢
9¢'L
€6'S
60°01
s
LO'L
€re
Pe8
SO°L
LY 11
¥9°¢
808
STy

JoleN
SO

%
1071

9re
SoI
L9
8¢S
LET
I8¢
SLY
1444
I8¢
[43
SII
0€T
9
99¢
L6S
86
6¥9
o
Iy
S9
L01T
(494
€C
154
€LLT
9¢
€19
206¥
544!
41!
9t
0T¢
€LE
£33
(49
we
09¢
%
9ts
00S
€0¢
€8¢
8CC
6C¢

Jole]N
SO

%
eg

0LT
€01
9
SOT1
01
00T
L81
4%
Sv
OrT
99
L
U4}
9Tl
0s
CLl
Lyl
4%

53
0cy
901
Ll
65
6¥S
91
6yl
6L1
8yl
YL1
811
IT1
0€
LE
9¢
8¢C
6¢
34
8¢
04
1€
0s
44
3

J0fe]\ IOl

SO

%
1z

LLOO
8S1°0
S01°0
6v1'0
8¥1°0
1€1°0
$90°0
8L0°0
680°0
8€CT0
101°0
€10

(4300
8L0°0
881°0
88¢°0
111°0
160°0
6200
€500
9L0°0
00
900°0
16¥°0
6¥0°0
€00°0
€€0°0
6v1°0
¥¥0°0
880°0
990°0
SIT°0
6€0°0
(4300
¥70°0
(400
¥¥0°0
809°0
LLOO
8IT°0
69¢°0
o
w00
150°0

SO

%
SOud

80°0
600
S0
1o
110
S0°0
80°0
81°0
610
LT°0
YTo
LT°0
90°0
cro
[\

0

00
L1°0
LLO
¥'0

S00
861
L1T°0
LY'S
10°0
(44
81°0
¥To0
00
€00
00
00
cro
10

90°0
€0
o

YTo
S00
¥0°0
00
S0°0
¥0°0
60°0

Jofe]N
NS

%
OUN

9LY"0
808°0
¥68°0
€LLO
9sL°0
¥¥9°0
9Ivy'0
156°0
L60°1
iz
801
68°0

€LT°0
S6¢£°0
I¥6°0
6651
¥61°0
868°0
S10°0
6¥9°0
y$S°0
yCs 0
L0070
LSE0
8T0
100°0
1020
908°0
8CC0
6¥¢0
8¢°0

8150
6€C0
SLTO
6970
68C°0
(4430
ClLe
LYE0
20
¥8C°0
SeL0
86C°0
SIE0

Jofely  JofeN

SO

%
COLL

eL’1
€€°0
wo
86’1
90°L
6¢°¢
90°¢
990
80
0
LSO
L0
9T0
124
e
8¢
LO€E
1o
900
L00
6¥°0
8L°0
600
o
(At
L00
6v'1
187
8’1
€50
o
L0
8LV
wl
L9C
Y1
1Ty
80°0
S
9°¢
LYy
9y
880
88°0

SO

%
oA

Sy
69°L
L9
6C°S
ILs
6LC
681
80°S
6

yes
6V

LS

88V
¥9°¢
Yo'y
T
13904
8¢°¢
90°0
I'c

¥9'8
€0'1
S0°0
1.0
2

1o

€Tl
¥$°0
€L'e
9¢Y
we
9TY
€Tl
e
€Ll
'l
171
S0'¢
960
8C°0
€ro
cro
6C'1
[4%4

J0feN
SO

%
OCEN

¥6°0
89'1
ol'e
8¢'1
€1
9Tl
¥8°0
€9y
80°C
9T'C
6Tt
6¥'C
LT1
96'C
Wy
9
80
9L'¢
168
69'1
8¥°0
€0°S
60
18
cro
L00
80°0
¥To
o
69°1
L0
(4!
178
ILs
ere
¥9°C
60y
LL'L
144
$6°0
171
L6'C
110
6

J0feIN
SO

%
oed

L1'C
86°C
8¢y
86'C
96°¢
L8'T
€6'C
9¢'¢
SO'v
1%
65V
1Ts
90°L
40!
e
S9

(40!
Y

[\

90'8
€60
65°¢
81°0
LET
€€0
S0°0
S0'C
86'C
€0

LT'T
9¢'1
€91
9¢'C
we
1T¢
66't
YTl
99

9T'C
&'e
90
8C'C
66'S
8I'¢

J0feIN
SO

%
03N

S8'¢
9°¢
8C'6
€9y
6L°S
9Y'¢
96'¢
80°11
£€9°6
99°01
1€°6
61°L
£€0°C
v'e
L09
LS'8
£€ee
88°01
8Y'LE
866
9¢°1
9691
ST8Y
£0C
0l
18Ly
998
¥9'L
99°1
ST
e
LTT
'S
9¢°L
LT8
6L
4R
Seel
9¢°01
LS8
SI'LT
L9°S
81’8
889

JoleN
SO

%

144
88V
9
88'¢
80°¢
L8'1
98¢
998
8¢'8
L9
6v'9
€99
19°1
24!
85°¢
8
161
66
clece
168
80
91
8°0%
LT0T
650
EL'LY
WL
619
LS'T
LS'T
L9'1
el
89°C
8¢9
8¢C
e€rs
S8'C
99°01
LS'T
we
9
LEE
oSy
¥9°9

Jofe]N
NS

%

[BI0L02d  O°d

161
1L°0
96'C
SLO
1.0
651
I'l
we
YTl
[4R3
[4:44
9¢°0
wo
960
ST
LSO
Wl
66°0
9¢'S
LO'T
L0
LEO
V'L
€00
1340
80°0
y0'1
Sv'1
600
€60
SO'1
80
8L'C
8I'1
68°S
6L°C
LTS
88'C
66'L
SI'9
SI'TI
€T
€6'¢
¥T0

Jofe]N
NS

%
€024

SPy1 S6'L9
TT8T  9¢€°6S
YO'LT  18°CS
€LT 979
19°LT  8L'6S
6l 069
8¢l 91°69
S991  $€0S
SE8T IS
9l v6'ES
P91l 6¢°1S
€T81  €6'CS
LLOT  SS9L
PL'TT  €0'TIL
99yl 6L'SS
YTST  61'Sh
6S°ST  +0°L9
8691  ¥9'8t
LEO 61°CI
S¢8°¢l  89°6S
LY'8T  YL'L9
911 L80F
o 8L'81
S8'L 99°6C
LTST  80VL
LEO 68°S
PI'el  8L9
L6'8T  89°GS
68Tl TLIL
SI'El  €L'TIL
96’11 LE'EL
80°¢T  $SIL
9T SYS
LT'vl  8I'8S
8S'¢l  ¥'SS
6L’ ET  1T6S
91'ST  LESS
€TSSl 6T 1y
1861  S8'CS
TLST  19°LS
6Tl v9'8Y
SESl  88'LS
L9VYI  68'LS
90'ST  61°09
JolelNy  1olep
SO SO
% %
€OCIV  TO!IS

AL woay pazAjeue sojdures 10§ d[qe) eyep Ansruayd03goyry gy xipuaddy

ourwo(J/Suerowoog
ourwo(J/Suerowoog
ourwog/3uerowoog
ourwo/3uerowoog
ourwo(J/Suerowoog
ourwo(J/Suerowoog
ourwog/3uerowoog
ourwo/3uerowoog
ourwo(J/Suerowoog
ourwo(J/Suerowoog
ourwo/3uerowoog
ourwo/3uerowoog
ourwo(J/Suerowoog
ourwo(J/Suerowoog
ourwo/3uerowoog
ourwo/3uerowoog
ourwo(J/Suerowoog
ourwo(J/Suerowoog
puod oAy

puod oA

puod oA

puo AN

puod oA

puod oA

puod oA

puo AN

puod oAy

puod oA

puod oA

puod sepi

puod sepiN

puod sepr

puod uoSeIiq

puod uoSeIiq

puod uo3eig

puod uoSeIiq

puod uoSeIiq

puod uoSeIiq

puod uoSeiq

puod uoSeIiq

puod uoSeIiq

puod uoSeIiq

puod uoSeiq

puod uo3eIiq

Ayadoig

LLT-90-OHI
9L1-90-OHI
SL1-90-DHf
YL1-90-OHI
€L1-90-DHI
CL1-90-OHI
1L1-90-DHf
0L1-90-OHI
691-90-OHI
L91-90-OHI
991-90-OHI
¥91-90-OHI
291-90-OHI
8S1-90-DHI
LS1-90-OHI
9S1-90-OHI
¥S$1-90-OHI
€51-90-DHI
0S1-90-OHI
6¥1-90-OHI
8¥1-90-DHI
L¥1-90-OHI
9%1-90-OHI
S¥1-90-DHI
€V1-90-DHI
T¥1-90-OHI
1¥1-90-DHI
S€1-90-DHI
¥€1-90-OHI
€€1-90-DHI
1€1-90-DHI
0€1-90-OHI
8C1-90-DHI
LT1-90-OHI
9C1-90-OHI
SC1-90-DHI
¥C1-90-OHI
€C1-90-DHI
CC1-90-OHI
1C1-90-OHI
0C1-90-OHI
811-90-DHf
S11-90-DHI
€11-90-DHI

POYIRIN
[eonkreuy

syun
JoqunNo[dueg

123
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