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Kennecott Canada Exploration Inc. 
Irishman Creek Project - 1997 

Samples for petrographic analysis 

JR 74217 

dR 74218 

JR 74244 

i/R 74245 

JR 75451 

JR 75460 

JR 75461 

IR 7547f 

/R 75501 

IR 75502 

Drillholc 
97K-02 

97K-03 

97K-03 

97K-03 

97K-03 

97K-94 

97K-04 

97K-04 

Kg743 

K97-03 

5457870 5566000 297.26 TT- 
5457720 567910 229.31 

5457720 667910 492.15 

5457720 567910 500.59 

5457720 587910 645.09 

5457870 5566000 60.12 

I 1 

54578701 5566OOOl 152.14 

To 1 Description 
50.80 lSphaletlte veinlet. lesser galena. Subvertical vein 

within unaltered biotite q tmdmacke. Peripherally 
does not shcw albitixatioMertcite alteration. Ideas 
on origin ( ie late Cretacwusl remobitiied 

1 PmtemxotC). 
297.32 km-se subhedral white crystal (flake), is this 

feldspar? If so. note that they typically ocour 
uppermost in a bedltutbidite ssquenm and appear 
to be assoctated with proximal detrital input. This 
would likely provide for rat&ion of immature 
mineralcgy, such as feldspar and suggests an 

lenvironment of incmassd activtty. 
504.56 IPresence of white oarnet? This samde is near 

Iupper contact of s&rda interssction~ Thoughts on 1 
lgalena, clsat replacement? 

566.17 IFine submunded whalerhe. possibly strataform yet 
I appears concentrated on one side of mineratiied 1 
Ifracture:is this primary or eptgenetic? 

507.30 hssive s&&ite. lesser aalena intercalated with 
albitized n&sediment. Is&is fragment brecoiaticn 
or clast7 Dtms microscopic view of sulfldes show a 
lineation ivhich may suggest a strataform 
emptacement. or any textural characteristics for 
lgellesis? 

229.37 IDark orav-blue coloration, is this actindite alteration 
lor ret&&t bedding? Light green altered biotite to I 
~chlorite, or muscovite development as well? 

4Q2.35 ITourmaline, on uooer and lower contact is lcwr 
~fractur&a&ated’and migration path for upper 
Icon&t? Is core silidc as well as albitic? 

501.07 i&-v hard, dark Qrav to bleck, tourmaline? Bed 
replacam& f&e clasl enclosed in quartz. is this 
tourmaline? Upper and lower contacts are bed 
parallel. 

345.24 Nature of mineralization? Observe ovrrhotite and 
Icotticule garnet (7) at base. Spec ’ ’ ulahon on origin. 

SO.20 IPink aranules: garnet I assume or wssibi~ k-spat? 
With &tte/&ite fractures to what degree are they 
sericke? They are quite hard and appear to have a 
hiah albite component. Is matrix albitixed or 
albitic/sillcic? . 

152.39 @,rbmetallic. non-magnetic mineral: ilmenite or ‘72. 



VR 75503 K97-02 

VR 73509 K97-02 

VR 75507 K97-02 

VR 75508 K97-02 

VR 75566 K97-04 

VR 75588 K97-04 

Q439840 984220 378.69 378.77 Coarse, subrounded dark gray fibrous to granular 
granules. They lack vitreous lustre. softness of 
blotite and dsaeawd hardnes often associated 

I lvdth alteration. MnO, actindite? 
5458640~ 5842201 88OQQ 1 881 .OQ ~Potphryobtastic blot&e, pyrrhotite occupies similar 

I I I I sized sites either with biotite or alone. Can this be i 
useudomoruhic develooment or is chernistrv not 

I I&ational? . 
5842201 88.78 I 88.82 IPA-1: Prismatic, hardness aoorox. 9, non- 

cakweous. silky lustre. Is this actindite? This was 
suggested and appears to be a common 
interpretation. However I am wmewhat confused 
as It is frequently noted hundreds of rnetres from a 
mafic source alone with “biotitechltite-alblts 

I I I l&inollten alterat&. 
3458940~ 5842201 347.39 1 347.47 IPA- Is this weak to mcderate tourmalinization? It 

I I I lis atvotcallv hard and disotavs somswhat diffuse as 
I I I 

-. 
opposed td sharp con&s in the qua-. 

34577201 587910~ 877.16 1 877.2 ~Strong albkization, mottled styolitic texture: is this 
I I I I remnant beddino. actindite or gne-feltad 
I I I Itourmaline? To&naline cccurs 1.5m bisection. 

54577201 587910~ 898.39 I 898.44 lBanded quartzitic wacke and wacke. wacke beds 
composed of felted acicular tourmaline as 
reptacement to argillaceous sediment. why is 
tourmaline so bed-selective and why dces 
albitization not affect these beds? Thoughts on this 
occurrenca and possible implications. 

petmg-lrlsh-97.xls 



Vancouver Petrographics Ltd. 
6060 GLOVER ROAD, LANGLEY, B.C. V3A 4P9 
PHONE (604)666-1323 . FAX (604)666-3642 

PETROGRAPHIC REPORT ON 2 THIN SECTIONS FROM MOYIE PROJECT 

Eepw t for : James Ryl ey Invuice *S70647 ..J 
Kennecutt Canada Exploration Ltd. 
C&54 Fort Steele Cemetery Hcaad 
Ft. Steele, B.C. VOB 1NC. sept 10, 1’397. 

vatmw 
PA-l: ICALCITE ?VEIN WITH ~UAHTZ-RIOTITE-SERICITE-EF’IDOTE-ACTINOLITE- 
GARNET-APATITE-SPHENE-OPAQUE ?WALLROC:E AND/OR VEINS 

Described as prismatic, hardness approximate1 y 5, nun-calcareous, 
silky lustre, possibly actinulite; noted hundreds af metres from Q 
mafic Ljcurce along with biutite-chlorite-albite-actinc~li~te alteration. 
Hand sample ir; mainly carbonate (vigorous reaction to talc dilute HCl 
indicate5 calcite:) with minor quartz and a dark green mafic mineral. 
The rock is nut magnetic; there is no stai’ned &ffcut for E-feldspar. 
Madal mineralogy in thin section is approximately: 

Carbonate (mainly calcite) CO% 
Quartz 30% 
Hiatite. 3 % 
Sericite 3% 
Epidote (zoisite/clinozoi5ite) 1% 
Amphibole (‘?actinolite:) 1% 
Garnet 1% 
Chlorite c: 1 % 
Opaque c: 1% 
Sphene .:: 1% 
Apatite .I 1% 

This slide consists mostly af coarse-grained calcite (ubhedral to 
cuhedral crystals that are optically continuous for up to 2.5 cm:). 
Across one end of the section, there is a zone up to 1 cm thi,ck of 
quartz-rich ‘rock (?partly recrystallized Aldridge quartz wacke and/or 
partly quartz vein). Quartz is bimudal in size, with areas of fine- 
grained ((0.3 mm diameter, an- ta subhedral:l crystals that purjeibly 
represent altered wallrock, and areas of coarse, subhedval crystals up 
to 1.7 mm in diameter that likely represent ve’ns. 

1. Finer-grained quartz is mixed in places w th Interstitial garnet 
(skeletal subhedral crystals mainly,less than 0.5 mm in diameter, but 
aopt i u al 1 y ~contincwus for up tu 2.5 mm:) that is pa’rtly al,tered to fine- 
grained sericite and epidnte-group mineral. Minor biwtitr Csubhedral 
flakes tu 0. 1 mm> and patches of sericite (likely after former 
plagioclase feldspar) reinforce the impression that this material 
represents altered Aldridge sediment. The nrigin ctf the garnet, which 
is colourlesc and therefore possibly Mn-rich (this can on1 y be, proven 
by SEM/microprobe analysis an A polished thin section), is enigmatic 
but Could be of exploration significance. 

Y 
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ICoarse biotite Csubhedral, commonly deformed medium brown flakes 
up to 1.5 mm diameter11 is associated with the edges uf the quartz-rich 
areas. In places there is minor subhedral amphibole up to 0. 15 mm in 
diameter, with deep green pleochroism suggesting an actinolitic 
compc~i t i un. Same biotite shcws alteration to green biotite and/or 
#chlorite (chlorite has anomalous blue, length-slew birefringence 
indicating mclderate Fe:Fe+Mg, or F/M, ratio around 0.5~0.G:); biutite is 
commonly associated with fine-grained masses af sericite that ~cculd be 
after fnrmer subhedral ?plagioclase acrystals up to 0.25 mm in diameter, 
and subhedral crystals of Fe-poor epidote-group mineral (non- 
pleochroic; zoisite/clinuzoieite, CO.3 mm in size:). Fi ne-grai ned, sub- 
to anhedral opaque grains are less than 0.1 mm in diameter. Sphene 
forms sub- to euhedral crystals less than 50 microns in size, in places 
aggregating tu about 0.1 mm across. Rare apatite forms euhedral 
prismatic crystals up to 0.2 mm long. 

It is difficult to be sure of the relation between the calcite 
‘?vein, quartz ?veining, minor amphibole and other minerals in this 
sample; in places the mafics Cbiotite, amphibole, epidote, garnet:) 
appear tn be part of a crushed matrix to quart,z;.- elsewhere they appear 
interstitial to ‘?detrital quartz. 

gpSoaR 2: PLASIOCLASE-RICH C?&iLHITIZED) LAYERED FINE QUARTZ-HIOTITE WACKE 
WITH LAYER-PARALLEL CONCENTRATIONS OF MUSUOVITE-?ALLANITE-WHENE-FUTILE 

Described as possible weak tu moderate tourmalinization; hand 
specimen is a layered, dark to light grey sediment that is atypically 
hard and displays somewhat diffuse rather than sharp contacts with 
quartz wacke. The rock is not magnetic and shows no reaction to cold 
dilute HCl or stain for K-feldspar in the etched slab. Nodal 
mineralogy in thin section is approximately: 

0uar.t z Cdetrital :j 40-5-o% 
Plagioclase (?albite:l 2=+35.,. 
Hiotite 10% 
Muscovite, sericite 10% 
Sphene, r-utile 1-x 
‘?Allanite 1% 
Chlorite (after biotite) 1% 
Apatite .< 1% 
Zircon .<:I% .- 

This slide consists of alternating layers af coarser-qrained (average 
0. 1-o. 2 mm) and finer-grained (average about 50-100 mIcrons:i sedi inen.t ; 
the coarser-grained layers are slightly enriched in biotite, causing 
the darker- grey coluur. In both layers, detrital quartz grains are 
anhedral to highly irreguluar in outline; the largest seen are .just 
Cl”t?l 0.3 mm in diameter. F’lagiuclase feldspar is abundant, forming a 
“hash” qcof finer-grained, interstitial material that is rarely cwer 0.15 
mm in dianwter and only in places displays twinning. The relief 
appears to be negative compared to quartz and extinction angle nn 010 
is up to 12 degrees, suggesting an albitic composition. Relative 
propurtiuns of albite and quartz are di .f .f i cul t t cl deter mine -~wi.t h 
precision; there may be more albite than estimated above. There does 
appear to be more albite than normal fur Aldridge wzdiment, suggesting 
that; the unusual hardness of this specimen is caused by significant 
albitization. 
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Hiotite and muscovite form subhedral flakes up to 0.5 and alm,z,c,t 1 
mm in diame-ter respectively; both appear to be partly porpl?yrablac,-tic, 
likely formed during metamorphic recrystallization, The acuarsk 
rnLlScovit@ crystal5 are possibly suggestive of former hydri:,thermal 
alteration; they are best develaped or associated with unu~jrral layer- 
parallel zones wf ‘?allan’t 1 e (Ce- and WE-bearing epidote that forms 
subhedral crystals up tu 0.25 mm long, closely intergrown with minor 
sphene/ruti le and rurrcunded by radiation-damaged chlorite and 
biotite:). Outside these layer-parallel zones, muscovi t e i ST assuc i at ed 
with clusters up tc: 0.2 mm across of sphene and rutile. Sphene 
crystals are subhedral and mainly less than 0.1 mm in diameter, 
commonly rured by dark brown ?rutile as rounded crystallites less than 
25 microns in diameter. Chlorite associated with these layers (and 
replacing bintite away from the layers) has optical characteristics 
typical c0.f low-Fe composition (very pale green, nun-p1 ec~chrni c , length- 
fast, non-anomalous birefringence; F/M may be around 0.4-0.5~. 

Minor apatite Csubhedral crystals to 0.15 mm) and rare zircon 
Ceuhedra to 65 microns) are possibly detrital. Hare quartz veins (.<I:). 1 
mm thick:::) are subparallel to the layering. 

Thi5 is not a tcurmalinite; no taurmaline is detected in thin 
section. It appears to be albitized, and the presence of Icoarse 
porphyroblantic muscovite,, in places ac,saciated with bedding-parallel 
concentratians of ‘?allanite, “ear the contacts between fine-grained and 
coarser sediment, may alc,o be of exploration interest. 

Craig H.H. Leitch, Ph.D., F’.Eng (25,>) &53..?31l=JzJ 
4’32 Isabella Foint Road, Salt Spring Island, H.C:. V8K iv4 



kiincouver Petrographi& ltd. 
8080 GLOVER ROAD, LANGLEY, B.C. V3A 4P9 
PHONE 604) 888-1323 . FAX (604) 333-3642 

PETROGRAPHIC REPORT ON 15 THIN SECTIONS FROM MOYIE PROJECT 

Report for: James Ryl ey 
Kennecott Canada Exploration Ltd. 
6654 Fort Steele Cemetery Road 
Ft. Steele, B.C. VOE 1NO. 

SUMMARY: 

Invoice 970925 

Dec. 13, 1997. 

This is a suite of quartz wackes to fine silty wackes that range 
from unaltered (742151 or weakly muscovite/sericite-carbonate-epidote- 
chlorite altered (742171 to alkali feldspar (K-feldspar and/or albite- 
oligaclase; 75461, 75568) or calcic plagioclase (75460, 77501) altered, 
to intensely silicified or quartz--muscovite/sericite-epidote group 
mineral?chlorite, K-feldspar altered (74218, 74244, 75451, 75502, 
75566) to weak tourmalinite (75503, 75568). Tourmaline forms (25% of 
these rocks, and is generally Fe-rich [green-brown, schorlitic), but is 
distinguished in 75568 by pale brown, more Mg-rich (intermediate 
dravitej composition that is of greater significance to exploration. 
In the latter (755681, it is also layered, rather than with the 
porphyroblastic texture of 75503 that may indicate a hornfelsed 
occurrence near a Moyie intrusive. Samples 75461 and 75566 do not 
contain tourmaline. Other samples thought to be albitic (75460, 75501, 
75566, 755681 are either silicified, K-feldspathized, or contain 
anorthitic plagioclase; details are contained in the individual reports 
appended hereto. 

Semi-massive to massive mineralization (74245, 75478) consists of 
1-3 cm thick layers or ?veins of red-brown sphalerite with lesser 
galena and pyrrhotite plus variable quartz and clinozoisite (Fe-poor 
epidote) in variably quartz-clinozoisite-muscoviteLKspar-actinolite- 
sphene-chlorite-calcite altered wacke. It is not possible to determine 
if this mineralization is syngenetic or epigenetic from thin section 
examination.’ Note the apparent association between mineralization and 
cllnozoisite (white in hand specimen; not garnet as thought in field 
examination). Pink to colourless sieve-textured garnet does occur 
(75451, trace; 75501, major; 75506, trace) but is not associated with 
mineralization. 

The Ti02-bearing mineral is predominantly ephene (with traces of 
rutile) for the suite up to 75501, but then changes to ilmenite (with 
generally subordinate sphene) for the rest of the suite to 75568. 
Minor ?allanite, or REE-bearing epidote-group mineral, is noted in a 
few samples (79461,75503) where crystals are coarse enough to suggest 
hydrothermal remobilization of REE. 

Craig H.B. Leitch, Ph.D., P.Eng (250) 653-9158 
492 Isabella Point Road, Salt Spring Island, G.C. VBK 1V4 
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VR74215: QUARTZ-SPHALERITE+PYRRHOTITE-GALENA VEIN IN UNALTERED WACKE 
Described as subvertical sphalerite-lesser galena veinlet within 

unaltered biotite quartz wacke; no albitejsericite alteration envelope; 
hand specimen shows trace magnetism and reaction to HCl along the vein. 
Traces of K-feldspar (long fractures parallel to bedding; not in the 
vein) are indicated by faint yellow stain in the etched slab. Modal 
mineralogy in polished thin section is approximately: 

Guartz (mainly detrital; vein) 60% 
Biotite 20% 
Sericite 10% 
Feldspar (T’mainly plagioclasel 5% 
Chlorite l-2% 
Epidote (?clinozoisite, allanite) l-2% 
Sphalerite l-2% 
Pyrrhotite 1% 
Tour ma1 i ne <1x 
Gal ena, chalcopyrite <1 

Wallrock consists of fine (SO-75 micron) subhedral quartz, likely 
recrystallized detrital grains, with interstitial white mica (sericite) 
ae euhedral flakes to 50 microns and feldspar (mainly plagiuclase 
although etched slab indicates minor Kspar) to 30 microns; there are 
abundant biotite “neocrysts” of up to 0.2 mm diameter. There are only 
traces of sulfides (pyrrhotite and sphaleritel in the walrock as very 
fine disseminated crystals to about 50 microns in diameter, in places 
concentrated along narrow fractures associated with chloritization of 
biotite and minor epidote. Chlorite forms flakes up to 0.1 mm in 
diameter that are pale green and have weak blue anomalous, length-slow 
birefringence, indicating moderate Fe:Fe+Mg or F/M ratio near 0.5. 
Epidote shows no discernible pleochroism and is likely Fe-poor 
(?clinozoisite). Scattered euhedral crystals of allanite (REE-bearing 
epidote:) up to 0.1 mm in diameter contain minute sphalerite subhedra. 
Rare schorlitic tourmaline euhedra up to 0.15 mm long (green cores and 
brown rims are likely relict detrital and metamorphic overgrowths). 

The vein consists of lenticular concentrations of ephalerite 
enclosing patches of pyrrhotite, and rare galena, in a gangue of quartz 
and minor biotite with selvages of epidote. Sphalerite forms subhedral 
crystals up to about 1.5 mm in diameter, with deep red-brown colaur 
indicating moderate Fe content. Pyrrhotite forms subhedral crystals up 
to 1.2 mm in diameter, almost all contained within the sphalerite; rare 
chalcopyrite subhedra to 0.1 mm are associated with the pyrrhotite. 
Galena is confined around the outer margins of the sphalerite as 
irregularly-shaped masses up to 1 mm across. Rare pyrrhotite occurs at 
the selvage of the vein [separate from sphalerite); traces of 
chalcopyrite occur as fine inclusions in sphalerite at the selvage of 
the vein. I have seen similar veins in Lower Aldridge (Marysville 
outcrop) with biotite-only envelopes; fluid inclusions in them linked 
them to the Proterozoic mineralizing episode. Unfortunately, fluid 
inclusions appear absent from the quartz in this sample, so I am sorry 
that the thin section does not unequivocally answer your principal 
quest i on : is the vein late Cretaceous/remobilized Proterozoic in 
origin. In my view it is unlikely that a petrographic analysis can 
resolve such a question, unless distinctive alteration or fluid 
inclusions are associated with such veining; possibly Pb isotopes would 
help, but they are an expensive solutiOn. 
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VR7.4217: BUARTZ WACKE (QUARTZ-BIOTITE-MUSCOVITE; SERICITE-CARBONATE- 
EPIDOTE-CHLORITE ALTERATION); MUSCOVITE-RICH LAYER WITH SLASTIC ?SPHENE 

Thin section is aimed at identifying coarse subhedral white 
crystal (?flakes), possibly ?feldspar; note that only minor parts of 
the crystals react to HCl, and most appear to be harder than steel. 
The rock is very slightly magnetic but shows no significant stain for 
K-feldspar. Modal mineralogy in thin section is approximately: 

ouartz (detrital) CO% 
Biotite 15% 
Muscovite, sericite 15% 
Carbonate (?mainly calcite) 5% 
Opaques [?mainly pyrrhotitel l-2% 
Epidote l-2% 
Chlorite 1% 
Sphene (1% 
Tour ma1 i ne (1% 
Apatite <I% 

The bulk of this section consists of norm.31 Aldridge sediment (mainly 
detrital quartz with interstitial micas, minor opaques and scattered 
tourmalinel. If there is any feldspar present, I cannot confidently 
identify it by relief difference against quartz. GUartz grains are 
subrounded to anhedral, and fall into two main site ranger: coarse 
grains of about 0.5 mm diameter, with distinct narrow ("JO micron) 
overgrowths, and fine interstitial grains of about 50-100 micron grain 
size. Micas are principally biotite, as subhedral medium brown flakes 
up to about 0.25 mm in diameter, and white mica lmuscovite and sericite 
respectively as euhedral ?detrital or metamorphic flakes to 0.5 mm and 
eubhedral flakes to 50 microns that may reflect the alteration of 
?former minor feldspathic material. In places carbonate (likely mostly 
calcite) appears to accompany sericite in replacing former feldspar. 
Opaques form scattered subhedral crystals up to 0.2 mm in diameter that 
appear to be mostly sulfides (likely pyrrhotite to judge by trace 
magnetism in hand specimen), locally associated with traces of 20-X) 
micron ?epidote and chlorite. Scattered euhedral ?detrital crystals of 
schorlitic tourmaline and apatite are up to 0.1 and 0.05 mm 
respectively. 

A narrow ((1 mm thick) veinlet i's composed of ?alkali feldspar as 
oubhedra to 0.2 mm, likely mostly albitic but possibly including trace 
K-feldspar to judge by the faint yellow stain in hand specimen. Later 
carbonate (?mainly calcite) fracturing is found in and adjacent to the 
veinlet. 

The white "crystals", which are unfortunately only barely cut in 
the thin section, appear to be aggregates of sphene that are present 
only in a fine-grained, muscovite-rich bed that is quite distinct from 
the normal, coarser-grained quartz-rich detritus described above. Ae 
SUC h , it is likely that the apparent coarse size of the white 
"crystals" is due to metamorphic (porphyroblastic) growth from some 
precursor; their seive texture, visible with hand lens, is supportive 
of such an origin. 
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VR74218: INTENSELY EPIDOTE (?CLINOZOISITE)-QUARTZ-SPHENE ALTERED ROCK 
WITH FATCHES/VEINLETS OF GALENA-CHLORITE-PYRRHoTITE-RARE SPHALERITE 

Grey-white, massive, strongly altered rock with wispy patches of 
blue-grey (6~1 fides, including galena and magnetic ?pyrrhotitel and 
lesser brown (biotite), from near upper contact of sulfide 
intersection. The rock is siliceous (harder than steel); white mineral 
may be ?garnet. There is no reaction to cold dilute HCl, and no stain 
for K-feldspar in the etched slab. Modal mineralogy in polished thin 
section is approximately: 

Epidote (?clinozoisitel 65Y . 
Ruartz 30% 
Gal ena 3% 
Sphene 1% 
Chlorite (1% 
Pyrrhotite (1% 
Sphalerite tr 

This slide consists mainly of epidote-group mineral as fine euhedral 
crystals, in places hosted by [poikilitically enclosed in) much larger 
crystals of quartz, or enclosed in a matrix of galena and minor 
pyrrhotite. 

The epidote-group mineral forms euhedral to subhedral crystals up 
to 0.7 mm long that commonly show parallel extinction and have 
relatively low birefringence (first-order grey to slightly anomalous 
ye1 low-green) i this is suggestive of clinozoisite. In places small 
subhedral to euhedral crystals of pale sphene up tn 0.25 mm long are 
included in clinozoisite or in matrix galena or quartz. The abundance 
of sphene suggests derivation from an Aldridge sediment; the euhedral 
crystals and localization, especially along some of the sulfide-bearing 
fractures, suggests remobilization of Ti02, and therefore very strong 
alteration. 

The host quartz forms very large, mainly subhedral crystals that 
are optically continuous for up to 3 mm in diameter. The crystals are 
strained (strung undulose extinction that in places defines a lamellar 
texture) and contain abundant healed fractures evidenced by trails of 
pseudosecondary fluid inclusions. 

Rare chlorite forms subhedral flakes to 0.25 mm diameter in 
rounded pseudomorphs after former ?mafic minerals up to 0.75 mm in 
size. Chlorite displays optical characteristics (very pale green 
co1 our , weakly to non-anomalous “ear-zero birefringence) suggestive of 
lower Fe content (F/M about ?0.4-0.511. 

Galena occurs mainly in interstices between clinozoisite crystals, 
or in narrow (0.1 mm) fractures. The galena farms anhedral masses up 
to 1.5 mm in diameter, composed of smaller ?euhedral crystals (not 
individually discernible in polished section). Fyrrhotite forms 
subhedral crystals up to 0.5 mm long generally included in galend. 
Sphalerite is found a~, red-brown (moderate Fe) subhedra to 0.25,mm. 
only in 61ome of the narrow fractures with galena. 
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VR74244: QUARTZ-SERICITE-ZOISITE-KSPAR-CHLORITE ALTERED FINE SILTSTONE 
WITH FRACTURES OF PYRRHOTITE-TOURMALINE-TRACE SPHALERITE-CHALCOPYRITE 

Dark grey to greenish-buff, fine-grained altered sediment cut by a 
fracture oblique to bedding that cuntains pyrrhotite and reportedly 
fine subrounded sphalerite that may be ?stratiform but is concentrated 
along one side of the mineralized fracture. Minor Kspar is indicated 
by yellow stain in the etched slab, particularly in a fine-grained 3 cm 
thick bed and near the mineralized fracture; there is no reaction to 
cold dilute HCI; modal mineralogy in polished thin section is roughly: 

IJuartz (detrital, ?eecondary) 50% 
Sericite, muscovite 15% 
Epidote-group (?zoisite) 10% 
Pyrrhotite 10% 
Biotite 5% 
Tourmaline (dravite-schorll 3-5x 
K-feldspar (secondary) 3% 
Chlorite [after biotite) 2% 
Sphene, trace rutile 1% 
Chalcopyrite, sphalerite <1x 

The wallrock consists of fine silt-sized (approximately 50 micron) 
quartz grains with lesser interstitial mica (mainly muscovite or 
sericite, but including variable proportions of biotite that is partly 
chloritized in places1 to 75 microns, and significant pyrrhotite, 
epi dote-group mineral , and taurmaline plus minor sphene. The quartz is. 
likely mostly detrital, but some may be secondary, especially in and 
near the fracture system. Former plagioclare sites are replaced by the 
epidote-group mineral, and especially near the fracture/veinlet system, 
sericite and K-feldspar. The epidote-group mineral has anomalous blue 
birefringence, suggesting ?zoisite; it forms ragged to subhedral 
crystals mainly less than 1 mm in diameter. Tourmaline crystals are 
mainly less than 0.15 mm long, with pale brownish-green colour; 
abundance near the fracture system suggests it is mostly hydrothermal. 
Sphene forms mainly euhedral crystals up to 0.1 mm in diameter, rarely 
with euhedral rutile to 25 microns in their core. Pyrrhotite forms 
aubhedra mainly (0.1 mm in diameter, closely associated with ?zoisite. 

In the vein/fracture system, pyrrhotite forms sub- to anhedral 
crystals up to about 0.35 mm in diameter, rarely containing (?altered 
to) minor ?marcasite/pyrite as irregular aggregates up to 0.2 mm in 
diameter. The ?marcasite is localized along the interior of the 
mineralized fracture, possibly due to late-stage but sti 11 ?hypogene 
activity along a re-opening of the fracture. In places pyrrhotite and 
chalcopyrite “bleed off” the fracture system into the bedding, forming 
wispy bed-parallel laminae up to 0.2 mm thick, some containing minor 
sphalerite. Sphalerite is rare in the section, forming subhedral 
crystals up to 0.2 mm in diameter with red-brown colour (indicating 
moderate Fe content) that are closely associated with pyrrhotite and 
tourmaline in the quartz-vein mineralized fracture system. Tour ma1 i ne 
occurs as brownish-green euhedra to 0.25 mm long, probably of Fe-rich 
dravite-schorl composition (F/M perhaps ?0.6-0.71. Minor epidote-group 
mineral (blue anomalous birefringence suggests ?zoisite> forms subhedra 
to 0.1 mm in the fracture system. Both fresh brown biotite (euhedral 
flakes to 0.25 mm) and chloritized relics occur in and along the vein, 
and in places there are traces of sphene (some with cores of rutilel 
associated with the fractures, suggesting mobilization of Ti02. 
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VR74245: MASSIVE SPHALEHITE-GALENA-PYRRHOTITE WITH INTERCALATED WARTZ- 
EPIDOTE~CLINOZOISITE/ZOISITE~-ACTINOLI~E-SPHENE-~HLO~I~E-I~A~BONA~E 

Semi-massive ephalerite, lesser galena and pyrrhotite (rock is 
weakly magnetic) intercalated with white ?albitized metasediment 
(mainly harder than steel; no reaction to cold dilute HCl. Offcut not 
stained for K-feldspar; suggestion of a weak foliation/lineation 
evident in the sphalerite appears to be due to streaking by the saw 
blade. Modal mineralogy in polished thin section is approximately: 

Sphalerite 65% 
Wart2 20% 
Gal ena 5% 
Epidote-group (?Clinuzoisite, zoisite) 5% 
Pyrrhotite l-2% 
Amphibole (?actinolite) 1% 
Sphene, trace rutile 1% 
Chlorite (after biotitel 1% 
Carbonate Cl% 

Massive sphalerite layers are up to 2 cm thick, intercalated with wall- 
rock layers to 1 cm thick and lesser galena-rich lenses to 0.5 cm thick 
(internal to sphalerite layers). Galena-rich areas contain euhedral 
crystals of ?zoisite to 3 mm and quartz to 1 mm ; pyrrhotite appears to 
rim the silicate inclusions in the sulfides. Sphal er i t e masses e.how 
little internal structure (crystals appear to be subhedral and mainly 
less than 0.5 mm in size); there is no indication of lineation, unless 
it is perpendicular to the section. Minor pyrrhotite found along 
discontinuous stringers or layers, and at borders of massive sphalerite 
with wallrock, where it forms subhedral crystals up to 1 mm in size, 
could indicate former ?atratiform layering. However, the pyrrhotite 
(with galend) could also be considered to be along fractures in the 
sphalerite. Note that this distribution could be due to remubilization 
during deformation, since both galena and pyrrhotite deform more 
readily than sphalerite. In general, textural features for genetic 
hypotheses are not likely to be found microscopically in a rock that 
has undergone middle greenschist metamorphism/deformation; hand- 
specimen or outcrop-scales are more likely to preserve such features. 

Altered wall-rock intercalations are similar to the quartz-epidote 
group mineral rich material described in VE74218; feldspar appears to 
be absent from this slide. Wartz crystals are mainly subhedral, up to 
about 0.5 mm in diameter, and show little evidence of strain (lack of 
undulose extinction, triple junctions indicating recrystallization and 
later annealing). Epidote-group mineral forms subhedral to euhedral 
crystals mclstly interstitial to quartz and commonly associated with 
sphalerite/rare pyrrhotite. Epidote-group mineral crystals are less 
than 0.15 mm in diameter, mainly with anomalous yellow-green 
interference colours and lack of discernible pleochroism SuggeStirlg 
clinozoisite (Fe-poor epidote); near the margins of massive sphalerite, 
euhedral crystals to 0.3 mm long have anomalous blue interference 
colours, suggesting zoisi te. In places along the margins of the 
massive sphalerite, sphene is important as euhedra to 0.2 mm in size, 
associated with the ?zoisite. Amphibole forms ragged crystals up tu 

0.7 mm long with deep green pleochroism suggesting actinolite (partly 
chloritized in places). Riotite, mostly interleaved or altered to 
chlorite, forms ragged flakes to 0.25 mm diameter. Rare carbonate is 
interstitial to quartz, forming anhedra less than 0.15 mm in size. 
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VR75451: QUARTZ-RIOTITE WACKE ALTERED PROGRESSIVELY TO MUSCOVITE, 
CHLORITE, ZOISITE/CLINOZOISITE, K-FELDSPAR, AND QUARTZ-ZOISITE 

Bluish-grey, f i ne-gr ai ned, altered sediment, suggested to be due 
to ?actinolite; pale green due to ?sericite or chlorite. The rock is 
siliceous (harder than steel), weakly magnetic, does not react to cold 
dilute HCl but shows minor yellow stain far K-feldspar in certain 
layers. Modal mineralogy in polished thin section is approximately: 

G!uartz [detrital, secondary) 60% 
Epidote-group (?zaiaite/clinozoisitel 20% 
Muscovite, eericite 10% 
Biotite (partly chloritizedl 5% 
Pyrrhotite 2% 
K-feldspar l-2% 
Sphene 1% 
Garnet (1% 

The framework of the rock consists of subhedral quartz crystals, likely 
mostly detrital grains mainly less than 0.15 mm in diameter, but also 
mostly recrystallized and possibly added to by secondary quartz; it is 
hard to be cure at this grade of metamorphism unless the secondary 
quartz is distributed along obvious zones or fractures (some of which 
are present in this sample, up to 0.5 mm thick). 

Interstitial to the quartz is abundant fine-grained epidote-group 
mineral and muscovite likely after the original feldspar content of the 
rock, or in other areas pale brown biotite, and rare garnet. The 
epidote-group mineral has no pleochroism and low, anomalous blue 
birefringence; it is likely zoisite, forming ragged to subhedral 
crystals mainly less than about 0.15 mm in diameter. Sericite forms 
aubhedral flakes to 75 microns in diameter. Riotite occurs as ragged 
subhedra to 0.5 mm with a washed-out appearance due to partial 
chloritization and/or interleaving by muscovite (sericite). Chlorite 
displays optical characteristics (very pale green colour, weakly to 
non-anomalous near-zero birefringence) suggestive of moderate Fe 
content (F/M about ?O.S). Sphene forms small euhedral to subhedral 
crystals mainly less than 0.1 mm in diameter; garnet forms ragged 
sieve-textured crystals less than 1 mm across. 

Disseminated pyrhotite is common throughout, mainly as sub- to 
anhedral crystals up to 0.5 mm in diameter, locally aggregating to 1 mm 
and closely associated with chloritized biotite, zoisite and sphene. 
Traces of chalcopyrite (to 0.1 mm) are found included in pyrrhotite. 

Veinlets mainly less than 0.25 mm thick consist of zoisite and 
lesser sericite, with an inner envelope that contains minor &-feldspar 
(anhedral interstitial crystals to 75 microns). Blue-grey alteration 
envelopes around the veinlets are irregular and appear to be enriched 
in zoisite or clinozoisite; beyond this, muscccwite/sericite and relict 
biotite appear to be more important, although zoisite is also present. 
The association of epidote (in this case zoisite or clinozoisitel, 
sericite, ephene and garnet with sulfides is typical of alteration in 
the peripheral North Star Hill area near the Sullivan deposit. 
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VR75460: TOURMALINE-QUARTZ-ZOISITE VEIN WITH INNER K-SPAR AND OUTER 
ZOISITE-SERICITE ENVELOPES CUTTING OUARTZ-CALCIC PLAGIOCLASE WACKE 

Tourmaline-bearing quartz vein about 1 cm thick in pale grey, 
fine-grained quartz-rich wacke; white alteration envelope up to almost 
1 cm thick, with inner envelope containing minor yellow stain for K- 
feldspar; etched slab shows a selvage on one side of the vein rich in a 
blue-grey mineral (?zoisite as in 75451:). The rock is not magnetic and 
shows no reaction to cold dilute HCl. Modal mineralogy in polished 
thin section is approximately: 

Quartz [partly secondary1 757 . 
Epidote-group (?zuisite) 15% 
Tourmaline (mainly vein) 5% 
Sericite 3% 
K-feldspar (secondary) 1% 
Sphene <1X 
Pyrrhutite, trace galena (1% 
Carbonate (1% 
&tile (1% 

Wallrack consists mainly of interlocking quartz and interstitial 
epidote-group mineral plus minor sericite and sphene, or further from 
the vein, calcic plagioclase takes the place of the epidute. 

In the wallrock, quartz forms anhedral crystals mainly less than 
0.3 mm in diameter with a recrystallized, partly overgrown look that 
suggests some of the quartz is secondary. Distal from the vein, finely 
twinned ?plagioclase has strong positive relief compared to quartz and 
is likely very calcic (possibly anorthite; this composition is likely 
secondary, and implies addition of calcium to the rock, as does the Fe- 
poor, Cd-rich epidote group mineral). Low, weakly blue anomalous 
birefringence suggests that the epidcate-group mineral is zoisite, 
mostly present in the same sites as plagioclase, where it forms sub- to 
anhedral crystals mainly less than 0.1 mm in diameter but aggregating 
to 0.25 mm and associated with minor sericite and ephene. Bath zoisite 
and sericite appear to form at the expense of (replace) plagiuclase; 
this is responsible for the wide white envelope to the vein. An inner 
envelope contains minor K-feldspar as subhedral crystals less than 75 
microns in size, that also occupy the interstices between quartz 
crystals and may take the place of plagioclase and sericite. Rare 
coarse tourmaline crystals are up tu 0.4 mm lung (brown cores with 
bluish rims suggests very Fe-rich composition, F/M possibly O.B-0.33. 

The vein consists of altnerate laminae of tourmaline and quartz on 
one side, and massive quartz with a selvage of zoisi,tu on the other. 
The tourmaline is finely felted (euhedral crystals mainly less than 0.1 
mm long, but in places elongated needles up to 0.5 mm:). Quartz farms 
mainly coarse, anhedral to subhedral crystals that are optically 
continuous for up to 4.5 mm (poikilitically enclosing tourmaline 
crystals or free of tourmaline, in alternating layers). The colour , a 
medium brown with tinges of green, suggests fairly schorl-rich 
composition with F/M possibly near 0.7. Rare opaques in the vein 
include lath-like rutile to 0.75 mm long, mainly coated by sphene 
(implying mubilizaion of TiOZ), and minor pyrrhutite as subhedral 
crystals to 0.~ “5 mm diameter associated with trace ?galena tu 25 
microns. The zoisite selvage consists of felted, radiating sheaf-like 
crystals up tn 0.5 mm in diameter that are cut by narrow fractures of 
carbonate, likely late (?post-metamorphic). 
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VR75461: ALKALI FELDSPAR (KSPAR-ALBITE)-MUSCOVITE-CHLORITE ALTERED 
SEDIMENT CONTAININS MINOR TOURMALINE, CUT BY CALCITE-CHLORITE FRACTURES 

Dark grey to blue-grey, fine-grained, very hard layer or ?bed 
replacement in coarser-grained, grey quartz-rich wacke. Late 
microfractures react to HCl; the rock is not magnetic but stains 
strongly for K-feldspar throughout. Modal mineralogy in polished thin 
section ia approximately: 

Wart2 35% 
K-feldspar (?secondary) 35% 
Muscovite (sericite) 157 
Plagioclase C?albite) 7; 
Chlorite 3% 
Rut i le, sphene 1-W . 
Carbonate 1-Z 
Tour ma1 i ne 1% 
Pyrrhotite (1% 
?A1 1 ani te (1% 

This is (in my experience) an unusual rock for the Aldridge. Al though 
minor tourmaline is present in places, I would not characterize the 
rock as a ‘tourmalinite”. It is composed mainly of alkali feldspar as 
a microcrystalline matrix that hosts, relict ?detrital quartz grains, 
patches of muscovite/seri.cite, chlorite flakes, rutile, and “Iallanite. 

The feldspathic matrix consists largely of K-feldspar as sub- to 
anhedral crystals to 0.3 mm diameter, although in places subhedral 
crystals and partly replaced ?relics of twinned albite up to 0.2 mm in 
diameter are visible contained within the Kspar. Relief of the 
plagioclase below that of quartz and only slightly above that of Kspar, 
plus extinction on 010 near 17 degrees, suggests a composi t ion near 
Ano. Wartz grains are generally sub- to anhedral, up tao about 0.15 mm 
in size, and are poikilitically enclosed in the alkali feldspar matrix; 
the quartz may represent remnant detrital grains. 

Irregular patches up to 0.35 mm across composed of mica (mainly 
ragged to subhedral muscovite up to 0.15 mm in diameter, or finer 
sericite of (50 microns diameter> are partially interstitial to the 
alkali feldspar crystals, or could represent ?altered plagioclase 
sites. The micaceous patches commonly include minor amounts of 
chlorite as subhedral flakes to 0.1 mm diameter, possibly after former 
“2biotite. Chlorite displays optical characteristics (pale green 
pleochroism, weakly to non-anumalous length-slow birefringence) 
suggestive of F/M about 30.5, and is mixed with minor rutile, sphene 
and ?allanite as very fine subhedral crystals (S-15 microns:) that 
aggregate to Cl.25 mm in places. Scattered euhedral tuurmaline crystals 
up to 0.15 mm long are greenish-brown, schorlitic (F/M possibly to 0.7) 
and could be mostly ?detrital. Allanite C?) crystals are up to 60 
mi.crons long associated with carbonate (mostly calcite subhedra to 0.1 
mm) and chlorite-rich fracture zones or veins up to 0.5 mm thick. 

Fine-grained pyrrhotite is rare, disseminated in the wallrock and 
mainly confined to fractures in the envelope; pyrrhotite is mostly sub- 
to anhedral and less than 0.5 mm in diameter, locally aggregating to 1 
mm in the envelope. Rutile is the main Ti02 mineral, forming subhedra 
to 35 microns, locally mixed with sphene [aggregates to 0.2 mm). 

One possible explanation for this rock (to account for the Kspar) 
is that it represents a “granophyritized” sediment (generally found 
near a Moyie sill). The ?clast appears to be quartz-rutile rich. 
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VR75478: SPHALERITE-GALENA-PYRRHOTITE-IXJARTZ-CLINOZOISITE ?LAYER OR 
VEIN IN QUARTZ-MUSCOVITE-CHLORITE-KSPAR ALTERED FINE GUARTZ WACKE 

Sphalerite-galena-pyrrhotite ?layer or vein about 3 cm thick, 
thought tu contain "coticule" (garnet-rich) layer or layers aerjociated 
with the mineralization. However, the thin section shows that this is 
actually epidote (clinozaisite-zoirite) as in 74218, 44, 45 and 75451 
and 60. The rock is magnetic but shows only trace ?reaction to cold 
dilute HCl, and trace stain for K-feldspar in the etched slab. Modal 
mineralogy in polished thin section is approximately: 

Sphalerite 40% 
Quartz (mainly detrital) 30% 
Muscovite, sericite 10% 
Chlorite 5% 
Clinozoisite, zoisite 5% 
Gal ena 5% 
Pyrrhotite 3% 
Sphene <I% 
K-feldspar (?secondary> <1x 
?Arsenopyrite tr 

The massive sulfide layer (or ?vein) consists of a central sphalrrite 
layer about 1 cm thick that is mixed toward the edges with increasing 
amounts of galena and pyrrhotite. The sphalerite, which is red-brown 
in colour (moderate Fe content), forms sub- to euhedral crystals mainly 
less, than 1 mm in diameter. Both galena and pyrrhotite are mainly 
interstitial to sphalerite, forming intergrown sub- to euhedral 
crystals rarely up to 1.5 mm in diameter that extend out into wallrock 
where they appear to replace interstices between quartz grains. Gal ena 
is semi-massive along one side of the sphalerite mass and mainly absent 
along the other margin; pyrrhotite occurs in both the sphalerite and 
the galena. Rare euhedral arsenopyrite is up to 0.5 mm across at the 
margins of the sphalerite; chalcopyrite is notably absent from the 
assemblage. 

Irregular pockets up to 1 cm in size found along the margins of 
the sulfide layer/vein consist of aggregates of coarse, subhedral 
quartz to 3 mm and euhedral clinozoisite to 0.7 mm (likely the material 
tentatively identified as garnet in hand specimen examinationl, plus 
rare euhedral pale brown mica <muscovite/phlogopitel. 

Wallrock consists of a relatively fine-grained detrital quartz 
framework with interstitial micas (muscovite-scricite and chlorite, the 
latter possibly after ?biotite, plus clinozoisite/?zoisite:~. ouartz 
grains are mainly anhedral and rarely up to 0.6 mm long, in places 
polygonalized suggesting some secondary quartz activity. Muscovite 
forms subhedral flakes rarely over 0.1 mm in diameter; chlorite flakes 
are ragged subhedra to 0.3 mm associated with subhedral clinozoisite 
and '?zoisite to 0.1 mm and sparse sphene to 50 micr.ons. Rare feldspar 
appears to be ?Kspar (eubhedral, 40.1 mm). Chlorite displays optical 
characteristics (very pale green colour/no pleochroism, near-zero 
birefringence) suggestive of lower Fe content (F/M about 30.41. There 
are no clear indications that the alteration minerals (likely replacing 
former interstitial detrital feldepars) are more concentrated near the 
sulfide layer/vein, as in an alteration envelope. However, there are 
also no clear indications in the sulfide mass of primary (synyenetic2 
textures either , so the origin of the sulfides remains enigmatic. 
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VR75501: SILICIFIED, CLINOZOISITE-CHLORITE FRACTURED, GARNET, BIOTITE 
CA-PLAGIOCLASE BEARING QUARTZ WACKE; CLOTS PYRRHOTITE-ZOISITE-SPHENE 

Pale grey to buff-coloured altered wacke with pink T’yarnet 
granules, brown biotite and white to pale greenish fracture envelopes 
that may be albite and ?minor sericite. The rock is not magnetic and 
shows no reaction to cold dilute HCl, and only trace stain for K- 
feldspar along the fracture envelopes in the etched slab. Modal 
mineralogy in polished thin section is approximately: 

IJuartz (partly secondary) 60% 
Plagioclase (calcicl 10% 
Garnet 10% 
Clinozoisite, zoisite 10% 
Chlorite 3-x 
Biotite 3% 
Pyrrhotite 1-x 
Muscovite 1% 
Sphene (1% 
K-feldspar (secondary1 <I% 

Where least altered, the rock consists of an intergrown mosaic uf 
quartz crystals with interstitial plagioclase, clinozoisite and biotite 
that in places hosts subhedral sieve-textured garnets. Much of the 
quartz appears to be secondary (abundant, sub- to euhedral pal ygonal 
crystals to 0.35 mm diameter that may have overgrown and partly 
obscured the original detrital quartz]. Interstitial plagioclase forms 
small sub- to anhedral twinned crystals less than 0.1 mm in diameter, 
with extreme positive relief against quartz indicating very calcic 
composition (?poesibly anarthite). As at the ForEi occurrence, this is 
very likely a secondary composition; note the occurrence with Fe-poor, 
Cd-rich epidote (clinozoisite), which forms subhedral crystals to 0.2 
mm alsu in interstices between quartz. Biotite forms scattered sub-- to 
euhedral pale brown flakes up to 0.3 mm in diameter; muscovite or 
sericite appears to be confined to areas around “clots” as ragged 
subhedra to 50 microns. 

In places the clinozoisite is concentrated in “clots” up to 2 mm 
across, associated with sulfides, sphene, muscovite and rare chlurite. 
Sphene forms mainly euhedral crystals up to 0.1 mm in diameter; 
chlorite forms ragged crystals with near-zero birefringence and 
virtually no colour (F/M probably 0.4), that in places clearly replace 
or interleave biotite. ISarnet “crystals” are really ragged aggregates 
up to about 1.5 mm in diameter, of small granules or crystals to 0.5 mm 
diameter, that appear to replace the matrix between quartz grains. In 
a (1 cm thick zone crossing the slide, the garnets are associated with 
coarse eubhedral secondary quartz to 2 mm, intergrown with clinozoisite 
to Cl.5 mm, chloritized biotite to 1 mm, minor sphene and sul fides. 

The fracture zones are characterized by increased clinozoisite or 
zoisife (not albite), forming interconnected subhedra mainly less than 
0.1 mm in diameter, and with chloritization of biotite (these two 
minerals account fur the pale green colour). Thus there is no albite 
in this sample and very little sericite. 

Sul f ides, mainly pyrrhotite as subhedral to.5 mm crystals in 
irregularly-shaped aggregates up to 1.5 m across, are loosely 
associated with the zone of garnets in the middle of the slide, but not 
with the fracture zones. No base-metal sulfides are noted in the 
surface of the polished section. 
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VR75502: SILICIFIED, ALHITE/OLISOCLASE-MINOR SERICITE-CALCITE-ZOISITE- 
HUTILE ALTERED/STOCKWOREED QUARTZ WACKE CUT HY ICALCITE-ILMENITE VEIN 

Pale grey, siliceous quartz wacke containing bladed submetallic 
non-magnetic mineral up to almost 1 cm in diameter, lucalized in a cm- 
thick carbonate vein (vigorous reaction to HCl). The rock is not 
magnetic and shows no stain for K-feldspar in the etched slab. Modal 
mineralogy in polished thin section is approximately: 

Quartz (detrital and secondary:] 65% 
Plagioclase C?oliguclase-albitel 20% 
Carbonate (vein) 10% 
Sericite 2-3X 
Ilmenite l-2% 
Rutile, rjphene <l% 
?Zuisite <1x 
?Pyrite or marcasite tr 

The vein of interest in this sample consists mainly of coarse carbonate 
(likely all calcite to judge by the reaction in hand specimen), forming 
sub- to euhedral crystals that are optically continuous for over 1 cm 
and are characterized by bent twin lamellae [especially at the margins 
af the vein). The vein contains coarse bladed laths of ilmenite up to 
almost 1 cm long (broken in places along their length by ?remubilized 
calcite>. In places the.ilmenite is associated with smaller crystals 
(euhedra to 0.25 mm:1 af dark brawn rutile and traces of sulfide as a 
lacey filigree of minute crystals to 10 microns (possibly pyrite or 
?marcasitel. I cannot recall seeing such an occurrence before in the 
Aldridge; the veining appears late (quartz veinlets are cut by the 
carbonate-ilmenite-rutile vein). 

The wallrock consists principally af interlocked quartz and 
intersitial plagiuclase feldspar plus minor sericite, traversed by 
numerous narrow veinlets composed of quartz and plagiuclaee in about 
the same proportidna as the host. Quartz grains in the wallrock are 
<CO.3 mm in size, predominantly subhedral to anhedral, and likely mustly 
originally detrital but partly recrystallized by silicification 
accompanying the stackwork of quart z-plagioclase veinlets. 
Interstitial feldspar crystals are sub- to anhedral and appear to have 
little or slightly negative relief compared to quartz, suggesting 
cumpusition in the uliguclase-albife range; they show no twinning and 
are partly altered to fine sericite (5-30 micron flakes). Rut i 1 e and 
sphene form aggregates to 0.1 mm diameter composed of minute euhedra to 
20 microns. 

In the veinlets, quartz forms interlocking subhedra to 0.6 mm 
diameter with lesser subhedral twinned plagiuclase (negative relief 
compared tarn quartz indicating albite-uligoclase composition). In 
places, especially near the major calcite vein, minar carbonate 
C’?calcite) to 50 microns accompanies the narrow veinlets, and rare 
epidote-group mineral C?zoisite, with grey to blue anomalous 
birefringence) is also seen near the veinlets. 

This appears to be a silicified, albite/oligoclase-minor sericite- 
calcite-rare zoisite altered and stockworked quartz wacke, cut by a 
major vein of calcite-ilmenite +/- rutile. 
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VR75503: WEAK TOURMALINITE (CLUSTERS OF SCHORL WITH MINOR CHLORITIZED 
RIOTITE-CLINOZOISITE/ALLANITE-ILMENITE, IN QUARTZ-PLAGIOCLASE MATRIX) 

Described as containiny coarse, subrounded dark gray fibrous to 
granular granules that lack vitreous luster, the softness of biotite 
and decreased hardnes generally associated with alteration: possibly 
could be ‘?MnO car actinnlite. However, thin section analysis shows that 
they are tourmaline and thus this rock might be classed ao a weak 
tourmalinite. The rock is not magnetic and shows only trace reaction 
to cold dilute HCl; there is no stain for K-feldspar in the etched 
slab. Modal mineralogy in polished thin section is appruximately: 

Ruartz (partly secondary) 40% 
Plagioclase C?oligoclase-albite) 35% 
Tourmaline Cschorliticl 20% 
Biotite (partly chloritized) 2-3% 
Clinozoisite, ?allanite l-2% 
Ilmenite 1% 
Sphene tr 

Tuurmaline in this slide forms subhedral crystals rarely over 0.25 mm 
long, but commonly in irregular, rounded aggregates or “clots” to 1.5 
mm diameter, or rarely lath-shaped ?pseudomorphs up to 2.5 mm long. 
Dark greenish-brown pleochroism (green cores, brown rims) indicates 
high Fe content (F/M perhaps as high ae 0.8-0.9, i.e. s&churl). In 
places minor brown biotite and colourless clinozoisite (Fe-poor 
epidote:) are associated with the tourmaline clots, forming subhedral 
crystals to Cl.3 mm and 0.1 mm respectively; there may be some ?allanite 
in place of clinozoisite locally. The biotite is commonly partly 
chloritized (subhedral flakes to 0.2 mm with optical characteristics 
such as pale green pleochroism and weakly anomalous birefringence 
indicating moderate Fe content, F/M around 0.5). Traces of sphene (to 
30 microns) are associated with the chloritized biotite. 

The clots of tourmaline contain or are closely associated with 
fine crystals uf ilmenite as sub- to euhedra up to 0.1 mm in size. The 
form of the tourmaline clots is suggestive of replacement after 
‘?biotite or ‘some other mineral; the high F/M ratio could be indicative 
of recrystallization around a Moyie intrusive. 

The matrix to the clots is difficult to be sure of, but most 
likely consists of interlocking quartz (subhedra to 0.3 mm diameter) 
and interstitial plagioclase feldspar (sub- to anhedra mainly less than 
0.1 mm). Although the bulk of the quartz is likely originally 
detrital, it appears to be significantly recrystallized and may be 
partly to largely secondary. The plagioclase is difficult ta quantify 
due to its slight (lower) relief difference compared to quartz, but it 
is commonly distinguished by incipient clay alteration. It may be 
about oligoclase-albite in composition, and could be in part secondary 
in origin. The proportions given above are estimated from the etched 
slab, in which quartz is grey and plagioclare is etched white. 
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VR755OS: QUARTZ-?OLIGOCLASE WACKE, PARTLY SILICIFIED AND WITH BJOTITE- 
PYRRH~TITE-SPHENE/ILMENITE+/-CHALCOPYRITE-~AF:S~NATE ~~cLoTs~~ 

Pale gray siliceous sediment with clusters or porphyrublasts of 
biotite, ecame uf which contain minor sulfides (mostly magnetic 
pyrrhcntite). The rock shows no reaction to cold dilute HC:l, and no 
stain for K-feldspar in the etched slab. Modal mi nerd1 ogy in pol i shed 
thin section is approximately: 

Quartz (partly secondary) 50% 
Plaginclase (‘?uliguclase) 40% 
Hiotite (partly chluritized) 57% 
Pyrrhotite 1-X 
Sphene, ilmenite 1% 
Apatite (1% 
Chalcopyri te Cl% 
Carbonate c: 1% 

This sample is composed mainly of quartz and plagioclase (virtually 
indistinguishable except in etched slab, where quartz is grey and 
plagioclase etches white), hosting scattered clots of biotite (some 
with pyrrhotite) and a few sieve-like garnets. 

Lluartz grains are mostly subhedral and less than 0.2 mm in 
diameter; they likely represent detrital grains that have been partly 
to largely recrystallized by secondary quartz. This is especially 
obvious in and near the clots, in which coarse subhedral secondary 
quartz crystals are up to 0.75 mm in diameter. Plaginclase crystals 
are mainly not discernible in thin section due tu lack of any twinning 
and identical relief compared tu quartz. The plagiaclase compusitiun 
is thus probably about oligaclase (Anrro-ao:t. The etched slab indicates 
that they are generally somewhat finer than quartz, at about 0.1 mm in 
maximum diameter. In places their presence is indicated by minor 
alteration to incipient ?clay particles of a few microns diameter. 
Scattered medium brawn crystals uf biatite are also found interstitial 
to quartz/plagioclase as well as in the clots. Traces of ?apatite form 
minute sub-to euhedral crystals up to 20 microns in diameter between 
the si 1 icates. 

The clots contain subhedral to ragged biotite up tu 1 mm in 
diameter and subhedral pyrrhutite to 0.5 mm, plus, lesser sphene to 0.23 
mm (in places containing subhedral ilmenite to 0.1 mm and tracers of 
pyrrhot i tr to SO microns). Minor garnet is associated with sckme of the 
sphene+/-ilmenite aggregates, cw uccurs as separate clusters of 3%1OO 
micron subhedra, farming sieved aggregates up to 2 mm in diameter. 
Hiotite is rarely altered to colourless (low Fe) chlorite, probably 
with F/M near 13.4. Rare chalcupyrite (subhedra tu 0.15 mm:1 is included 
in pyrrhotite; rarely, carbonate as subhedra to Cl.25 mm is associated 
with the sulfides/axides in the clots. 

The loose association between biotite and pyrrhotite probably 
relates to the increased availability nf Fe in those sites compared ta 
the general rock; this is cornmanly true wf any al.tered rock, in which 
mafic sites are the usual hosts to sulfides and oxides. Thus in a 
sense the pyrrhotite is pseudomwphing the mafic sites, because of 
their unique chemistry (I’m not sure if this answers your question 
adequately). 
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VR75566: SILICIFIED, SERICITE-CLINOZOISITE ALTERED QUARTZ WACKE WITH 
FRACTURE ENVELOPES OF K-FELDSPAR 

Pale to dark grey, altered rock with mottled texture (described as 
stylolitic); fracture envelopes contain minor secondary K-feldspar, 
indicated by pale yellcw stain in etched zlab. The rack is not 
magnetic and shows no reactiun ta cold dilute HIX. Modal mi nerd1 cogy in 
polished thin section is approximately: 

char t 2: (partly secondary) 70% 
Sericite (?after feldspar) 15% 
Pl agi oc 1 a5e 5% 
Clinozoisite 5% 
E-feldspar (secondary> Z-3% 
Sphene/ilmenite 1-Z 
Pyrite (1% 
Tourmaline C?detrital) (1% 
Zircon C?detrital) tr 

This sample consists mainly of quartz and interstitial sericite or 
sericitized/epidotized plagioclase, cut by fractures in which secondary 
K-feldspar is important. 

In general, quartz forms anhedral, mainly d&vital grains up to 
about 0.3 mm in diameter that are strongly strained rather than 
recrystallized (development of strong undulose extinction, lamellar 
structures instead of the polygonal crystals seen in some other samples 
in this suite). It is possible that at least part of the quartz is 
secondary. Interstitial areas are filled by sericite, epidote-group 
mineral, sphene and some relict plagioclase, suggesting that formerly 
more extensive plagiuclase has been mostly replaced by the secondary 
minerals. Relict plagioclase shows ?negative relief against quartz, 
suggesting a composition near ?albite-aliguclase; it forms subhedral 
crystals or possibly detrital grains mainly less than 0.1 mm in 
diameter. However, the main alteration feature of this sample is not 
albitization but rather mainly sericitization, and minor K-feldspar. 
The reason for the dark mottling is not readily apparent in thin 
section, but may relate to variable abundances of the clinozuisite. 
The roc1:: is not tcut-ma1 inized. 

Sericite forms ragged subhedral flakes mainly lees than about 50 
microns in diameter. The epidote-group mineral has low, weakly 
anomalous birefringence that suggests a low Fe content Cclinozuisite or 
z 10 i s i t e 1) . The crystals are generally anhedral and lers than 0.2 mm in 
size, and are closely associated with sphene. 

Throughout the slide, these .fine sub- to euhedral crystalrj of 
sphene (aggregates to about 0.25 mm in diameter) are common, generally 
containing intergrown ilmenite (sub- .to euhedral crystals to 0.1 mm in 
size:l. Rare sulfides include coarse euhedral pyrite crystals to 1.75 
mm in diameter and traces of chalcopyrite as subhedra to 20 microns. 
There are rare very narrow (10-15 micron thick:) fracture fillings of 
pyrite. Rare euhedral tuurmaline crystals (greenish-brown, schorlitic, 
tu 0.1 mm3 and ?zircan crystals are up to 60 microns long, and are 
probably detrital. 
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VR75560: LAMINATED QUARTZ-POOR, K-FELDSPAR AND TOUWIALINE-RICH WAWE; 
ILMENITE/SF’HENE RICH INTERHEDS; MINOR MUSCOVITE-PLAOIOCLASE-EF’IDOTE 

Described as banded quartztitic wacke and wacke, wacke beds 
composed uf felted acicular tcurmaline as replacement of aryillaceous 
sediment. Tcurmaline is so bed-selective because ctf precisely the 
feature that you note: it can only form in argillaceous beds since it 
is such a highly aluminous mineral, and A1203 does not travel well in 
snlution. In other words, the solutiun cannot dissc~lve or carry enough 
alumina to form tourmaline, and so the host rock must supply the 
alumina. Obviously a quartz-rich bed is ill-equipped to do sco, but the 
argillaceuus beds are well-equipped. In the Sullivan area, taurmaline 
and albite are mutually exclusive (,albite always replaces tourmaline); 
however, in other areas such as FinJay- Creek, the two commonly occur 

together. In this sample, the etched slab indicates extensive K- 
feldspar (probably secondary), especially in the quartz wacke layers: 

K-feldspar C’?secondary:) 40% 
QLmrtz 30% 
Tour ma1 i ne 20% 
Muscovite 5% 
Plagioclase (relict) 1-m 
Ilmenite l-2% 
Epidate-group mineral 1% 
Sphene ‘; 1% 

This sample consists largely of K-feldspar, not albite; even the us~\al 
quartz framework appears to be lacking, pussibly partly replaced by the 
potassium feldspar. K-feldspar is likely mostly microcline to .judge by 
the grid twinning; it forms mainly subhedral interlacking crystals af 
less than 0.2 mm diameter. C!uartz varies from subordinate to ma.jor 
from layer tu layer, inversely with K-feldspar; grain size is generally 
finer than the feldspar, in the 0.1 mm range. Strong grain size 
variations are noted from the coarse feldspathic layers tu the finer 
quartz-rich layers. 

Tour ma1 i ne is abundant, forming slender euhedra up to about 0.5 mm 
in length that are waneuhat concentrated in certain layers up to 1.5 mm 

thick, notably associated with the coarse E-feldspar and with swnewhat 
mar abundant plagioclaee Csubhedral, Cloudy crystals to 0.2 mm). Nate 
that this tourmaline, which is likely hydrothermal in origin, is pale 
brown iand uniform) in ~zalour, the lack of coloLlr/C:c~mpClrjitinnal zoning 
*w.cggesting a non-detrital origin and the colour an F/M ratio near ‘?O.C, 
less Fe--rich than the commonly observed detrital tourmalines. In ather 
thinner layers (less than 0.5 mm thick), marked by cnncentrations nf 
ilmenite, tourmaline is also somewhat concentrated. Ilmenite forms 
small tabular subhedra up to 0.15 mm long, in part rimmed by sphene; it 
appear5 that these concentrations uf ilmenite mark the ‘?bc~ttoms of 
individual beds (the sites drnf heavy-mineral concentrations), whereas 
tourmaline is concentrated in the more argillaceaus tops of beds just 
below the ilmenite laminae. There are no sulfides. 

Muscovite forms euhedral flakes to about 0. 15 mm diameter, 
possibly enriched in the same layers as tcurmaline and tiny (30 micrW7) 
apat i te euhedra. Minor amounts of epidote-group mineral C?zoisite or 
clinozuisite) form ragged anhedra to 0.1 mm in interstitial sites. 
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Gravity Survey Procedures and Raw Data 



SUMMARY REPORT 

on a 

GRAVITY SURVEY 
conducted on the PANDA AREA of the 

MOYIE PROJECT 
Near Cranbrook, British Columbia 

PROPERTY : SW of Cranbrook, British Columbia 
: UTM Zone 11 Easting: 566000 - 569000 
: UTM Zone 11 Northing: 5456000 - 546 1000 

SURVEY PERIOD : October 9 to October 12, 1997 

WRITTEN FOR : Kennecott Canada Exploration Inc. 
200 Granville Street, Suite 354 
Granville Square 
Vancouver, British Columbia, V6C 1 S4 

WRITTEN BY : Tam Mitchell, AScT 
QUADRA SURVEYS 
200 - 8191 River Road 
Richmond, British Colombia, V8X 3X9 

GEOPHYSICAL INTERPRETATION : None 

DATED : November 6, 1997 

. . 



SUMMARY 

An infX gravity survey was conducted in the Panda Basin portion of the Moyie area to 

tiuther define an area of specific interest, which was identified in a 1996 gravity survey. 

The property hosts a geological terrain known to be prospective for sedex type deposits. The 

purpose of the work was to define possible mineralized zones and geologic structures in the 

area. 

The gravity survey was conducted primarily on foot on uncut lines over the target area. 

Gravity measurements were carried out using a Scintrex gravity meter. The station locations 

were obtained with a real time Trimble double differential GPS survey system. Inclinometer 

readings were taken at every station to a distance of 170 meters for terrain corrections. 

The gravity data were corrected for the various influences to yield Bouguer gravity anomaly 

values. A very small calibration factor was applied to match observed gravity values obtained 

from the 1996 survey. 
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INTRODUCTION 
At the request of Kennecott Canada Exploration Inc. an intill gravity survey was conducted 

in, and proximal to, Panda Basin in the Moyie area, SW of Cranbrook BC. The purpose of the 

survey was to further define an area of specific interest which was identified in an August - 

September 1996 survey. 

The survey was conducted by Tam Mitchell, AscT of Richmond, BC with the assistance of 

Zyoji Jackson of Cranbrook, BC. The crew was based at the Hastings Management field 

office at 3380 Wilks Road in Cranbrook. The exploration program was carried out under the 

field supervision of Steven Coombes of Kennecott Canada Exploration Inc. 

The main purpose of the survey. was to locate zones sedex type mineralization. Gravity 

surveying is a very effective tool in locating lead and zinc mineralization, particularly 

because of the high specific gravity of any sulphide mineralization especially that of lead. 

LOCATION and ACCESS 
The property is located to the South-West of Cranbrook approximately defined by UTM 

Zone 11; Easting: 566000 to 569000 and Northing: 5456000 to 546 1000, see figure 1. 

Access to the property was on the Lumberton logging road located approximately IO km 

South of Cranbrook on Hwy. 95. 

-l- 
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SURVEY PROCEDURE 
All gravity readings were tied to the National Gravity Net by a gravity base station 

established in a 1996 gravity survey. The base is located at the Cranbrook field offtce at 3380 

Wilks Road and is marked by a steel spike and identified by a wooden stake with an 

aluminum tag reading: “Gravity Base -101”. Gee-raphic coordinates for the station were 

derived by GPS measurements as 490 32’ 48.07384” N and 11Y 48’ 44.86830” W (see 

figure 2). The station has a National Gravity Net value of 980688.13 a.02 mgal. Field ties 

were also made to the nearest field base used for the GPS base station. A small calibration 

factor had to be applied to match the Scintrex gravity meter being used in the survey with 

the L&R gravity meters used in the 1996 survey, see appendix I. 
. 

All Survey locations were referenced to existing control points set in 1996 and the Real Time 

Kinematic GPS mode was used to detine station locations. 

Tam Mitchell, AScT, of Richmond BC, with the assistance of Zyoji Jackson of Cranbrook 

BC acquired the field data. A total of 37 stations were acquired during the 4 days of the 

survey. 

Stations were accessible by 4 wheel drive, and for the most part, on foot on uncut lines. The 

survey was mildly hampered by inclement weather conditions, with two days of four having 

significant snowfall. 

Inclinometer readings were taken on each gravity station with a Suunto inclinometer to 

provide inner zone terrain corrections in accordance with the Hammer Chart method. Zone B 

inclinometer readings were taken at 0, 90, 180 and 270 at a distance of 9.3 meters from the 

station. Zones C and D were shot at 0,60, 120, 180, 340, and 300 degrees at distances of 35 

and 112 meters respectively. Distances and angles were estimated. 
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INSTRUMENTATION 
GRAVITY 

The gravity readings were taken with a Scintrex CG-3 gravity meter (serial no. 10345) 

manufactured in Concord Ontario. The instrument has a world wide calibration range of over 

7,000 mgaI and a reading resolution of 0.005 mgal. This instrument features a sensor based 

on a fused quartz elastic system. The proof mass is balanced by a spring and a relatively 

small electrostatic restoring force. The position of the mass, which is sensed by a capacitative 

displacement transducer, is altered by a change in gravity. The inherent strength and elastic 

properties of the fused quartz together with stop limits around the proof mass permit the 

instrument to be operated without clamping. Instrument drift is considerably reduced by 

precise thermostatic control of the unit and software correction for residual effects. The 

instrument’s tilt sensors are analog as well as electronic with a resolution of 1 arc second. 

Real time corrections for tilt errors can be automatically made for a range off 200 arc 

seconds. The entire gravity sensing mechanism is enclosed in a vacuum chamber to provide 

isolation from variations in atmospheric pressure. This extremely stable operating 

environment allows the long term drift of the sensor to be accurately predicted, and real time 

software correction reduces it to less than 0.02 mGaMay in theory. The unit can also 

automatically compensate for earth tides. The ETC is generated using the Longman formula 

(gravimetric factor 1.16). 

SURVEYING 

Station locations were surveyed using the Trimble Site Surveyor 4400 system with a Pacific 

Crest radio link. The system used was capable of post-processing rapid static measurements 

with an accuracy of +5 mm + lppm horizontal and r 1 cm + lppm vertical or real time data 

acquisition with an accuracy rating of * I cm +2ppm horizontal and +2 cm + 2ppm vertical. 

The Site Surveyor 4400 is based on Trimble’s fourth generation real-time survey technology. 

Incorporating the latest Trimble real-time GPS engine code and solution alogrithms, the 

system provides very fast on-the-fly (OTF) initializations with the industry’s most reliable 

position results. With this technology, average initialization times are cut in half With 

advanced satellite signal acquisition and tracking, the ability to survey near trees is enhanced 

and downtime due to loss of signal minimized. 

-‘i--- 



DATA REDUCTION and FORMULAE 
The gravity data was processed by computer in the following manner: 

g. Observed Gravity- field observations corrected for earth tides and long term 

instrument drift were downloaded from electronic storage in the gravity meter and 

corrections made for instrument height and residual instrument drift. These values 

were then tied to the National Gravity Net. 

gr* Free Air Effect- Correction for relative distances of observation points from the 

centre of mass(earth). This calculation moves all stations to a common elevation 

datum and corrects for relative distances in distance from the source mass. The 

elevation datum used was CGVD 28 mean sea level. The formulae used was: 

gr.= -0.3086 mgal/m 

gbs Bouger Slab Effect - Correction for the relative differences in amounts of surface 

rock below gravity stations. This calculation requires that a mean density or rock type 

between the lowest and highest grid elevations be established. All stations are shifted 

to a common datum as in the free air effect except that the vertical change is through 

an assumed slab of the derived density. The elevation datum used was CGVD 28 

mean sea level. 

gbr= 2*PI*.O0667*0 mgahm 

Where o = slab density &m/cc) 

gt Theoretical Gravity - Yields correction for change of observed gravity with change 

in latitude which is due primarily to the rotation of the earth and the difference in 

earth’s radius between the poles and the equator. 

gl = &( I + ctsin’ 6+ j3sin22B) 

Where g, = equatorial gravity = 978,03 1.85 mgal. 

a = 0.005278895 

p = -0.000023462 

8 = Latitude 

---s- 



@ Terrain Correction- corrections for variations caused by local terrain. The vertical 

component of the gravitational effect exerted by nearby hills, or not exerted by nearby 

valleys or gullies, will effect the net reading obtained on any one station. The overall 

effect on a given line profile or area will be a function of the station spacing relative 

to the frequency of terrain undulations. Areas were segmented using circular sectors 

in zones developed by Hammer (1939). Corrections were made for zones B, C, and D 

(covering an area from 2 to 170 meters from the station). 

g, was calculated from the following expression: 

g, = X@zo[r, - ri + (r: + z’)” - (rO’ + Z’)“] 

Where p = Sector angle (B = 90°, C & D = 60 “) 

s = gravitational constant = 0.00667 

u = average density @m/cc) 

r, = outer sector radius (B=16.6, C=53.3, D=170) 

ri = inner sector radius (B=2, C=16.6, D=53.3) 

z = elevation difference between sector and station. 

graa Free Air Anomaly: is derived from the following formulae: 

gr”= g, - (gt-0.3086*E) = Free Air Anomaly 

Where g. = observed gravity 

gr = theoretical gravity 

E = CGVD 28 elevation 

gba Bouguer Anomaly: was derived from the following formulae: 

gb* = gb + gf, + g, = Bouguer Gravity 

Where gb = Bouguer gravity 

gr, = free air anomaly 

g, = terrain corrections 
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RESULTS & INTERPRETATION 

The data was reduced to partial Bouguer gravity anomaly values. Terrain corrections have 

been appiied to 170 meters. A density of 2.67 gmkc was used throughout the survey. The 

partial Bouguer Gravity anomaly values spanned a range of 4.94 milligals from a low of 

-138.88 mgal to a high of -133.94 mgal. The mean partial Bouguer value was -135.91 

it.40 mgal. The survey confirmed major and minor geologic trends in the area of interest. 

SURVEY PRECISION 
GRAVITY 

Daily gravity loop ties were made to the base station -101 as follows: 

Station Loop Tie in mgai Notes 
-101 0.02 
-101 0.01 
-101 0.09 
-101 -0.04 

Repeat gravity readings were conducted on 5% of the stations read as follows: 

Station 
8501 
6503 

Repeat Accuracy - mgal 
-0.04 
-0.11 

TIES TO 1996 SURVEY 

The following ties were made to the 1996 Moyie gravity survey: 

Station 

11808 
12309 

1997 1996 Tie 
Observed G Obsewd G 

980535.69 984X35.76 0.09 
960570.62 980570.77 0.16 

LOCATION 

The horizontal and vertical control for the survey was referenced to an existing control point. 

No traverses were required to conduct the survey. On every station location the GPS system 

was re-initialized to verify the accuracy of the recorded station location. 

----I--- 
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STATEMENT OF QUALIFICATIONS 

I Thomas L. Mitchell, A&T, of the city of Richmond, Province of British Columbia, DO 
HEREBY CERTIPY THAT: 

1. I am the owner of Quadra Surveys with ofIice at 2-8640 Blundell Road, Richmond, 

British Columbia, V6R lK1. 
. 

2. I am a graduate of BCIT, with a diploma in Surveying Technology (1977). 

3. I am a geophysical surveyor, registered with the Association of Applied Science 

Technologists and Technicians of British Columbia. 

4. I have practiced my profession in Africa, Canada, Japan and USA for 19 years 

5. This report is based on a gravity survey which I conducted. 

6. I have no direct or indirect interest in the property nor do I expect to receive any. 

Dated at Cranbrook, British Columbia, this 6* day of November, 1997, 
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Calibration 



Kennecott Canada Exploration Inc. 
Moyie Gravity Reduction Report 
instrumentation: Scintrex CG3 Gravity Meter No.10345 
Surveyed by Quadra Survey%. June -July 1997 

The following ties were conducted from Base -101 which has a value of 980688.13 mgal. 
A small calibration difference was noted from the 1998 survey. 
A linear calibration factor of .9992252 was derived from the following base ties and applied 

Tie to 1996 
BeSe Observed 

station Gravity 
-107 98064f.33 
-106 980522.66 

-105 980522.67 

-104 980604.13 

meal 
Change 1997 

From ObSSNSd 
-101 Gravity 

40.07 980847.26 
165.55 980522.58 

980522.48 
980522.51 
980522.45 

165.58 980522.55 
980522.46 
980522.58 
980522.50 

84.01 980604.12 
980604.12 
980604.07 
980604.00 
980804.12 
980604.14 
980604.09 
980604.08 
980604.08 

Tie to 
1996 
-0.07 
-0.08 
-0.20 
-0.15 
-0.21 
-0.12 
-0.21 
-0.09 
-0.17 
-0.01 
-0.01 
-0.06 
-0.13 
-0.01 
0.01 

-0.04 
-0.05 
-0.05 

-1.64 

1997 
Calibrated 
ObSSNSd 

Gravity 
98ce47.29 
980522.71 
980522.59 
980522.84 
980522.58 
980522.68 
980522.58 
980522.71 
980522.63 
980604.18 
980804. I 8 
980604.14 
980604.07 
980604.18 
980804.20 
980604.15 
980604.15 
980804.15 

Tie to 
1996 
-0.04 
0.05 

-0.07 
-0.02 
-0.08 
0.01 

-0.09 
0.04 

-0.04 
0.05 
0.05 
0.01 

-0.08 
0.05 
0.07 
0.02 
0.02 
0.02 

0.00 



APPENDIX II 

Gravity & GPS Base Stations 



1 GRAVITY BASE 
-101 

GRAVITY BASE -101 CRANBROOK M.D.. B.C. 
National Gravity Net Value: 980668.13 f0.02 mgal N,T,S, 82 F,,, 82 w,2 
Northing: 49” 32’ 48.07384” 0RAr.w BY: nM 

v Easting: -115” 48’ 44.86830” 
) DATE:NOVEMBER 1997 

. . . . SCALE 1:so.aw / FIGURE: 2 



I GRAVITY BASE 
GPS BASE -106 -106 
National Gravity Net Value: 980522.66 a.05 mgal CRANBRCJOK MD,. B.C. 
NAD 83 Northing: 49’ 17’ 02.20553” N.T.s a FF3 
NAD 83 Easting: -116’ 06’ 14.99081” DRAW 8Y TLM DATE: NOVEMBER 189; 

. . . . CGVD 28 Elevation: 1776.601 SCALE 1:5o.m FIGURE:3 



I GPS BASE -265 

GPS BASE -265 
NAD 83 Northing: 5461001.713 m 



APPENDIX III 

Partial Bouguer Anomaly Gravity Data Listing 

Real Time GPS Station Locations and Elevation Calculations 

Observed Gravity Values - Electronic Notes from Gravity Meter 

Observed Gravity Data Reduction and Calculations 

Inner Zone Terrain Corrections 



1997 Panda Basin Gravity Infill Survey 
Partial Bouguer Anomaly Gravity Data Listing 
Instrumentation: Scintrex CG3 Gravity Meter No.10345 
Surveyedby: QuadraSuweys. October1997 
0perator:Tam Mitchell 
Density 2.67 

Shl 
DDHK97-03 

-265 
-106 
8501 
8502 
8503 
8601 
8602 
8603 
8804 
8605 
8606 
8607 
8608 
8609 
8610 
8611 
8612 
8613 
8701 
8702 
8703 
8704 
8705 
8706 
8707 
8708 
8709 

NAD 63 NAD83 WGS64 
Northing Easting Latitude 

5457855.125 567984.552 49.2696749 
5461001.713 587370.89 49.2980432 
5459422.023 566362.102 49.2839458 
5458427.835 567690.286 49.2748585 
5457993.761 567810.591 49.270941 I 
5457695.191 587602.593 49.2682788 
5458725.264 567489.084 49.2775558 
5458210.291 567731.036 49.2728974 
5457851.937 587984.779 49.2698462 
5457676.741 587854.769 49.2680849 
5457835.217 567518.919 49.2695474 
5457938.497 567467.865 49.2704639 
5458138.751 567342.955 49.2722968 
5458090.635 567087.59 49.2718921 
5458340.102 567198.585 49.2741236 

6458467.26 567301.634 49.2752560 
5458620.254 567378.074 49.2786236 
5459016.193 567640.52 49.2801557 
5458753.361 587956.448 49.2777587 
5458694.889 566263.435 49.2774147 
5456454.702 566384.61 49.2752433 
5458152.342 566471.341 49.2725144 
5457951.786 566515.158 49.2707058 
5457630.738 586490.148 49.2678210 
5457490.566 566656011 49.2665423 
5457284.774 566906.98 49.2646640 
5457086.444 587209.079 49.2628470 
5458826.923 567485.421 49.2604825 

WG884 CGVD26 
Longitude Elev 

-116.0654576 1829.934 
-116.0733619 1527.117 
-116.0674974 1776.601 
-116.0694052 1772.900 
-116.0676251 1809.722 
-116.0707344 1827.951 
-116.0721207 1750.992 
-116.0688819 1790.820 
-116.0654550 1830.341 
-116.0672716 1852.433 
-116.0716608 1841.248 
-116.0725452 1650.070 
-116.0742283 1849.231 
-116.0777464 1808.053 
-116.0761789 1809.285 
-116.0747410 1796.678 
-116.0736645 1771.364 
-116.0699896 1686.566 
-116.0656913 1684.655 
-116.0889745 1869.961 
-116.0873466 1881.021 
-116.0862066 1922.637 
-116.0856377 1940.672 
-116.0860348 1926.123 
-116.0837765 1925.482 
-116.0803836 1927.397 
-116.0762452 1884.680 
-116.0724913 1951.700 
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Theoretical Terrain Free Air 
Obsewed G 

960570.65 
980522.52 
980521.54 
980513.39 
980508.22 
980526.40 
980517.62 
980508.40 
980503.30 
980508.32 
980504.88 
980505.52 
980512.32 
980513.43 
980516.77 
980522.10 
980538.90 
980538.76 
980501.49 
980498.24 
980407.83 
980483.82 
980488.53 
980487.00 
980486.27 
980495.00 
980480.80 

961006.74 0.00 35.18 
981005.48 65.30 
981004.66 0.11 63.99 
981004.31 0.13 67.56 
981CXM.07 0.34 68.25 
981004.90 0.14 61.85 
981004.49 0.17 65.79 
981004.20 0.26 69.05 
981004.06 0.30 70.91 
981004.19 0.51 70.34 
981004.27 0.81 71.54 
981004.43 0.39 71.76 
981004.40 0.61 65.89 
981004.80 0.10 67.17 
981004.70 0.11 66.52 
Q81004.82 0.16 63.92 
981005.14 0.14 54.24 
981004.92 0.18 53.72 
981004.89 0.19 73.67 
981004.70 0.27 74.02 
981004.45 0.43 76.71 
981004.29 0.30 78.42 
961004.03 0.21 77.52 
981003.92 0.35 77.28 
981003.75 0.30 77.31 
981003.59 0.83 73.03 
981003.36 0.59 79.72 

Bouguer 
Anomaly 

-135.70 
-133.50 
-134.28 
-134.81 
-135.95 
-133.94 
-134.43 
-135.50 
-136.07 
-135.18 
-134.88 
-134.77 
-135.82 
-135.18 
-134.41 
-134.12 
-134.34 
-134.61 
-135.38 
-13616 
-138.01 
-138.43 
-136.02 
-137.62 
-138.06 
-137.03 
-138.08 



I 
KENNECOTT CA~NADA EXPLORATION INC. 

1997 Panda Basin Gravity Infill Survey 
Partial Bouguer Anomaly G&y Data Listing 
Instrumentation;ScintrexCG3GravityMeterNo.10345 
SurveyedbyrQuadraSweys. October1997 
Operator: Tam Mitchell 
Density 267 

NAD 83 
Stn Northing 

8710 5457007.495 
8801 5458102.222 
8802 5458317.962 
8803 5458232.975 
8804 5458020.228 
8805 5457832.273 
8806 5457424.656 
8807 5457348.49 
8808 5457255.524 

11808 54599G6.601 
12309 5460974.918 

NAD 03 
Easting 

567577.121 
568256.946 
568101.298 

568441.57 
568648.724 
588617.099 

568583.8 
568451.661 
568226.341 
566365.142 
567401.618 

Latitude 
49.2620984 
49.2718889 
49.2738246 
49.2730223 
49.2710866 
49.2693987 
49.2657383 
49.2650481 
49.2642551 
49.2883038 
49.2977988 

WGS64 CGVD28 Theoretical Terrain Free Air 
Longitude Elev Obsewed G Gravity to 170m%nomaly 

-116.0712006 1975.594 980475.55 981003.52 0.48 81.70 
-116.0616715 1783.610 980517.94 981004.39 0.26 63.97 
-116.0637742 1757.704 980523.83 981004.57 0.40 61.69 
-116.0591115 1738.926 980525.42 981004.50 1.56 57.55 
-116.0563006 1699.218 980533.15 981004.32 0.94 53.20 
-116.0567675 1738.391 980524.88 981004.17 0.75 57.18 
-116.0572950 1730.161 980525.62 981003.85 0.65 55.70 
-116.0591244 1754.813 980520.98 981003.78 0.83 58.73 
-116.0822365 1786.634 980514.44 981003.71 0.82 62.09 
-116.0873752 1706.538 980535.69 981005.87 0.48 58.48 
-116.0729438 1527.168 900570.62 981ce6.72 0.00 35.18 
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Bouguer 
An0ialy 

-138.88 
-135.35 
-134.59 
-135.47 
-136.00 
-136.60 
-137.25 
-137.00 
-137.01 
-134.02 
-135.70 



KENNECOIT CANADA EXPLORATION INC. 
1997 Moyie Gravity Infill Survey 
Partial Bouguer Anomaly Gravity Data Listing 
Surveyed by: Quadra Surveys. June -July 1997 
SimpleBouguer Density 2.67 

NAD 63 NAD 03 NAD 93 
stn Northing Easting Latitude 

Calibrated 
to match 

NAD83 CGVD28 1999 Theoretical Terrain Free Air Bouguer 
Longitude Elev Observed G Gravity to 170m Anomaly Anomaly 

9701 5450167.727 567972.06 49.2724879 -116.06$5762 1780.274 980519.55 981004.45 0.11 64.49 -134.61 
9702 5460763.99 566264.667 49.2960262 -116.0886146 1771.119 980523.54 981006.56 0.19 63.55 -134.44 
9703 5460380.556 586810.946 49.2923601 -116.0839198 1659.958 980544.82 981006.23 0.52 50.85 -134.37 
9704 5459839.627 566718.664 49.2858643 -116.0825589 1852.702 980548.22 981005.65 0.24 50.59 -134.10 
9705 5459657.943 568986.589 49.2077905 -116.0788389 1606.939 980555.32 981005.62 0.13 45.40 -134.28 
9706 5460291.519 566820.478 49.2917163 -116.0810501 1596.800 980557.39 981006.17 0.28 43.99 -134.41 
9707 5459846.014 567463.409 49.2876388 -116.0722846 1594.507 980558.77 981005.81 0.25 45.03 -133.14 
9706 5458711.895 568414.692 49.2773328 -116.0593990 1636.646 980548.01 981004.88 0.10 48.20 -134.84 
9709 5459798.489 567641.359 49.2871737 -116.0698463 1605.775 980558.27 981005.77 0.10 46.05 -133.53 
9710 5460048.278 567743.813 49.2894269 -116.0683949 1615.198 980553.97 981005.97 0.43 46.46 -133.85 
9711 5460544.134 568266.484 49.2938285 -116.0611235 1776.267 980521.45 981006.36 0.17 63.24 -135.35 
9712 5459220.842 569331.608 49.2818069 -116.0467064 1848.091 980504.79 981w5.29 0.40 69.82 -136.57 
9713 5459160.939 569149.164 49.2812888 -116.0492249 1803.659 980513.52 981005.24 0.55 64.89 -136.38 
9714 5458991.991 568792.525 49.2798096 -116.0541569 1637.333 980546.92 981005.11 0.39 47.09 -135.73 

9715=22502 5461539.410 572537.390 49.3022876 -116.0022136 1901.729 980495.37 981007.12 0.63 75.12 -137.05 
9716 5461554.850 572741.490 49.3024022 -115.9994038 1696.599 980498.70 981007.13 0.58 74.07 -138.78 
9717 5461579.620 572940.680 49.3026012 -115.9966597 1887.229 980499.58 981W7.15 0.32 74.03 -136.02 
9718 5461763.090 572971.450 49.3042476 -115.9962031 1872.983 980503.02 981W7.29 0.63 73.72 -135.23 
9719 5461955.520 573027.390 49.3059716 -115.9953964 1856.492 980506.12 981007.45 0.83 71.58 -135.32 
9720 5462132.260 573127.790 49.3075494 -115.9939852 1645.885 980508.94 981007.59 0.49 70.99 -135.07 

9721=22503 5462342.710 573152.920 49.3094389 -115.9936010 1833.239 980511.40 981007.76 0.28 69.38 -135.47 
9722 5462448.630 573379.540 49.3103643 -115.9904642 1814.598 980515.05 981007.84 0.39 67.19 -135.47 
9723 5462552.820 573514.500 49.3112851 -115.9885866 1799.788 980518.03 981007.92 0.75 65.52 -135.12 
9724 5462674.420 573689.530 49.3123577 -115.9861586 1779.371 980522.80 98100&02 0.51 63.69 -134.91 
9725 5462766.780 573851.510 49.3131867 -115.9839130 1766.027 980525.25 981008.10 0.41 62.40 -134.89 
9726 5463377.320 573908.880 49.3186529 -115.9830110 1714.078 980536.32 981008.58 0.21 56.70 -134.89 
9727 5463651.590 574025.270 49.3211055 -115.9813588 1689.407 980541.19 981008.80 0.38 53.73 -134.95 
9728 5459804.1 582939.72 49.2877444 -116.1344905 1669.197 980539.64 981005.82 0.61 48.94 -137.23 
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’ KENNECO’IT CANADA EXPLORATION INC. 
1997 Moyie Gravity Infill Survey 
Partial Bouguer Anomaly Gravity Data Listing 
Surveyed by: Quadra Sutwys. June-July 1997 
Simple Bouguer Density 2.67 

Calibrated 
to match 

NAD 63 
Stn Northina 

9729 5459987.46 
9730 5460064.72 
9731 5460455.3 
9732 5460746.8 
9733 5461062.66 
9734 5461252.12 
9735 5461520.73 
9736 5461562.5 
9737 5461661.13 
9738 5461807.53 
9739 5461465.8 
9740 5467089.44 
9741 5467152.65 
9742 5467122.46 
9743 5467092.607 
9744 5466699.17 
9745 5467122.006 
9746 5467102.924 
9747 5467130.964 
9748 5467110.284 
9749 5467076.575 
9750 5466934.212 
9751 5466233.656 
9752 5466486.95 
9753 5465364.665 
9754 5465224.22 
9755 5464955.995 
9756 5464697.914 

NAD 63 
Eastina 

563185.36 
563510.26 
563570.05 
563696.21 
563790.05 
563856.78 
564079.18 
563954.23 

563596.6 
564131.26 
564403.34 
568771.42 
569081.12 
569296.75 

571449.874 
571452.48 

569325.497 
569437.489 
570588.258 
570923.643 
571649.732 
571982.707 
570972.079 
571316.454 
572991.473 
572827.215 
572555.744 
572272.381 

NAD 63 
Latitude 

49.2893683 
49.2900294 
49.2935362 
49.2961448 
49.2989759 
49.3006730 
49.3030656 
49.3034543 
49.3043788 
49.3056396 
49.3025374 
49.3526396 
49.3531730 
49.3528770 
49.3523599 
49.3488212 
49.3528695 
49.3526852 
49.3528052 
49.3525803 
49.3521923 
49.3508768 
49.3446905 
49.3469464 
49.3368166 
49.3353932 
49.3330132 
49.3307257 

NAD 63 CGVD26 1996 Theoretical Terrain Free Air Bouguer 
Lonaitude Elev Observed G Gravitv tol70m Anomaly Anomaly 

-116.13h339 1659.277 
-116.1266044 1654.114 
-116.1257201 1630.130 
-116.1239387 1622.754 
-116.1225977 1599665 
-116.1216497 1587.994 
-118.1185479 1578.046 
-116.1202599 1569.862 
-116.1251630 1571.002 
-116.1177855 1564.109 
-116.1140963 1835.891 
-116.0530518 1524.698 
-116.0487770 1581.205 
-116.0456135 1638.196 
-116.0161759 1634.777 
-116.0162105 1676.463 
-116.0454179 1644.669, 
-116.0436794 1676.303 
-116.0280312 1873.491 
-116.0234175 1760.255 
-116.0134273 1614.430 
-116.0088649 1564.110 
-116.0229068 1602.740 
-116.0161208 1721.096 
-115.9952652 1923.537 
-115.9975551 1881.742 
-116.0013401 1815.170 
-116.0052864 1852.161 

960544.37 981005.96 0.08 50.46 -135.13 
980545.80 981006.02 0.28 50.24 -134.57 
980551.42 B61006.34 0.06 48.14 -134.20 
980553.15 981096.57 0.08 47.37 -134.16 
980557.61 981006.62 0.00 44.45 -134.55 
980559.92 981006.97 0.02 43.00 -134.67 
980561.92 981007.19 0.08 41.72 -134.78 
980563.57 961007.22 0.03 40.61 -134.62 
980562.73 981007.31 0.08 40.23 -135.49 
980564.94 981007.42 0.08 40.21 -134.75 
960550.51 981007.14 0.26 48.14 -134.63 
980573.41 981011.63 0.33 32.31 -137.97 
980562.58 961011.68 0.37 38.84 -137.72 
980551.63 981011.65 0.31 45.53 -137.47 
980554.88 981011.60 0.22 47.77 -134.94 
980546.68 981011.29 0.19 52.73 -134.67 
980550.08 981011.65 0.27 46.04 -137.75 
980543.71 981011.63 0.44 49.36 -137.74 
960505.18 981011.64 0.58 71.69 -137.38 
960529.90 981011.62 0.22 61.49 -135.25 
980559.01 981011.59 0.20 45.63 -134.82 
980567.40 981011.47 0.45 38.61 -135.96 
980521.40 961010.92 0.57 66.81 -134.34 
980537.76 981011.12 0.43 57.77 -134.39 
966493.52 981010.21 0.66 76.91 -137.46 
980502.11 981010.08 0.59 72.73 -137.24 
980518.33 981009.87 0.41 66.62 -136.09 
980506.82 961009.67 0.31 70.73 -136.21 
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1997 Moyie Gravity lnfill Survey 
Partial Bouguer Anomaly Gravity Data Listing 
Surveyed by:QuadraSuweys. June-Juiy1997 
SimpleBouguer Density 2.67 

NAD 83 NAD 83 NAD 83 
Stn Northing Easting Latitude 

Calibrated ’ 
to match. 

NAD 83 CGVD28 1996 Theoretical 
Longitude Elav Obsewed G Gravity 

9757 5406389.224 573794.476 49.3455740 -115.9840313 2029.959 980471.90 901011&I 0.24 07.35 .139.55 
9750 5466132.948 573649.232 49.3434673 -115.9060743 2012.042 900476.13 981010.81 0.44 06.24 .138.46 
9759 5465016.609 573517.093 49.3406302 -115.9079515 1909.430 900481.51 981010.55 0.42 04.90 -137.29 
9760 5463586.863 567514.004 49.3212780 -116.0709455 1400.942 900579.23 981008.02 0.10 29.90 -136.61 
9761 5463250.395 580010.579 49.3101900 -116.O641016 1501.747 980576.42 981000.54 0.00 31.32 -136.72 
9762 5463033.797 568453.079 49.3161993 -116.05013O9 1539.773 900569.34 901008.30 0.17 36.14 -135.98 
9763 5462794.3 569297.261 49.3139500 -116.0465500 1612.612 900555.14 901008.16 0.14 44.63 -135.67 
9764 5463096.691 569720.739 49.3166206 -116.0405702 1607.745 900555.21 901OO0.40 0.12 42.96 -136.82 
9765 5463203.444 568441.393 49.3104459 -116.0502400 1513.514 900574.16 901008.57 0.00 32.66 -138.70 
9766 5459251.331 564053.194 49.2026570 -116.1192691 1705.650 980520.91 981005.36 0.08 66.60 -133.15 
9767 5459060.037 564371.740 49.2009030 -116.1149203 1761.386 980525.74 901005.20 0.00 64.10 -132.91 
9768 5459306.518 564463.394 49.2031102 -116.11362O7 1751.880 980527.71 981005.40 0.12 62.94 -132.98 
9769 6450335.2 564540.661 49.2743659 -116.1127151 1693.671 900537.94 901004.62 0.22 55.99 -133.31 
9770 5457653.392 564572.393 49.2002303 -116.1123009 1645.012 980546.37 901004.07 0.34 49.95 -133.70 
9771 5457268.111 564153.443 492640091 -116.1102O89 1596.277 980554.25 901003.76 0.20 43.10 -135.31 
9772 5450394.389 564367.27 49.2749165 -116.115009O 1735.324 980530.16 901004.67 0.40 61.01 -132.69 
9773 5458650.492 564133.209 49.2773165 -116.1102630 1706.432 900519.45 901004.80 0.95 85.86 -133.09 
9774 5457039502 583512.93 49.2700159 -116.1269210 1768.980 900520.36 901004.23 0.34 62.04 -135.57 
9775 5458163.274 583749.104 49.2729026 -116.1236221 1018.494 900512.08 981004.49 0.44 60.78 -134.26 
9776 5450457.815 563034.361 49.2755429 -116.1224043 1092.029 980496.41 901004.72 0.29 75.02 -135.69 
9777 5450501.317 563643.095 49.2759540 -116.1250150 1094.682 900490.87 981004.76 0.20 76.01 -134.92 
9770 5450573.629 563291.000 49.2768409 -116.1290430 1082.431 900500.21 981004.82 0.23 76.30 -134.10 
9779 5450706.730 565702.310 49.2703033 -116.0966729 1762.028 980524.75 901004.97 0.14 63.78 -133.34 
9780 5450562.107 565463.403 49.27630% -116.0999940 1730.925 980530.80 901004.79 0.16 60.17 -133.35 
9701 6450227.1 565115.474 49.2733327 -116.1O40314 1671.283 980541.82 901004.53 0.34 53.05 -133.62 
9702 5450112.015 565203.056 49.2722869 -116.1025465 1660.861 980544.02 981004.43 0.13 52.13 -133.50 
9703 5457903.769 565720.604 49.2703590 -116.0964568 1718.519 900532.43 901004.26 0.10 50.51 -133.69 
9704 5457927.692 565026.069 49.2706493 -116.1O61O89 1618.622 980551.30 981004.29 0.31 46.53 -134.28 
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Terrain Free Air Bouguer 
to 170m Anomalv Anomalv 
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KENNECOTT CANADA EXPLORATION ~NC. 
1997 Moyie Gravity Mill Survey 
Partial Bouguer Anomaly Gravity Data Listing 
Surveyed by:QuadraSutveys. June-July1997 
Simplehuguer Density 2.67 

NAD 63 NAD 63 NAD63 NAD 63 
Stn Northing Easting Latitude Longitude 

9785 5450497.752 562838.609 49.2760052 -116.1360660 
9786 5450886.563 562071.174 49.2794909 -116.1355772 
9701 5459140.842 562037.125 49.2817094 -116.1360054 
9788 5450597.21 563206.179 49.2768619 -116.1310175 
9789 5458317.30 563219.301 49.2743437 -116.1306813 
9790 5456083.461 563157.509 49.2722462 -116.1317666 

11103 5467161.815 570276.593 49.3531107 -116.0323166 
12006 5457951.375 562747.003 49.2711003 -116.1374200 
12301 5459185.193 568630.07 49.2815655 -116.0563571 
12307 5459560.832 567965.267 49.2850103 -116.0654328 
21102 5460047.2 562897.99 49.2899352 -116.1350260 
23703 5465630.6 573204.368 49.3390047 -115.9922899 

Calibrated 
to match 

CGVD20 1996 
Elev Observed G 

1751.075 980525.23 
1774.045 980521.21 
1819.691 980512.51 
1873.551 980502.26 
1647.777 980506.96 
1829.576 980508.89 
1923.378 980493.90 
1714.020 960532.06 
1660.512 980542.93 
1625.873 980551.14 
1704.008 980535.07 
1960.447 980487.54 

Theoretical 
GiWity 

981004.77 
981005.oa 
981005.28 
981004.84 
981004.62 
981004.43 
981011.67 
96wo4.33 
981005.26 
981005.57 
961006.01 
961010.41 

Terrain 
to 170m 

1.03 
0.49 
0.30 
0.30 
0.17 
0.29 

Free Air Bouguer 
Anomaly Anomaly 

60.85 -134.07 
63.60 -134.41 
60.76 -134.53 
75.59 -133.75 
72.57 -134.02 
69.07 -135.36 
75.70 -139.44 
56.62 -135.17 
50.10 -135.70 
47.31 -134.62 
54.91 -135.76 
82.12 -137.24 
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KENNECOTT CANADA EXPLORATION INC. 
1997 Panda Infill Gravity Survey 
Real Time Station Locations and Elevation Calculations 

Latitude 
Easting dd mm 

Instrumentation: Trimble RTK 4400 SSI Surveyor 
Surveyed by: Quadra Surveys. October 1997 

Name 

Proposed 
1 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
11 
12 
13 
14 
15 
16 
17 
10 
19 
20 
21 
22 
23 

5457903 
5458201 
5458446 
5458032 
5450269 
5450340 
5458731 
5458046 
5457770 
5457491 
5457196 
5457006 
5457163 
5457334 
5456798 
5457066 
5457286 
5457476 
5457677 
5458325 
5458124 
5457900 
5457703 

567812 
567729 
567669 
568312 
568497 
568126 
567979 
568713 
568587 
566635 
568933 
568657 
568150 
568408 
567550 
567198 
566902 
566674 

567219 
567342 
567450 
567569 

Longitude West corrsctsd 
SS.~SSS~ dd mm ss.sssss Elev GSD95W Elev Notes 

Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
Proposed Stns 
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KENNECOTT CANADA EXPLORATION INC. 
1997 Panda Mill Gravity Survey 

.Real Time Station Locations and Elevation Calculations 
Instrumentation: Trimble RTK 4499 SSI Surveyor 
Surveyed by: Quadra Surveys. October 1997 

Latitude Longitude West 
Name Northing Easting dd mm ss.8ssss dd mm ss.sssss 

Possible equipment/weatherproblems, repeal values on folfowingdayto be used 

Elev 

-106 5459411.606 566343.051 49 17 1.87516 116 5 15.93993 1756.046 -13.57 1756.046 Redone 
-265 5461001.706 567370.887 49 17 52.9552 116 4 24.10286 1527.777 -13.56 1527.777 Redone 

8501 5458428.485 567689.735 49 16 29.51173 116 4 9.88566 1772.858 -13.59 1772.858 Redone 
8502 5457993.979 567810.42 49 16 15.39498 116 4 4.17865 1809.871 -13.6 1809.671 Redone 

DDH9703 5457854.994 567984.685 49 16 10.82521 116 3 55.64079 1829.875 -13.6 1829.875 Redone 
8503 5457693.722 567602.51 49 16 5.756 116 4 14.64895 1827.975 -13.6 1827.975 Redone 

-106 5459422.023 566362.102 49 17 2.20502 116 5 14.99081 1776601 -13.57 1776.601 
-265 5461001.713 567370.89 49 17 52.95544 116 4 24.10272 1527.127 -13.56 1527.117 

12309 5460974.918 567401.618 49 17 52.07566 116 4 22.59765 1527.178 -13.56 1527.168 
11808 5459906.601 566365.142 49 17 17.89373 116 5 14.55075 1706.548 -13.56 1706.536 

8601 5458725.264 567489.084 49 16 39.20082 116 4 19.63468 1750.972 -13.59 1750.992 
8501 5458427.835 567690.286 49 16 29.49045 116 4 9.85877 1772.88 -13.59 1772.900 
8602 5458210.291 567731.036 49 16 22.43048 116 4 7.97486 1790.798 -13.6 1790.828 
8502 5457993.761 567810.591 49 16 15.38784 116 4 4.17033 1809.692 -13.6 1809.722 

DDHK97-03 5457855.125 567984552 49 16 10.8295 116 3 55.6473 1829.904 -13.6 1829.934 
8603 5457851.937 567984.779 49 16 10.72618 116 3 55.63799 1830.311 -13.6 1830.341 
8604 5457676.741 567854.769 49 16 5.1056 116 4 2.17787 1852.403 -13.6 1852.433 
8503 5457695.191 567602.593 49 16 5.80353 116 4 14.64397 1827.921 -13.6 1827.951 
8605 5457835.217 567518.919 49 16 10.37065 116 4 18.69898 1841.218 -13.6 1841.248 
8606 5457936.497 567467.885 49 16 13.67021 116 4 21.16266 1850.04 -13.6 1850.070 
8607 5458138.751 567342.955 49 16 20.26844 116 4 27.22179 1849.201 -13.6 1849.231 
8608 5458090.635 567087.59 49 16 18.8116 116 4 39.88703 1808.023 -13.6 1808.053 
8609 5458340.102 567198.585 49 16 26.84507 116 4 34.24386 1809.265 -13.59 1809.285 
8610 5458467.26 567301.634 49 16 30.92143 116 4 29.06754 1796.658 -13.59 1796.678 
8611 5458620.254 567378.074 49 16 35.84485 116 4 25.19205 1771.344 -13.59 1771.364 
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KENNECOTT CANADA EXPLORATION INC. 
1997 Panda Infill Gravity Survey 
Real Time Station Locations and Elevation Calculations 
Instrumentation:Trimble FtTK44OOSSISutveyoc 
Suw?yedbyzQuadraSumys. October1997 

Latitude Longitude West Corrected 
Name Northing Easting dd mm ss.sssss dd mm ss.sssss Elev GSD95W Elev Notes 
8612 5459016.193 567640.52 49 16 48.56036 116 4 11.9633 1686.556 -13.58 1686.566 
8613 5456753.361 567956.440 49 16 39.92416 116 3 56.48859 1684.635 -13.59 1684.855 

-106 5459422.023 566362.102 49 17 2.20502 116 5 14.99081 1776.601 -13.57 1776.601 
8701 5458694.669 566263.435 49 16 38.69288 116 5 20.30817 1869.951 -13.58 1869.961 
8702 5458454.702 566384.61 49 16 30.87576 116 5 14.45484 1881.011 -13.58 1881.021 
8703 5458152.342 566471.341 49 16 21.05188 116 5 1034373 1922.617 -13.59 1922.637 
8704 5457951.786 566515.158 49 16 14.54099 116 5 8.29555 1940.852 -13.59 1940.672 
8705 5457630.738 566490.148 49 16 4.15572 116 5 9.7251 1928.093 -13.6 1928.123 
8706 5457490.568 566656.011 49 15 59.55221 116 5 1.60253 1925.452 -13.6 1925.482 
8707 5457284.774 56690698 49 15 52.79023 116 4 49.3091 1927.357 -13.61 1927.397 
8708 5457086.444 567209.079 49 15 46.24936 116 4 34.48255 1884.648 -13.61 1884.688 
8709 5456826.923 567485.421 49 15 37.73692 116 4 20.96852 1951.85 -13.62 1951.700 
8710 5457007.495 567577.121 49 15 43.54713 116 4 16.32229 1975.544 -13.62 1975.594 

-106 5459422.023 566362.102 49 17 2.20502 116 5 14.99081 1776.601 -13.57 1776.601 
8801 5458102.222 568256946 49 16 18.72085 116 3 42.01745 1783.58 -13.6 1783.610 
8802 5458317.962 568101.298 49 16 25.76865 116 3 49.58709 1757.674 -13.6 1757.704 
8803 5458232.975 568441.57 49 16 22.8801 118 3 32.80135 1738.896 -13.6 1738.926 
8804 5458020.228 568648.724 49 16 15.90814 116 3 22.68206 1699.188 -13.6 1699.218 
8805 5457832.273 568617.099 49 16 9.83524 116 3 24.36295 1738.361 -13.6 1738.391 
8806 5457424.656 568583.8 49 15 56.65074 116 3 26.26207 1730.121 -13.61 1730.161 
8807 5457346.49 568451.661 49 15 5417316 116 3 32.84792 1754.773 -13.61 1754.813 
8808 5457255.524 568226.341 49 15 51.31845 116 3 44.05156 1786.594 -13.61 1786.634 
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c KENNECO~ CANADA EXPLORATION INC. 
L 1997 Moyie Gravity lnfill Survey 

Real Time Station Locations and Elevation Calculations 
Instrumentation: Trimbla RTK 4400 SSI Surveyor 

L SUN5y5d by GUadrs SUNeyS. June -July 1997 

L ‘6Jun 
Latitude Longitude comctsd 

Name Northing Easting dd mm 55.55555 dd mm ss.sssss Elev GSD95W Elev 
-106 5459422.02 566362.10 49 17 2.20553 -116 5 14.99081 1776.60 -13.57 1776.601 L 9701 5456167.73 567972.06 49 16 20.95657 -116 3 56.07421 1760.24 -13.60 1760.274 

9702 5460763.99 566264.67 49 17 45.69443 -116 5 19.01240 1771.14 -13.55 1771.119 
9703 5460360.56 566610.95 49 17 32.49630 -116 5 2.11132 1659.97 -13.56 1659.956 

L 9704 9705 5459839.63 5459857.94 566716.66 566966.57 49 49 17 17 16.07469 9.11144 -116 -116 4 4 57.21218 43.82013 1652.70 1606.94 -13.57 -13.57 1652.702 1606.939 
9706 5480291.~2 '568620.46 49 17 30.17665 -116 4 51.78040 1598.61 -13.56 1598.600 

c ' 17&n 
Latitude Longitude Corrected 

L 
Name Northing Easting dd mm ss.sssss dd mm ss.sssss Elev GSD95W Elev 
9707 6459646.01 567463.41 49 17.15.49960 -116 4 20.22466 1594.51 -13.57 1594.507 
9706 5456711.90 568414.69 49 16 36.39606 -116 3 33.83649 1636.63 -13.59 1636646 

L 9709 9710 5460048.26 5459796.49 567841.36 567743.61 49 49 17 17 21.93690 13.62523 -116 -116 4 4 11.44655 6.22170 1605.76 1615.20 -13.57 -13.57 1605.775 1615.196 
9711 5460544.13 566266.46 49 17 37.76242 -116 3 40.04464 1776.27 -13.57 1776.267 

L 9712 9713 5459220.84 6459160.94 569149.16 569331.61 49 49 16 16 54.50498 52.63980 -116 -116 2 2 46.14296 57.20973 1603.84 1848.07 -13.59 -13.59 1603.659 1846.091 

12301 5459165.19 568630.07 49 16 53.63572 -116 3 22.68556 1660.49 -13.59 1660.512 

L 12307 9714 5456991.99 5459560.63 568792.53 567965.27 49 49 16 17 47.31445 6.06571 -116 -116 3 3 55.55811 14.96499 1637.31 1625.86 -13.59 -13.58 1837.333 1825.873 

c '8Jun 
iprpect Latitude Longitude Corrected 

Name Northing Easting dd mmss.sssss dd mm 55.55855 Elev GSD95W Elev 
-107 5465066.53 560786.59 49 19 58.76819 -115 53 16.97580 1126.37 -13.79 1126.367 

c 9715 5461539.41 572537.39 49 16 8.23536 -116 0 7.96906 1901.92 -13.60 1901.729 
9716 5461554.65 572741.49 49 16 6.64790 -115 59 57.85383 1896.76 -13.61 1896.599 
9717 5461579.62 572940.68 49 18 9.36432 -115 59 47.97467 1667.40 -13.62 1887.229 

c 9719 9718 6481783.09 5461955.52 573027.39 572971.45 49 49 18 18 21.49786 15.29149 -115 -115 59 59 43.43427 46.33114 1856.66 1873.15 -13.62 -13.62 1856.492 1872.983 

9720 5462132.28 573127.79 49 18 27.17781 -115 59 36.34683 1646.06 -13.62 1645.885 

c 9722 9721 5462342.71 5462446.83 573152.92 573379.64 49 49 18 16 33.98008 37.31148 -115 -115 59 59 36.96362 25.67120 1833.41 1814.77 -13.82 -13.62 1833.239 1814.598 
9723 5462552.82 573514.50 49 16 40.82640 -115 59 18.91900 1799.98 -13.62 1799.788 

c 9725 9724 5462674.42 5462768.78 573669.53 573851.51 49 49 18 18 44.46771 47.47227 -115 -115 59 59 10.17079 2.08662 1779.54 1788.99 -13.62 -13.63 1766.827 1779.371 

9726 5463377.32 573908.88 49 19 7.15030 -115 58 58.83947 1714.24 -13.63 1714.078 
c 9727 5463651.59 574025.27 49 19 15.97970 -115 58 52.89185 1689.57 -13.63 1689.407 

19Jun Geoid 
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L 
C KENNECO~ CANADA EXPLORATION INC. 
c 1997 Moyie Gravity Infill Survey 

Real Time Station Locations and Elevation Calculations 
Instrumentation; Trimble FITK 4400 SSI Surveyor 

~.. Surveyed by: Quadra Swveys. June-July 1997 

I Latitude Longitude Corrected 
Name Northing Easting dd mmss.sssss dd mm ss.sssss Elev GSD95W Elev 

c 21102 -105 5460047.20 5459848.40 562697.99 663995.15 49 49 17 17 23.78673 16.91991 -116 -116 6 7 11.69748 6.09346 1777.16 170400 -13.56 -13.57 1777.159 1704.W6 
9726 5459604.10 562939.72 49 17 15.67990 -116 8 4.16562 1669.19 -13.57 1669.197 
9729 5459987.46 c 563185.36 49 17 21.72576 -116 7 51.90221 9730 5460064.72 563510.26 49 17 24.10594 -116 7 35.77566 1654.11 1659.27 -13.56 -13.57 1654.114 1659.277 

9731 5460455.30 563570.05 49 17 36.73026 -116 7 3.2.59226 1630.13 -13.56 1630.130 
9732 5460746.60 563696.21 49 17 46.12133 -116 7 26.17935 1622.76 -13.55 

L 

1622.754 
9734 9733 5461062.66 563790.05 49 17 56.31313 -116 7 21.35174 1599.70 -13.55 1599.685 

5461252.12 563856.76 49 18 2.42266 -116 7 17.93903 1566.01 -13.54 1567.994 
9735 5461520.73 '564079.16 49 16 11.03599 -116 7 6.77260 1578.07 -13.54 1578.048 
9736 5461562.50 563954.23 49 18 12.43561 -118 7 12.93553 1569.88 -13.54 1569.862 

i 9737 5461661.13 563596.60 49 18 15.76360 -116 7 30.58694 1571.02 -13.54 1571.002 
9738 5461807.53 564131.26 49 18 20.30264 -116 7 4.02792 1564.13 -13.54 1564.109 
9739 5461465.80 664403.34 49 18 9.13477 -116 6 50.75388 1635.71 -13.54 1635.691 

2OJun 

c 

Latitude Longitude Corrected 
Name Northing Easting dd mmss.sssss dd mm ss.sssss Elev GSD95W Elev 

-104 5469919.01 568662.34 49 22 41.16172 -116 3 14.63578 1375.80 -13.56 1375.884 

c 9741 9740 5467152.65 5467089.44 569081.12 568771.42 49 49 21 21 11.42281 9.50244 -116 -116 2 3 55.59731 10.98639 1581.21 1524.70 -13.56 -13.56 1524.698 1581.205 
9742 5467122.46 569296.75 49 21 10.35730 -116 2 44.92865 1638.19 -13.57 1638.196 

I 9743 9744 5467153.17 5466699.17 571398.61 571452.48 49 49 21 20 55.75645 10.47929 -116 -116 0 1 50.35781 0.83388 1632.65 1676.42 -13.60 -13.60 1632.688 1676.463 

~~. 23Jun 

I 
Latitude Longitude Corrected 

Name Northing Easting dd mmss.sssss dd mm ss.sssss Elev GSD95W Elev 
-104 

I; 
6469919.01 668662.34 49 22 41.16121 116 

9743 5467092.61 571449.87 49 21 0.49550 116 0 3 58.23315 14.63578 1634.74 1375.08 -13.60 -13.56 1375.884 1634.777 
9745 5467122.01 569325.50 49 21 10.33034 116 2 43.50440 1644.66 -13.57 1644.869 
9746 5467102.92 569437.49 49 21 9.66664 116 2 37.96566 1676.29 -13.57 1676.303 

1 11103 9747 5467130.96 5467161.82 570588.26 570276.59 49 49 21 21 11.22729 10.09879 116 116 1 1 56.33987 1923.36 -13.58 1923.378 
40.91240 1873.47 -13.58 1673.491 

9748 5467110.28 570923.64 49 21 9.26912 116 1 24.30305 1760.23 -13.59 1760.255 

I: 
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KENNECOIT CANADA EXPLORATION INC. 
1997 Moyie Gravity Will Survey 
Real Time Station Locations and Elevation Calculations 
Instrumentaion:TrimbleRTK44OOSSISurveyor 
Surveyed by:QuadraSuweys. June-July1997 
%l-.lun 

Latitude Longitude Corrected 
Name Northing &sting dd mm~.55555 dd mm 55.55ss5 Elev GSD95W Elev 

-104 6469919.01 568662.34 49 22 41.16121 116 3 14.63576 1375.66 -13.56 1375.684 
9749 5467076.56 571649.73 49 21 7.69210 116 0 46.33610 1614.39 -13.60 1614.430 
9750 6466934.21 571962.71 49 21 3.15632 116 0 31.91360 1564.06 -13.61 1564.110 
9751 5466233.66 570972.06 49 20 40.66584 116 1 22.46464 1602.71 -13.59 1602.740 
9752 5466466.95 571316.45 49 20 49.00693 116 1 5.23477 1721.07 -13.59 1721.096 

25Jun 
Latitude Longitude 

Name Northing Easting dd mmrs.sss55 dd mm s5.55555 

-104 5469919.01 566662.34 49 22 41.16121 116 3 14.63576 
23703 5465630.60 573204.37 49 20 20.41706 115 59 32.24372 

9753 5465384.67 572991.47 49 20 12.53970 115 59 42.96463 
9754 5465224.22 572627.22 49 20 7.41559 115 59 51.19653 
9755 5464956.00 572555.74 49 19 56.84760 116 0 4.62427 
9756 5464697.91 572272.30 49 19 50.61266 116 0 19.03116 
9757 5466369.22 573794.46 49 20 44.06916 115 59 2.51260 
9756 5466132.95 573649.23 49 20 36.46244 115 59 9.86737 
9759 5465616.61 573517.09 49 20 26.29765 115 59 16.62532 

Corrected 
Elev GSD95W Elev 

1375.66 -13.56 1375.684 
1960.39 -13.62 1960.447 
1923.46 -13.62 1923.537 
1881.69 -13.61 1661.742 
1615.13 -13.60 1615.170 
1852.13 -13.59 1652.161 
2029.69 -13.63 2029.959 
2011.97 -13.63 2012.042 
1969.36 -13.63 1969.430 

2%.Jun 
Latitude Longitude Corrected 

Name Northing Easting dd mm5s.55sss dd mm ss.sssss Elev GSD95W Elev 
-104 5469919.01 566662.34 49 22 41.16121 116 3 14.63576 1375.00 -13.56 1375.004 
9760 5463566.86 567514.60 49 19 16.60077 116 4 15.40397 1488.96 -13.64 1468.942 
9761 5463250.40 568010.58 49 19 5.50846 116 3 51.05381 1501.77 -13.54 1501.747 
9762 5463033.80 56@453.00 49 10 58.31736 116 3 29.27115 1539.78 -13.55 1539.773 
9763 5462794.30 569297.26 49 18 50.22008 116 2 47.61152 1612.61 -13.66 1612.612 
9764 6463096.69 569728.74 49 18 59.83401 116 2 26.05276 1607.75 -13.56 1607.745 
9765 5463283.44 568441.39 49 19 6.40516 116 3 29.69577 1513.52 -13.55 1513.514 
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c KENNECO’~T CANADA EXPLORATION INC. 

I 
1997 Moyie Gravity Infill Survey 

~ Real Time Station Locations and Elevation Calculations 
Instrumentation;Trimble FtTK44OOSSISuweyor 

~ Surveyedby:QuadraSuweys. June-July1997 
i3OJun 

Latitude Longitude Corrected 
: Name Northing Easting dd mmrs.aasas odd mm ssssees Elev GSDStiW Elev L -105 5459040.40 563995.15 49 17 16.91940 116 7 11.89746 1777.16 -13.56 1777.159 

9761 5459251.33 564053.22 49 16 57.56500 116 7 9.36766 1785.67 -13.57 1705.677 
9766 5459251.33 564053.19 49 16 57.56502 116 7 9.36872 1785.65 -13.57 1785.656 

II 9767 9700 5459306.52 5459060.04 564371.75 564463.39 49 49 16 16 51.25066 59.19664 116 116 6 6 49.03435 53.71311 1761.37 1751.87 -13.58 -13.57 1761.306 1751.000 
9769 5456335.20 564540.66 49 16 27.71723 116 6 45.77437 1693.64 -13.59 1693.671 

c 9770 9771 5457653.39 5457200.11 564572.39 564153.44 49 49 16 15 53.31261 5.62904 116 116 6 7 44.60021 5.55190 1596.23 1644.97 -13.60 -13.61 1596.277 1645.012 

9772 5450394.39 '564367.27 49 16 29.69950 116 6 54.32041 1735.29 -13.59 1735.324 

c 9774 9773 5457039.50 5450658.49 564133.29 563512.93 49 49 16 16 38.33936 12.05711 116 116 7 7 36.91545 5.74676 1786.41 1768.95 -13.50 -13.60 1706.432 1760.908 
9775 5458163.27 563749.18 49 16 22.44940 116 7 25.03965 1018.46 -13.59 1610.494 

c 9776 9777 5450457.02 5458501.32 563834.36 503643.90 49 49 16.33.43434 16 31.95432 116 116 7 7 20.65556 30.05621 1094.65 1892.80 -13.59 -13.59 1894.602 1892.829 

9776 5458573.63 563291.89 49 16 35.90729 116 7 47.43404 1882.40 -13.59 1002.431 

L 
OlJul 

c 

Latitude Longitude Corrected 
~ Name Northing Easting dd mmss.ssess dd mm ss.sssss Elev GSD95W Elev 

-106 5459422.02 566362.10 49 17 2.20502 116 5 14.99081 1776.60 -13.57 1776.601 

I; 7 
9779 5458706.74 565702.32 49 16 41.89199 116 5 40.02242 1762.62 -13.58 1762.020 
9780 5458562.11 565463.40 49 16 34.71100 116 5 59.97850 1730.92 -13.50 1730.925 
9781 5458227.10 565115.47 49 16 23.99706 116 6 17.39208 1671.26 -13.59 1671.203 
9782 5456112.82 565283.06 49 16 20.23295 116 6 9.16733 1660.04 -13.59 1660.061 

c 9783 5457903.77 565728.60 49 16 13.29248 116 47.24304 
9704 5457927.69 565026.07 49 16 14.33746 116 

6 5 
21.99219 

1616.60 1718.50 -13.59 -13.59 1618.622 1710.519 

.. 02-Jul I Latitude Longitude 
Name Northing Easting dd mmss.sssss dd mm ss.sssss 

L 12006 -105 5457951.30 5459048.40 503995.15 562747.80 49 49 17 16 16.91940 15.96123 116 116 7 0 11.89740 14.71193 
9705 5450497.75 562838.61 49 16 33.61070 116 6 9.90966 

c 9706 9787 5456886.56 5459140.04 562071.17 562837.13 49 49 16 16 46.19605 54.44192 116 116 0 8 9.61933 8.07807 

9700 5458597.21 563206.18 49 16 36.70272 116 7 51.66300 

c 9790 9789 5458083.46 5450317.38 563219.30 563157.59 49 49 16 16 27.63726 20.08617 116 116 7 7 51.17285 54.35963 

I- 
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Corrected 
Elev GSD95W Elev 

1777.16 -13.56 1777.149 
1713.99 -13.61 1714.026 
1751.05 -13.60 1751.075 
1774.03 -13.59 1774.045 
1819.66 -13.58 1819.691 
1673.53 -13.59 1073.551 
1047.75 -13.60 1047.777 
1829.55 -13.60 1829.576 



KENNECO~ CANADA EXPLORATION INC. 
1997 Panda Infill Gravity Survey 
Observed Gravity Values - Electronic Notes from Gravity Meter 
Instrumentation; Scintrex CG3 Gravity Meter No.1 0345 
Surveyed by: Quadra Surveys, Gctober 1997 

SCINTREX VS.0 AUTOGRAV I Field Mode R4.4 
Ser No: 10345. 

Line: 1009. Grid: 0. Job: 1. Date: 97/l O/O9 Operator: 777. 
GREF.: 0. mGals Tilt x sensit.: 271.4 
GCAL. 1: 5861.733 Tilt y sensit.: 207.4 
GCAL.2: 0. Deg.Latitude: 49.5 
TEMPCO.: -0.1355 mGal/mK Deg.Longitude: 115.7 
Drift con&: 0.17 GMT Difference: 6hr 
Drift Correction Start Time: 23:33:43 Calafter x samples: 12 

Date: 97107115 On-Line Tilt Corrected = “-’ 

Station Grav. SD. Tilt x Tilt y Temp. 
-101 4208.249 * 0 -4 
-265 4090.689 l 0.1 12 
-265 4090.7 l 0.1 7 

8501 4041.552 l 0.1 -11 
6502 4033.377 l 0.1 31 
8503 4028.293 l 0.1 20 
-101 4206.27 l 0.1 -5 

E.T.C. Dur #Rej Time 
-5 -0.8 0 60 0 8:41:26 
11 -1 -0 60 0 12:04:05 
11 -1 -0 60 0 12:05:35 

8’ -0.9 -0 60 5 123432 
49 -1 -0 60 0 12:47:09 
19 -1.1 -0.1 60 0 135624 
3 -0.9 -0.1 60 0 17:16:38 

SCINTREX V5.0 AUTOGRAV / Field Mode R4.4 
Ser No: 10345. 

Line: 1010. Grid: 0. Job: 1. Date: 97/l O/l 0 Operator: 777. 
GREF.: 0. mGals Tilt x sensit.: 271.4 
GCAL.l: 5661.733 Tilt y sensit.: 287.4 
GCAL.2: 0. Deg.Latitude: 49.5 
TEMPCO.: -0.1355 mGal/mK Deg.Longitude: 115.7 
Drifl const.: 0.17 GMT Difference: 6.hr 
Drift Correction Start Time: 23:33:43 CaLafter x samples: 12 

Date: 97/07/l 5 On-Line Tilt Corrected = “-’ 

Station Grav. SD. Tilt x Tilt y Temf E.1.C Dur # Rejlime 
-101 4208.343 l 0 0 25 -0.8 0 60 0 75940 
-106 4042.657 * 0 -5 16 -1.2 0 60 0 10:57:56 

12309 4090.747 l 0.1 -16 6 -1 0 60 6 11:24:10 
11808 4055.803 l 0  -6 IO -1 0 60 0 11:46:41 
8601 4046.506 l 0.1 25 0 -1 0 60 0 12:01:34 
6501 4041.625 - 0.1 7 27 -1.1 0 60 4 12:lO:tO 
9602 4037.734 l 0.1 -2 20 -1.1 -0 60 2 12120149 
0502 4034.933 l 0.5 0 -43 -1.2 -0 60 0 12:30:36 
0603 4026.525 l 0 13 -28 -1.1 -0 60 16 13:05:42 
8604 4023.417 l 0 -14 41 -1.2 -0 60 0 13:25:41 
6503 4028.293 l 0.1 6 22 -1.2 -0 60 6 13:53:21 
6605 4026.45 l 0.3 8 38 -1.2 -0.1 60 2 14:11:54 
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k KENNECO~ CANADA EXPLORATION INC. 
1 L 1997 Panda Will Gravity Survey 

Observed Gravity Values - Electronic Notes from Gravity Meter 

c 
c 
0 

Instrumentation; Scintrex CG3 Gravity Meter No.10345 
Surveyed by Quadra Surveys. October 1997 

8606 4025.005 l 0.1 20 19 -1.2 -0.1 
6607 4025.633 l 0 22 16 -1.2 -0.1 
6606 4032.456 l 0.4 58 25 -1.3 -0.1 
8609 4033.566 l 0.1 45 21 -1.4 4.1 
6610 4036.912 l 0.3 20 35 -1.4 -0.1 
6611 4042.239 l 0 13 4 -1.4 -0.1 
6612 4059.061 l 0 -11 14 -1.4 -0.1 
6613 4056.924 l 0  6 25 -1.4 -0.1 
-106 4042.579 l 0 7 -6 -1.2 -0.1 
-101 4206.436 l 0 -12 3 -0.9 -0.1 

_- 

SCINTR!ZX V5.0 AUTOGRAV I Field Mode R4.4 
Ser No: 10345. 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

0 14:29:31 
0 15:01:20 
3 15:24:41 
1 15:50:22 
1 16:05:56 
0 16:19:49 
3 16:43:36 
0 17:01:11 
2 16:29:05 
1 206645 

c Line: 1011. Grid: 0. Job: 1. Date: 97/l O/l 1 Operator: 777. 
GREF.: 0. mGals Tilt x sensit.: 271.4 
GCAL. 1: 5661.733 Tilt y sensit: 267.4 
GCAL.2: 0. 

c 

Deg.Latitude: 49.5 
TEMPCO.: -0.1355 mGal/mK Deg.Longitude: 115.7 
Drift const.: 0.17 GMT Difference: 6.hr 
Drift Correction Start Time: 23:33:43 CaLafter x samples: 12 

c 
Date: 97/07/15 On-Line Tilt Corrected = “*’ 

-- ---a--m-m_--- 
Station Grav. SD. Tiltx Tilt Y Temo. E.T.C. Our # Rei Time 

-101 4208.379 l 

-166 4042.646 l 

6701 4021.609 l 

6702 4016.347 l 

6703 4007.952 * 
8704 4003.916 l 

6705 4006.633 l 

6706 4007.096 l 

6707 4006365 l 

6706 4015.109 l 

8709 4000.902 l 

6710 3995.643 - 
-106 4042.596 l 

-101 4206.370 l 

0 -9 6 -0.9 0 $0 
0.3 -33 -15 -1 0 60 
0.1 -13 6 -1 0 60 

0 22 10 -1.1 0 60 
0.1 7 0 -1.1 -0 60 
0.1 0 9 -1.2 -0 60 
0.1 -26 13 -1.2 -0 60 
0.1 -10 20 -1.2 -0 60 
0.1 6 3 -1.1 -0.1 60 
0.3 -24 12 -1.2 -0.1 60 
0.3 0 32 -1.2 -0.1 60 
0.1 -5 11 -1.2 -0.1 60 
0.1 2 11 -1.3 -0.1 60 

0 -17 1 -0.8 -0.1 60 
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0 6:33:14 
1 11:46:08 
1 123416 
0 12:53:00 
3 13:16:04 
2 13:35:28 
4 13:55:1a 
0 14:15:05 
5 14:35:41 
0 146634 
0 15:26:34 
0 15:48:07 
2 17:27:02 
0 19:16:46 



c KENNECOTT CANADA EXPLORATION INC. 
L ; 1997 Panda Infill Gravity Survey 

’ Observed Gravity Values - Electronic Notes from Gravity Meter 
~~_ 

L 
Instrumentation: Scintrex CG3 Gravity Meter No.10345 

i Surveyed by: Quadra Surveys. October 1997 

SCINTREX V5.0 AUTOGRAV I Field Mode R4.4 

I. 
Ser No: 10345. 

’ Line: 1012. Grid: 0. Job: 1. Date: 97llOlt2 Operator: 777. 
GREF.: 0. mGals Tilt x sensit.: 271.4 

1 GCAL.l: 
L 

5661.733 Tilt y sensit.: 207.4 
’ GCAL.2: 0. Deg.Latitude: 49.5 

TEMPCO.: -0.1355 mGal/mK Deg.Longitude: 115.7 
..; Drtft const.: 

I 

0.17 GMT Difference: 6.hr 
Drift Correction Start Time: 23:33:43 Calafter x samples: 12 

Date: 97107ll5 On-Line Tilt Corrected = “-’ 

r 
- 

: Station Grav. SD. Tilt x Tilt v Temo. E.T.C. Dur # Rei Time 
-101 4208.405 * 
-106 4042.683 l 

8801 4038.06 * 
6802 4043.993 l 

8803 4045.573 l 

8804 4053.262 l 

8805 4045.019 l 

8006 4045.737 l 

6607 4041.101 l 

8608 4034559 * 
-106 4042.667 l 

-101 4208.36 l 

0 -4 6 -0.8 0 60 1 8127142 
0.1 -12 13 -0.7 0 60 1 12:04:14 
0.1 4 11 -0.0 0 60 4 13:20:01 
0.2 15 -56’4I.8 -0 60 0 133645 

0 50 4 -0.9 -0 60 3 14:21:12 
0.1 16 25 -1 -0.1 60 0 15:02:47 
0.4 138 16 -1.1 -0.1 60 0 15:43:25 
0.2 18 28 -1.1 -0.1 60 0 16:28:50 

0 10 7 -1.1 -0.1 60 4 16:51:24 
0 -9 24 -1.1 -0.1 60 4 17:15:54 

0.1 -15 -2 -1.2 -0.1 60 0 16:45:55 
0 -19 10 -0.7 -0 60 0 21:53:42 
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KENNECOTT CANADA EXPLORATION INC. 
1997 Moyie Gravity lnfill Survey 
Observed Gravity Values - Electronic Notes from Gravity Meter 
Instrumentation:Sdnw~CG3GravityMeterNo.10345 
SuweyedbyzQuadraSurveys. June-July1997 
0perator:Tam Mitchell 

Gravity Field Values 

Jun-16 
station Grav. SD. Tilt x Tilt y Temp. E.T.C. Dur #Rej Time 

-101 4193.003 0.02 5 4 -0.96 0.01 60 1 0:17:19 
-106 4027.498 0.208 -34 -17 -0.76 0.052 60 0 12:53:15 
9701 4024.319 0.03 4 -8 -0.94 0.02 60 1 14:17:15 
9702 4026.307 0.032 10 5 -0.84 -0.002 60 0 15:05:53 
9703 4049.596 .O.C64 -24 7 -0.87 -0.015 60 0 15:34:12 
9704 4051.003 0.019 1 5 -0.65 -0.033 60 0 16:18:06 
9705 4060.101 0.021 0 -5 -0.9 -0.043 60 2 16:47:36 
9706 4062.194 0.021 11 4 -0.91 -0.052 60 0 17:19:06 
-101 4193.051 0.026 -9 2 -0.63 0.055 60 0 21:04:22 

Jun-17 
Station Grav. SD. Tilt x Tilt y Temp. E.T.C. Dur #Rej Time 

-101 4192.996 0.018 12 5 -1.03 -0.001 60 3 8:ll:lO 
-106 4027.312 0.018 -6 0 -1.07 0.065 60 1 10:19:03 

9707 4063.5 0.025 3 -6 -1.04 0.084 60 0 11:46:07 
9708 4052.743 0.02 4 1 -1.15 0.084 60 1 12:11:28 
9709 4060.995 0.016 3 2 -1.16 0.076 60 6 12:53:10 
9710 4056.696 0.015 -6 3 -1.19 0.069 60 0 13:23:29 
9711 4026.13 0.133 -20 1 -1.16 0.054 60 0 14:01:46 
9712 4009.462 0.03 -15 -10 -1.19 0.035 60 0 14:41:12 
9713 4016.205 0.051 6 -7 -1.28 0.024 60 0 15:01:02 

12301 4047.62 '0.128 4 1 -1.27 0.006 60 0 153353 
9714 4051.624 0.041 20 14 -1.21 -0.007 60 0 15:55:49 

12307 4055.83 '0.036 0 4 -1.2 -0.021 60 2 16:23:26 
-101 4192.918 0.02 7 -8 -1.15 -0.076 60 1 19:04:18 
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KENNECO~ CANADA EXPLORATION INC. 
1997 Moyie Gravity Infill Survey 
Observed Gravity Values - Electronic Notes from Gravity Meter 
InotrumentahxScintrexCG3 Gravity Meter No.10345 
Suweyed by~QuadraSu!veye. June-July1997 
0perator:Tam Mitchell 

Gravity Field Values 

Jun-18 
Station Grav. SD. Tilt x Tilt y Temp. E.T.C. Dur #Rej Time 

-101 4192.899 0.024 6 6 -1.13 -0.012 80 0 8:18:23 
-107 4152.039 0.029 -19 16 -1.1 0.035 60 0 9:32:08 
9715 4000.021 0.021 1 6 -1.13 0.086 60 I 11:10:16 
9716 4001.356 .0.026 -2 4 -1.32 0.093 80 0 11:31:02 
9717 4004.237 0.029 2 -1 -1.21 0.097 60 0 11:47:29 
9718 4007.672 0.03 0 2 -1.27 0.099 60 0 11:57:41 
971s 4010.784 0.041 -5 -6 -1.20 0.1 60 16 12:07:51 
9720 4013.813 0.028 2 2 -1.29 0.101 60 0 12:16:04 
9721 4016.075 0.024 7 3 -1.27 0.102 80 0 12:34:40 
9722 4019.726 0.022 -9 6 -1.27 0.101 60 0 12:48:55 
9723 4022.718 0.068 -26 4 -1.31 0.1 60 13 12:57:13 
9724 4027.287 0.029 -5 14 -1.31 0.098 60 2 13:08:51 
9725 4029.943 0.03 1 7 -1.32 0.096 60 0 13:16:33 
9728 4041.018 0.046 4 5 -1.32 0.091 60 20 13138~42 
9727 4045.902 0.082 1 10 -1.31 0.086 60 0 13:48:00 
-101 4192.977 0.049 8 6 -1.05 0.042 80 3 15:20:53 

Jun-19 
Station Grav. SD. Tilt x Tilt y Temp. E.T.C. Dur #Rej Time 

-101 4192.863 0.014 
-105 4027.1t3 0.015 

21102 .4039.67 l 0.030 
9728 4044.249 0.155 
9729 4046.966 0.029 
9730 4050.398 0.014 
9731 4056.022 0.017 
9732 4057.761 0.014 
9733 4062.222 0.064 
9734 4064.528 0.041 
9735 4066.532 0.074 
9736 4068.174 0.136 
9737 4067.331 0.345 
9738 4069.547 0.133 
973s 4055.101 0.018 
9732 4057.72 0.025 

21102 .4039.63 '0.016 
-105 4027.128 0.024 
-100 4192.807 0.031 

14 
6 

10 
-30 
-23 

4 
-13 
70 
24 
14 
30 

2 
16 
57 
13 
41 

4 
3 

-7 

9 -1.17 -0.032 
7 -1.45 0.086 
7 -1.33 0.11 

-15 -1.42 0.114 
24 -1.48 0.115 

-12 -1.5 0.11 
-2 -1.47 0.106 

-to -1.49 0.101 
15 -1.49 0.091 

-23 -1.49 0.072 
5 -1.46 0.054 

30 -1.55 0.043 
-45 -1.55 0.027 
16 -1.56 0.007 

-12 -1.58 -0.037 
-8 -1.6 -0.05 
1 -1.6 -0.064 

17 -1.52 -0.078 
14 -1.23 -0.077 
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60 
60 
80 
60 
60 
60 
60 
60 
80 
60 
60 
60 
60 
60 
60 
80 
60 
60 
60 

5 8:19:16 
0 t1:19:12 
t t2:21:57 
0 12:54:43 
0 13:16:11 
1 13:49:23 
0 14:05:54 
0 14:22:17 
9 14:43:29 
5 15:21:12 
0 154934 
3 16:06:03 
2 16:27:40 
0 18:55:49 
2 t8:01:50 
0 t8:22:51 
0 16:50:50 
0 19:28:01 
0 23:09:41 



c KENNECO~T CANADA EXPLORATION INC. 
1 
~1 1997 Moyie Gravity Mill Survey 

Observed Gravity Values - Electronic Notes from Gravity Meter 
Instrumentation: Sctntrax 033 Gravity Meter No.1 0345 

L 1 Sutv9ed bv: Quadra Sutvays. June-July 1997 
’ Operator: Tam Mitchell 

t 
1 Gravity Field Values 

c 
Jun-20 

i GCAL.l: 5661.733 Tilt y sensit.: 274.0 
GCAL.2: 

1~. TSMPCO.: ” 
Deg.Latitude: 49.5 

-0.1355 mGal/mK Deg.LongitudNin enur 
~ Dflft wrist.: 0.24 GMT Difference: 6hr 

- Dri9 Correction Start -Time: 07:35:59 CaLafter x samples: 

L 
Data: 97/06/20 On-Line Tilt Corrected = “*’ 

Rem01 Redo 
Stll Time Grav Tides Tides Grav 

1 -101 -104 10:01:39 II:1336 4196.2 4112.2 0.07 0.06 0.019 -0.03 4112.3 4196.3 

9740 12:16:36 4081.3 0.06 0.063 4081.5 
9741 12:57:22 4070.4 0.07 0.093 4070.6 

c 9742 13:47:14 4059.5 0.08 0.112 4059.7 
9743 15:37:04 4063.1 0.1 0.116 4063.3 
9744 16:13:37 4054.5 0.1 0.103 4054.7 

6 10704 10703 16:36:02 16:44:36 4067.1 4064 0.09 0.09 0.092 0.086 4067.3 4064.2 

10702 16:50:03 4069.1 0.09 0.063 4069.3 

0 10701 -104 16:56:51 17:20:46 4072.2 4112.2 0.06 0.06 0.064 0.08 4072.4 4112.4 
-101 l&13:35 4196.4 0.05 0.028 4196.5 

c 23Jun 
Station Time Grav. 

c -101 -104 
9743 

E 9741 9740 

9745 
L 11103 9746 

9747 
E 9743 9746 

-104 
c -100 

9:58:42 4196.8 
11:09:59 4112.7 
12:lO:Ol 4063.5 
13:Ol:lO 4082 
13:33:54 4071.1 
14:20:34 4050.7 
15: 13127 4052.3 
16:59:14 4002.42 
17:30:21 4013.7 
17:55:31 4036.5 
l&31:35 4063.4 
19:51:18 4112.7 
20:37:20 4196.6 
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I KENNECOITT CANADA EXPLORATION INC. 

t 

1997 Moyie Gravity Infill Survey 
Observed Gravity Values - Electronic Notes from Gravity Meter 
Instrumentation: Scintrex OG3 Gravity Meter No.10345 

: 
t 

Surveyed by: Quadra Surveys. June -July 1997 
Operator: Tam Mitchell 

” 
L 

Gravity Field Values 

L 

24-Jun 
Station Grav. SD. 

-101 4196.761 0.013 

D 9743 -104 4063.423 4112.756 0.013 0.022 
9749 4067.546 .0.015 

t 9743 9750 4075.999 4063.512 0.022 0.201 

9744 4055.2 0.06 
9751 4029.911 0.016 

I _I 9752 4046.297 0.015 
9743 4063.364 0.019 

Tilt y Temp. E.T.C. Dur #Rej Time 
1 -0.46 -0.073 60 0 6:36:03 
4 -0.47 -0.084 60 1 I:1 3:43 Calculated Value 
1 -0.39 -0.029 60 0 11:56:26 from below 

33 -0.44 -0.017 60 0 12:22:16 
-22 -0.29 0.013 60 1 13:22:16 
22 -0.37 0.038 60 3 14:10:22 

5 -0.48 0.043 60 0 14:27:07 
-5 -0.54 0.056 60 0 15:09:00 
2 -0.59 0.07 60 0 16:09:11 

'-6 -0.59 0.07 60 0 16:31:41 
6 -0.37 0.066 60 0 17:19:13 

14 -0.65 0.046 60 3 16:16:50 
Batteryfalure resetclodc below, used difference between value read at -101at0:06:41 
and at16:16:50to calculate a checkat -104 

i -104 -104 4102.253 4102.246 0.025 0.019 1 1 2 3 -0.47 -0.47 -0.064 -0.064 60 60 4 1 1:12:18 1:10:57 

-104 4102.247 0.013 1 4 -0.47 -0.064 60 1 1:13:43 
-101 4186.295 0.035 7 -16 -1.42 -0.064 60 0 0:08:41 

10.509 

Tilt x 
0 
1 

-5 
11 
-9 

-11 
14 
-2 
5 

-6 
12 
7 

c 
.- 
1 
L 
r 

25Jun 
Station Grav. SD. Tilt x Tilt y Temp. E.T.C. Dur #Rej Time 

-101 4196.771 0.023 15 -13 -0.35 -0.05 60 0 6:33:05 
-104 4112.761 0.015 3 -6 -0.43 -0.056 60 0 10:13:50 

23703 3995.95 '0.036 -2 11 -0.35 -0.031 60 0 12:39:27 
9753 4002.016 0.118 3 22 -0.35 -0.016 60 0 13:19:58 
9754 4010.609 0.029 4 6 -0.32 -0.006 60 1 13:46:24 
9755 4024.66 0.304 24 -16 -0.24 0.005 60 1 14:22:17 
9756 4017.344 0.27 -58 9 -0.41 0.029 60 4 15:35:45 

23703 3996.12 '0.036 -7 0 -0.26 0.043 60 0 17:12:36 
9757 3980.395 0.024 2 7 -0.33 0.042 60 1 17:26:16 
9758 3984.627 0.033 -10 0 -0.35 0.041 60 0 17:39:35 
9759 3990.044 0.036 6 -1 -0.36 0.038 60 2 l&11:25 
-104 4112.75 0.024 -3 IO -0.23 0.016 60 0 19:27:43 
-101 4196.802 0.025 -8 1 -0.19 -0.01 60 0 20:28:39 

Id 26.Jun 
~, Station Grav. SD. 

1 

Tilt x Tilt y Temp. E.T.C. Dur #Rej Time 
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KENNECOTT CANADA EXPLORATION INC. 
1997 Moyie Gravity Infill Survey 
Observed Gravity Values - Electronic Notes from Gravity Meter 
Ins~mentation:ScintrexC03Gravi(yMeterNo.l0345 
Surveyed by Quadra Surveys. June -July 1997 
operator: Tam Mteil 

Gravity Field Vakms 

-101 4196.772 0.015 10 20 -0.34 -0.024 80 0 9:08:34 
-104 4112.768 0.025 -8 1 -0.31 -0.034 80 1 10:36:51 
9760 4087.756 0.028 -1 4 -0.35 -0.038 80 0 11:54:03 
9781 4085.067 0.214 41 -15 -0.35 -0.035 80 2 12:54:22 
9782 4077.983 0.047 18 3 -0.34 -0.027 80 1 13:56:08 
9783 4063.804 0.179 7 0 -0.31 -0.009 80 0 15118~41 
9784 4063.895 .0.128 -13 22 -0.33 0 60 0 16:02:24 
9785 4082.852 0.043 -22 -25 a.3 0.008 80 3 16:47:16 
9780 4087.921 0.022 -2 4 -0.29 0.013 80 0 17:38:22 
-104 4112.667 0.085 -11 42 -0.21 0.014 80 0 16:14:42 
-101 4196.932 0.044 2 18 -0.18 0.001 60 1 19:49:37 

30&n 
Station Grav. SD. Tilt x Tilt y Temp. E.T.C. Dur #Rej Time 

-101 4196.97 0.02 114 
-101 4196.904 0.019 4 
-101 4198.905 0.026 6 
-105 4031.372 0.04 1 
-105 4031.369 0.038 -17 
-104 4031.297 0.037 -22 
-105 4031.351 0.03 4 

9766 4029.545 0.026 7 
9766 4029.546 0.032 16 
9766 4029.546 0.02 2 
9767 4034.389 0.015 2 
9767 4034.387 0.017 1 
9767 4034.366 0.019 -10 
9768 4036.441 0.063 -23 
9768 4036.394 0.046 -44 
9788 4036.393 0.037 44 
9769 4048.829 0.026 -3 
9769 4046.626 0.017 4 
9770 4055.025 0.206 40 
9770 4055.069 0.127 89 
9771 4062.957 0.046 3 
9771 4062.951 0.018 2 
9772 4038.836 0.032 -7 
9772 4038.843 0.035 -16 
9773 4028.121 0.066 -15 
9773 4028.125 0.044 1 
9794 4029.073 0 26 
9774 4029.055 0.015 0 

92 -0.75 0.041 
2 -0.74 0.042 
5 AI.74 0.043 
3 -0.78 0.078 
3 -0.76 0.078 

-3 -0.86 0.079 
9 -0.86 0.079 
5 -0.66 0.079 
7 -0.68 0.079 
6 -0.68 0.079 
4 -0.78 0.077 
0 -0.75 0.077 

-9 -0.74 0.077 
15 -0.78 0.072 
-3 -0.76 0.07 

-11 -0.77 0.07 
4 -0.73 0.063 
2 -0.72 0.083 
7 -0.7 0.057 

4 -0.7 0.056 
9 -0.7 0.053 

13 -0.7 0.052 
-3 -0.71 0.038 
-8 -0.7 0.037 
3 -0.89 0.026 

15 -0.68 0.025 
-1 -0.65 0.001 
3-0.66 0 
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60 2 853~37 
60 0 8:55:42 
60 0 8:57:02 
60 0 10:40:11 
60 0 10:41:47 

2 0 10:51:57 
80 1 10:52:24 
60 1 11143~38 
80 0 11:45:37 
60 0 11:47:00 
60 0 115854 
60 0 12X016 
60 0 12:02:10 
60 0 12:26:11 
60 0 12:32:02 
60 4 12:33:34 
80 0 1254:s 
80 1 12:56:14 
60 0 13:10:55 
60 6 13:12:52 
60 0 13:20:29 
60 0 13:23:04 
60 0 13:52:25 
60 7 13:54:04 
80 2 14:15:55 
60 5 14:18:20 

1 0 15:05:08 
60 1 15:05:53 



L KENNECO~ CANADA EXPLORATION INC. 
~., 1997 Moyie Gravity Mill Survey L Observed Gravity Values - Electronic Notes from Gravity Meter 

In~umentation:ScintraxCG3GravityMeterNo.lW45 
7 Surveyed by:QuadraSuweys. June-July1997 

t ~Opentor:TamMitchell 

‘- Gravity Field Values L 
9774 4029.06 0.014 3 2 -0.65 -o.Wl 

c 9775 9775 4020.757 4020.756 0.013 0.026 -1 5 17 10 -0.71 -0.7 -0.006 -o.ow 

9776 4005.07 0.055 13 13 -0.70 -0.017 

ll 9776 9777 4005.069 4005.555 0.034 0.117 7 3 24 5 -0.75 -0.75 -0.019 -0.031 
9777 4005.556 .0.035 -3 4 -0.74 -0.032 

b 
9776 4006.672 0.021 -7 6 -0.65 -0.037 
9776 4006.662 0.017 3 16 -0.63 -0.038 
-105 4031.3 0.023 -11 0 -0.74 -0.067 
-105 4031.309 0.019 -3 5 -0.73 -0.067 

I: -101 4197.001 0.016 -1 -0.62 -0.072 
-101 4196.993 0.023 0 i- -0.63 -0.072 
-101 4196.966 0.019 2 3 -0.64 -0.072 

c 1Jul 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

2 15:09:07 
0 15:16:36 
1 15:16:07 
1 15:39:51 
0 15:43:41 
0 16:07:40 
2 16:0934 
7 16:23:35 
1 16:25:14 
0 16:03:06 
0 16:04:35 
1 19:22:07 
0 19:24:x 
0 19:26:15 

Grav. 
-101 

SD. 

9760 
-106 
9779 
9760 
9761 
9762 
9763 
9764 
-106 
9760 
-101 

4196.936 
4066.05 

4031.336 
4033.455 
4039.516 

4050.53 
4052.747 
4041.136 
4060.045 
4031.315 
4066.002 
4197.005 

Tilt x Tilt y Temp. E.T.C. Dur # Rej Time 
0.025 
0.032 
0.035 
0.054 

0.06 
0.016 
0.024 
0.027 
0.022 
0.162 
0.013 
0.016 

-9 - 16 -6.65 0.015 
9 2 -0.76 0.067 

-14 9 -0.76 0.094 
-7 6 -0.72 0.093 

-16 6 -0.77 0.091 
2 0 -0.75 0.067 

-12 7 -0.76 0.065 
-11 9 -0.77 0.07 
14 9 -0.71 0.059 

-21 5 -0.54 -0.051 
-15 2 -0.57 -0.061 

-1 20 -0.57 -0.076 

60 -0 
60 3 
60 1 
60 3 
60 22 
60 0 
60 0 
60 3 
60 1 
60 0 
60 3 
60 0 

6~31~47 
10:53:21 
11:24:17 
12:42:19 
12146142 
13:06:12 
13:13:10 
13:49:56 
14:14:23 
17:30:12 
17:54:44 
19:12:25 
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KENNECO~ CANADA EXPLORATION INC. 
1997 Moyie Gravity Mill Survey 
Observed Gravity Values - Electronic Notes from Gravity Meter 
Inrtrumentltion;ScintrexCG3GraviiyMeterNo.10345 
SurveyedbyzQuadraSuweye. June-July1997 
Opefator:TamMitchell 

Gravity FirldValuea 

2Jul 
Station Grav. SD. Tilt x Tilt y Temp. E.T.C. Our #Rej Time 

-101 4196.959 0.009 1 0 -0.83 -0.016 60 0 6:17:23 
-105 4031.413 0.025 -5 -2 -0.67 0.05 60 0 9:56:16 

12008 4040.75 l 0.011 6 8 -0.77 0.076 60 0 10:46:23 
9765 4034.027 .0.239 -23 -20 -0.65 0.107 60 2 12:35:10 
9786 4029.949 0.062 -2 15 -0.94 0.104 60 4 13:10:46 
9767 4021.23 0.072 -92 -21 -0.88 0.093 60 0 13:54:25 
9786 4010.969 0.03 -11 11 -0.83 0.045 60 0 15:27:15 
9789 4015.682 0.042 3 -11 -0.87 0.033 60 3 15:45:15 
9790 4017.637 0.04 -8 6 -0.86 0.017 60 2 16:09:32 

12008 4040.72 '0.026 -20 -10 -0.92 -0.018 60 0 17:03:29 
-105 4031.389 0.017 3 4 -0.86 -0.04 60 0 17:41:20 
-101 4197.035 0.013 8 -2 -0.74 -0.079 60 0 19:24:42 
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KENNECOTT CANADA EXPLORATION INC. 
1997 Panda Gravity Survey 
Observed Gravity Data Reduction and Calculations 

Surveyedby:QuadraSuweys. October1997 
0perator:Tam Mitchell 

Meter IH 
Reading CON. 

Station mGal Time IH mGal 

Drift Uncalibrated 

Drift 
CON. 
mGal 

Base Obeetved 
Shift Gravity Notes 

-101 4208.249 8:41:26 0.54 4208.42 0.00 4206.42 976479.71 980668.13 -tOI 
-265 4090.7 12:05:35 0.53 4090.66 -0.01 4090.65 976479.71 980570.56 -265 
8501 4041.552 12:34:32 0.57 4041.73 -0.01 4041.72 976479.71 980521.43 8601 
8502 4033.377 12:47:09 0.58 4033.56 -0.01 4033.55 978479.71 980513.26 8502 
8503 4028.293 13:56:24 0.43 4028.43 -0.01 4028.42 976479.71 980608.13 8503 
-101 4206.27 17:16:36 0.54 4206.44 -0.02 4208.42 976479.71 960686.13 -101 LoopTie0.02 

-101 4208.343 7:56:40 0.54 4206.51 
-106 4042.657 10:57:56 0.57 4042.63 

12309 4090.747 11:24:10 0.6 4090.93 
11808 4055.803 11:46:41 0.57 4055.98 

8601 4046.508 12:01:34 0.57 4046.68 
6501 4041.625 12:lO:lO 0.56 4041.60 
6602 4037.734 12:20:49 0.55 4037.90 
8502 4034.933 12:30:36 0.57 4035.11 
8603 4020.525 13:05:42 0.51 4028.66 
8604 4023.417 13:25:41 0.52 4023.58 
6503 4028.293 13:53:21 0.49 4026.44 
8605 4026.45 14:11:54 0.49 4026.60 
8606 4025.005 14:29:31 0.53 4025.17 
6607 4025.633 15:01:20 0.57 4025.81 
8608 4032.456 15:24:41 0.53 4032.62 
8609 4033.568 15:50:22 0.52 4033.73 

-0.18 
0.00 

-0.02 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 

4206.51 976479.62 980688.13 -101 
4042.81 978479.62 960522.43 -106 
4090.91 976479.62 980570.53 12309 
4055.95 978479.62 980535.57 11808 
4046.65 976479.62 980526.27 8601 
4041.77 976479.62 960521.39 8501 -0.04 
4037.67 978479.62 980517.49 8802 

-0.03 4035.08 976479.62 980514.70 8502 High SDin G Meter(donotuse) 
-0.04 4028.64 976479.62 980508.26 8603 
-0.04 4023.54 976479.62 980503.16 8604 
-0.04 4028.40 976479.62 960506.02 8503 -0.11 
-0.05 4026.66 976479.62 980506.18 8605 
-0.05 4025.12 976479.62 980504.74 8606 
-0.05 4025.76 978479.62 960505.38 8607 
-0.06 4032.57 976479.62 980512.19 8608 
-0.06 4033.67 978479.62 960513.29 8609 
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KENNECOTT CANADA EXPLORATION INC. 
1997 Panda Gravity Survey 
Observed Gravity Data Reduction and Calculations 
Instrumentation: ScintrexCG3 Gravity Meter No.10345 
SuweyedbyzQuadraSuweys. Octoher1997 
0perator:Tam Mitchell 

Meter IH Drift Uncalibrated 
Reading COW. CON. Base Observed 

Station mGal Tlme IH mGal Drift mGal Shift Gravity Notes 
8610 4036.912 16:05:56 0.53 4037.08 -0.08 4037.02 976479.62 980516.64 8610 
8611 4042.239 16:19:49 0.56 4042.41 -0.06 4042.35 976479.62 980521.97 8611 
8612 4059.061 16:43:38 0.55 4059.23 -0.06 4059.17 976479.62 980538.79 8612 
8613 4058.924 17:Ol:ll 0.53 4059.08 -0.07 4059.02 976479.62 980538.64 8613 
-106 4042.579 18:29:05 0.56 4042.75 -0.08 4042.67 976479.62 888522.29 -106 
-101 4208.436 20:06:45 0.54 4208.60 -0.09 4208.51 976479.62 980688.13 -101 LoopTie0.09 

-101 4208.379 8:33:14 0.54 4208.55 0.00 4206.55 976479.58 980688.13 -101 
-106 4042.646 11:46:08 0.52 4042.81 0.00 4042.81 976479.58 980522.39 -108 
8701 4021.609 12:34:16 0.5 4021.76 0.00 4021.78 976479.58 980501.34 8701 
8702 4018.347 12:53:00 0.53 4018.51 0.00 4018.51 976479.58 980498.09 8702 
8703 4007.952 13:18:04 0.47 4008.10 0.00 4cO8.10 976479.58 980487.68 0703 
8704 4003.918 13:35:28 0.54 4004.08 0.00 4004.08 976479.58 980483.66 8704 
8705 4006.633 13:55:18 0.53 4006.80 0.00 4ofx.80 976479.58 980486.38 8706 
8706 4007.096 14:15:05 0.53 4007.26 0.00 4007.26 976479.58 980486.84 8706 
8707 4006.365 14:35:41 0.54 4006.53 0.00 4006.53 976479.58 980486.11 8707 
8708 4015.109 145634 0.53 4015.27 0.00 4015.27 976479.58 980494.85 8708 
8709 4000.902 15:26:34 0.52 4001.06 0.00 4001.06 976479.58 980480.64 8709 
8710 3995.643 15:48:07 0.54 3995.81 0.00 3995.81 976479.58 980475.39 8710 
-106 4042.596 17:27:02 0.56 4042.77 0.00 4042.77 976479.58 980522.35 -108 
-101 4208.378 19:16:46 0.54 4208.54 0.01 4208.55 976479.58 980688.13 -101 Loop TieO.O1 

0.07 
-101 4208.405 8127142 0.54 4208.57 0.00 4208.57 976479.56 980688.13 -101 
-106 4042.683 12:04:14 0.59 4042.87 0.01 4042.88 978479.56 980522.44 -108 
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KENNECOTT CANADA EXPLORATION INC. 
1997 Panda Gravity Survey 
Observed Gravity Data Reduction and Calculations 

Suweyedby:QuadraSunreys. Ocioier1997 
Operator: Tam Mitchell 

Meter IH 
Reading con. 

Station mGal The IH mGal 
8801 4038.08 13:20:01 0.5 4038.23 
8802 4043.993 13:38:45 0.45 4044.13 
8803 4045.573 14:21:12 0.45 4045.71 
8804 4053.282 15:02:47 0.53 4053.45 
8805 4045.019 15:43:25 0.5 4045.17 
8806 4045.737 16:28:50 0.55 4045.91 
8807 4041.101 16:51:24 0.53 4041.26 
8806 4034.559 17:15:54 0.53 4034.72 
-106 4042.687 18:45:55 0.57 4042.84 
-101 4208.36 21~53~42 0.54 4208.53 

Drift 

Drift 
corr. 
mGal 

Uncalibrated 
Base Observed 
Shin Gravity Notes 

0.01 4038.25 976479.56 980517.81 8801 
0.02 4044.15 976479.56 980523.71 8802 
0.02 4045.73 976479.56 980525.29 8803 
0.02 4053.47 976479.56 980533.03 8804 
0.02 4045.19 976479.56 980524.75 8805 
0.02 4045.93 976479.56 980525.49 8806 
0.02 4041.29 976479.66 980520.85 8807 
0.03 4034.75 976479.56 980514.31 8808 
0.03 4042.87 976479.56 980522.43 -106 
0.04 4208.57 976479.56 980668.13 -101 Lcop Tie -0.04 



LKENNECOTT CANADA EXPLORATION INC. 
L 11997 Moyie Gravity Mill Survey 

Observed Gravity Data Reduction and Calculations 
nstrumentatlon: Sclntrex CG3 Gravity Meter No.10345 

by: Quadra Surveys. June -July 1997 

anda Basin Area 
19&n 

Station 
-101 

I .~. 9701 -106 

9702 
c 9704 9703 

9705 

k 9706 -101 

c 17Jun 

Meter IH Ddtt 
Reading COK. con. Base Obsewed 

mGal Time IH mGal Drift mGal Shift Gravity Notes 
4193.00 8:17:19 0.53 4193.17 0 4193.17 976494.98 980688.13 980688.13 

c 

Station 
-101 
-106 
9707 

c 9708 
9709 
9710 

c 9711 9712 
9713 

c 12301 9714 
12307 

c -101 

4027.50 
4024.32 
4028.31 
4049.80 
4051.00 
4060.10 
4062.19 
4193.05 

12:53:15 0.46 
14:17:15 0.5 
15:05:53 0.56 
15:34:12 0.57 
18:18:06 0.56 
16:47:36 0.58 
17:lQ:ce 0.54 
21:04:22 0.53 

4027.64 
4024.47 
4028.48 
4049.77 
4051.18 
4060.28 
4062.36 
4193.21 

-0.02 
-0.02 
-0.03 
-0.03 
-0.03 
-0.03 
-0.04 
-0.05 

4027.62 
4024.45 
4028.45 
4049.74 
4051.15 
4060.25 
4062.32 
4193.17 

976494.96 980522.58Tie-.08 mGal 
976494.98 980519.42 
976494.98 980523.41 
976494.98 980544.71 
976494.96 980546.11 
976494.96 980555.21 
976494.98 980557.28 
976494.98 980688.13 LoopTie-.05mGal 

Reading 
mGal 

4193.00 
4027.31 
4063.50 
4052.74 
4061.00 
4058.70 
4026.13 
4009.46 
4018.21 
4047.62 
4051.62 
4055.63 
4192.92 

Time IH 
8:ll:lO 0.52 

10:19:03 0.55 
11:46:07 0.58 
12:11:28 0.55 
12:53:10 0.57 
13:23:29 0.56 
14.01.46 0.57 
14:41:12 0.56 
15:01:02 0.55 
15:33:53 0.58 
15:55:49 0.54 
16:23:26 0.56 
19:04:16 0.51 

IH 
COK. 
mGal 

4193.16 
4027.48 
4063.68 
4052.91 
4061.17 
4058.87 
4026.31 
4009.63 
4018.37 
4047.80 
4051.79 
4056.01 
4193.08 

Drift 
0 

0.01 
0.02 
0.02 
0.03 
0.03 
0.04 
0.04 
0.04 
0.05 
0.05 
0.05 
0.06 

Drift 
con: 
mGal 

4193.16 
4027.49 
4063.70 
4052.93 
4061.20 
4058.90 
4026.35 
4009.87 
4018.41 
4047.85 
4051.84 
4056.06 
4193.16 

Base Obsetwd 
Shift Gravity Notes 

976494.97 980688.13 
976494.97 980522.48 
976494.97 980556.67 
976494.97 980547.90 
976494.97 980556.17 
976494.97 980553.67 
976494.97 980521.32 
976494.97 980504.64 
976494.97 960513.38 
976494.97 980542.82 Tie 
978494.97 980546.81 
97649497 980551.03 Tie 
976494.97 980688.13 LoopTie-. 

Or 



u KENNECOTT CANADA EXPLORATION INC. 

1 ] 1997 Moyie Gravity Mill Survey 
Observed Gravity Data Reduction and Calculations 

n 
Instrumentation: Sclntrex 033 Gravity Meter No.10345 
SurveyedbyzQuadraSuweys. June-July1997 

Y 
IS-Jun 

station 
-101 
-107 
9715 

c 

,9716=22,c 
9717 
9716 

r 9719 

9722 
9723 
9724 

li 

9725 
9726 
9727 

1 
-101 

P 
19&n 

Station 
-101 
-105 

21102 
9726 
9729 
9730 

c ~~. 9731 9732 
9733 

G 9737 9736 
9739 

r. 9732 

1 21102 
-105 

c -IO’ 

Meter 
Reading 

rnGal Time IH 
4192.90 6:16:23 0 
4152.04 9:32:06 0 
4Oa3.02 11:10:16 0 
4001.36 11:31:02 0 
4004.24 11147129 0 
4007.67 11:57:41 0 
4010.76 12:07:51 0 
4013.61 12:16:04 0 
4016.06 12:34:40 0 
4019.73 12:46:55 0 
4022.72 12:57:13 0 
4027.29 13:06:51 0 
4029.94 13:16:33 0 
4041.02 13:36:42 0 
4045.90 13:48:00 0 
4192.96 15:20:53 0 

Meter 
Reading 

mGal Time IH 
4192.66 6:19:16 
4027.11 11:19:12 0 
4039.67 12:21:57 0 
4044.25 12:54:43 0 
4046.97 13:16:11 0 
4050.40 13:49:23 0 
4056.02 14:05:54 0 
4057.76 14:22:17 0 
4062.22 14:43:29 0 
4064.53 15:21:12 0 
4066.53 15:49:34 0 
4068.17 16:06:03 0 
4067.33 16:27:40 0 
4069.55 16:55:49 0 
4055.10 16:01:50 0 
4057.72 16:22:51 0 
4039.63 16:50:50 0 
4027.13 19:26:01 0 
4192.61 23:09:41 0 

IH Drift 
corr. con. Base Observed 
mGal Drift mGal Shiff Gravity Notes 

4192.90 0 4192.90 976495.23 960686.13 
4152.04 -0.01 4152.03 976495.23 960647.26 
4000.02 -0.03 3999.99 976495.23 960495.22 
4001.36 -0.03 4001.33 976495.23 960496.56 
4004.24 -0.03 4004.21 976495.23 960499.44 
4007.67 -0.03 4007.64 976495.23 960502.67 
4010.76 -0.04 4010.74 976495.23 960505.97 
4013.61 -0.04 4013.57 976495.23 960506.60 
4016.06 -0.04 4016.04 976495.23 960511.27 
4019.73 -0.04 4019.69 976495.23 960514.92 
4022.72 -0.05 4022.67 976495.23 960517.90 
4027.29 -0.05 4027.24 976495.23 960522.47 
4029.94 -0.05 4029.69 976495.23 960525.12 
4041.02 -0.05 4040.97 976495.23 960536.20 
4045.90 -0.06 4045.64 976495.23 960541.07 
4192.96 -0.06 4192.90 976495.23 960666.13 Loop Tie.06 

IH Drift 
COK. con: Base Observed 
mGal Drift mGal Shift Gravity Notes 

4192.66 0 4192.66 976495.27 960666.13 
4027.11 0.01 4027.12 976495.27 960522.39 
4039.67 0.01 4039.68 976495.27 960534.95 
4044.25 0.01 4044.26 976495.27 960539.53 
4046.97 0.02 4046.99 976495.27 960544.26 
4050.40 0.02 4050.42 976495.27 960545.69 
4056.02 0.02 4056.04 976495.27 960551.31 
4057.76 0.02 4057.60 976495.27 960553.07 
4062.22 0.02 4062.24 976495.27 960557.51 
4064.53 0.02 4064.55 976495.27 960559.82 
4066.53 0.02 4066.55 976495.27 960561.62 
4066.17 0.03 4066.20 976495.27 960563.47 
4067.33 0.03 4067.36 976495.27 960562.63 
4069.65 0.03 4069.56 976495.27 960564.65 
4055.10 0.03 4055.13 976495.27 960550.40 
4057.72 0.04 4057.76 976495.27 960553.03 Tie -.04 
4039.63 0.04 4039.67 976495.27 960534.94 Tie -.Ol 
4027.13 0.04 4027.17 976495.27 960522.44 Tie +.05 
4192.61 0.05 4192.66 976495.27 960666.13 Loop Tie -0.05 



u KENNECO~ CANADA E~PLORA’TION INC. 
I 11997 Moyie Gravity lnfill Survey 

‘Observed Gravity Data Reduction and Calculations 
,In~mentltion;ScintrexCG3GravityMeterNo.10345 

c 
~urveyedby:QuadraSweys. June-July1997 

lj _ ZO-Jun 
Meter IH Drift ~. 

p 
Reading con: con: 

Station mGa1 Time IH mGal Drift mGal 
-101 4196.262 10:01:39 0 4196.26 4196.26 

I 3 9740 -104 4112.254 4081.46 Ii:1338 12:16:36 0 0 4112.25 4081.46 4081.46 4112.25 

9741 4070.669 125722 0 4070.61 4070.61 

c 9743 9742 4063.279 4059.66 15:37:04 93:47:14 0 0 4063.26 405966 4059.66 4063.26 
9744 4054.72 16:13:37 0 4054.72 4054.72 

c 10704 10703 4067.266 4064.164 16:36:02 16:44:36 0 0 4064.16 4067.27 4064.18 4067.27 
10702 4069.292 16:50:03 0 4069.29 4069.29 

c 10701 -104 4112.381 4072.364 17:20:48 16:56:51 0 0 4112.36 4072.38 -0.13 4112.25 4072.36 

-101 4196.471 18:13:35 0 4196.47 -0.21 4196.26 
Theaboveloopwasredoneduetolargegravitymisclosure. 

r 
li 23Jun 

c Station 
-101 
-104 
9743 
9740 

9748 

L 

c 

Meter 
Reading 

mGal 
4196.80 
4112.74 
4063.46 
4082.01 
4071.13 
4058.68 
4052.27 
4002.42 
4013.74 
4038.47 
4063.42 
4112.69 
4196.82 

Time IH 
9:58:42 0.53 

11:09:59 0.64 
12:10:01 0.57 
13:Ol:lO 0.56 
13:33:54 0.55 
1412834 0.46 
15:13:27 0.56 
16:59:14 0.57 
17:30:21 0.47 
17:55:31 0.52 
16:31:35 0.57 
19:51:18 0.56 
20:37:20 0.53 

IH Drift 
corr. colr. 
mGal Drift mGal 

4196.97 0 4196.97 
4112.91 0 4112.91 
4063.63 0 4063.63 
4082.18 0 4082.18 
4071.30 0 4071.30 
4056.82 -0.01 4056.81 
4052.45 -0.01 4052.44 
4002.60 -0.01 4002.59 
4013.69 -0.01 4013.86 
4038.63 -0.01 4038.62 
4063.59 -0.01 4063.58 
4112.66 -0.02 4112.84 
4196.99 -0.02 4196.97 

Base Obseenred 
Shift Gravity Notes 

976491.87 960666.13 
976491.87 960604.12 
976491.87 960573.33 
976491.87 960562.47 
976491.87 960551.53 
976491.87 986555.14 
976491.87 980546.59 
976491.87 980556.05 
976491.87 980559.13 
976491.87 960561.16 
976491.87 980564.25 
976491.87 960604.12 
976191.87 980688.13 Tie 0.21 

Base Observsd 
shin Gravity Notes 

976491.16 980868.13 
976491.16 960604.07 
976491.16 980554.79 
976491.16 980573.34 
976491.16 980562.46 
976491.16 960549.97 
976491.16 960543.60 
976491 .I6 980493.75 
976491.16 980505.04 
976491.16 960529.78 
976491.16 980554.74 Tie -.05 
976491.16 960604.00 Tie -.07 
976491.16 980686.13 Loop Tie-.02 



I! KENNECOTT CANADA EXPLORATION INC. 
1 i 1997 Moyie Gravity Mill Survey 

Observed Gravity Data Reduction and Calculations 

c 

Instrumentation: 8clnVexCG3 Gravity Meter No.10345 
(Surveyedby~QuadraSutveys. June-July1997 

_ 24-J"" 

li 
Meter 94 Drift 

Readlng con: oorr. 
station r&al The IH r&al Drift mGal 

1 -101 -104 4112.76 4196.76 6:36:03 0.53 0.53 4112.92 4196.92 -0.01 0 4112.91 4196.92 

9743 4063.42 115626 0.53 4063.59 -0.01 4063.56 

L b 9749 9750 4076.00 4067.55 12:22:16 13:22:18 0.56 0.37 4067.72 4076.11 -0.02 a.02 4067.70 4076.09 
9743 4063.51 14:10:22 0.53 4063.68 -0.03 4063.85 

I; 9744 9751 4029.91 4055.20 15:09:W 14x27107 0.55 0.56 4030.09 4055.37 -0.03 -0.03 4065.34 4030.06 
9752 4046.30 16:09:11 0.56 4046.47 -0.04 4046.43 
9743 4063.36 16:31:41 0.55 4063.53 -0.04 4063.49 

104 4112.75 17:19:13 0.53 4112.9! -0.04 4112.87 
-101 4196.60 16:16:50 0.53 4196.97 -0.05 4196.92 

m Station 
L -101 

1 : 
-104 

23703 
9753 
9754 

I 1 9755 
9756 

23703 
1 : 9758 9757 

9759 
-104 
-101 

4196.771 
4112.761 

3995.95 
4002.018 
4010.609 

4024.66 
4017.344 

3996.12 
3960.395 
3984.627 
3990.044 

4112.75 
4196.602 

Time IH 
8:33:05 0.53 

10:13:50 0.57 
12:39:27 0.53 
13:19:58 0.53 
13:46:24 0.53 
14:22:17 0.5 
15:35:45 0.5 
17:12:36 0.55 
17:28:16 0.55 
17:39:35 0.56 
18:11:25 0.45 
19:27:43 0.57 
20:28:39 0.53 

IH 
con: 
mGal Drift 

4196.93 0 
4112.94 0 
3996.11 -0.01 
4002.16 -0.01 
4010.77 -0.01 
4025.01 -0.02 
4017.50 -0.02 
399629 -0.03 
3960.56 -0.03 
3984.60 -0.03 
3990.18 -0.03 
4112.93 -0.04 
4186.97 -0.04 

DMt 
corr. 
mGal 

4196.93 
4112.94 
3996.10 
4002.17 
4010.76 
4024.99 
4017.48 
3996.26 
3960.53 
3984.77 
3990.15 
4112.69 
4196.93 

Base Observed 
Shift Gravity Notes 

976491.21 980688.13 
976491.21 960604.12 
976491.21 980554.79 
976491.21 960558.91 
976491.21 980567.30 
976491.21 960554.66 
976491.21 980546.55 
976491.21 960521.27 
976491.21 960537.64 
976491.21 960554.70 Tie -.09 
976491.21 980604.06 Tie -.04 
976491.21 980668.13 LoopTie -.05 

Base Observed 
Shift Gravity Notes 

976491.20 980688.13 
976491.20 980604.14 
976491.20 960487.30 
976491.20 960493.37 
976491.20 96.0501.96 
976491.20 960516.19 
976491.20 980508.68 
976491.20 980487.46 Tie +.16 
976491.20 960471.73 
976491.20 980475.97 
976491.20 960481.35 
976491.20 980604.09 Tie-.05 
976491.20 960668.13 Tie -.04 



~ENNECOTC CANADA EXPLORATION INC. 
Moyie Gravity lnfill Survey 

bserved Gravity Data Reduction and Calculations 
mentation:ScintrexCG3GravityMeterNo.16345 

rvayedbyzQuadraSurvays. June-July1997 

Meter IH Drift 
Reading COW. corr. Base Obsewed 

mGal Time IH mGal Drift mGal Shift Gravity Notes 
-101 4196.772 93834 0.53 4196.94 0 4196.94 (Didnotusethispurtiondfluop) 
-104 4112.766 IO:3651 0.56 4112.94 0 4112.94 976491.14 980604.06 
9760 4087.756 115463 0.51 4087.91 -0.01 4087.90 976491.14 980579.04 
9761 4085.067 125422 0.51 4085.22 -0.03 4085.19 976491.14 986576.33 
9762 4077.983 13:56X6 0.52 4076.14 -0.04 4076.10 976491.14 980569.24 
9763 4063.604 15:16:41 0.5 4063.98 -0.06 4063.90 976491.14 960655.04 
9764 4063.695 16:02:24 0.47 4064.04 -0.07 4083.97 976491.14 960555.11 
9765 4062.652 16:47:16 0.51 4063.01 -0.06 4062.93 976491.14 960574.07 
9760 4067.921 17136122 0.56 4088.09 -0.09 4068.00 976491.14 966579.14 TieO.10 

c i -104 -101 4112.667 4196.932 16:14:42 19:49:37 0.57 0.53 4113.04 4197.10 -0.1 4112.94 4197.10 (Did 976491.14 notusethis 986604.06 portion of LOOpTieO.10 loop) 
Note: Had battery problem so usad loop tie at-104 

0-Jun 
Meter IH Dlift 

Reading con: corr. Base Observed 
Time IH mGal Drift mGal Shii Gravity Note8 

6x57~02 0.53 4197.07 0 4197.07 976491.06 980666.13 
-105 4031.351 10:52:24 0.53 4031.51 -0.02 4031.49 976491.08 960522.55 
9766 4029.546 11:47:06 0.62 4029.74 -0.02 4029.72 976491.06 960520.76 
9767 4034.366 12:02:10 0.61 4034.56 -0.02 4034.56 976491.08 980525.62 
9768 4036.393 12:33:34 0.52 4036.55 -0.03 4036.52 976491.06 980527.58 

o j 9769 9770 4046.626 4055.06 12:56:14 13:10:55 0.55 0.55 4046.80 4055.23 -0.03 -0.03 4055.20 4046.77 976491.06 976491.06 980537.83 960546.26 
9771 4062.951 13:23:04 0.58 4063.13 -0.04 4063.09 976491.06 980554.15 
9772 4038.643 13:54:04 0.55 4039.01 -0.04 4638.97 976491.06 980530.03 
9773 4028.125 14:18:20 0.56 4028.30 -0.04 4028.26 976491.06 980519.32 
9774 4029.055 150553 0.54 4029.22 -0.05 4029.17 976491.06 980520.23 
9775 4020.756 15:18:07 0.57 4020.93 -0.05 4020.88 976491.06 980511.94 
9776 4005.069 15:43:41 0.54 4005.26 -0.05 4005.21 976491.06 980496.27 
9777 4005.556 16:09:34 0.55 4005.73 -0.06 4005.67 976491.06 980496.73 
9776 4008.682 16:25:14 0.58 4009.06 -0.06 4009.00 976491.06 980500.06 
-105 4031.309 18:04:35 0.51 4031.47 -0.07 4031.40 976491.06 980522.46 Tie-.09 
-101 4196.966 19:26:15 0.53 4197.15 -0.08 4197.07 976491.06 960688.13 LoopTie. 

L 



~ENNECO~ CANADA EXPLORAT&N INC. 
997 Moyie Gravity Infill Survey Lli bserved Gravity Data Reduction and Calculations 

Instrumen~on:ScintrsxCG3GnvityMeterNo.10345 

.I! 
uweyedby QuadraSutveys. June-July1997 

1JUl 

1 
Meter IH Drift 

Reading COW. con. 
Station mGal Time IH mGal Drift r&al 

c ' 9760 -101 4196.938 4088.05 10:53:21 8:31:47 0.53 0.54 4068.21 4197.10 -0.01 0 4088.20 4197.10 

-106 4031.336 11:24:17 0.51 4031.49 -0.01 4031.48 

1 3 ! 9780 9779 4033.455 4039.518 12:42:19 12148142 0.53 0.53 4033.62 4039.68 -0.03 -0.03 4033.59 4039.65 

9701 4050.53 13:06:12 0.56 4050.70 -0.03 4050.67 
c ~ 9703 9762 4041.138 4052.747 13:49:56 13:13:10 0.57 0.53 4041.31 4052.91 -0.03 -0.03 4041.28 4052.88 

9704 4060.045 14:14:23 0.53 4060.21 -0.04 4060.17 

c ~ 9760 -106 4031.315 4088.002 17:30:12 17:54:44 0.54 0.54 4088.17 4031.48 AM6 -0.00 4031.42 4088.11 
-101 4197.005 19:12:25 0.52 4197.17' -0.07 4197.10 

1 1 I-JUI 
Meter IH Drift 

Reading corr. corr. 

I. 
@don mGal Time IH mGai Drift mGal 

-101 4196.959 8~17~23 0.53 4197.12 0 4197.12 
-105 4031.413 9:56:18 0.54 4031.58 -0.01 4031.57 

1 -; 12008 9705 4034.027 4040.75 12:35:10 10:46:23 0.56 0.31 4034.12 4040.92 -0.03 -0.02 4040.90 4034.09 
9706 4029.949 13:10:46 0.5 4030.10 -0.03 4030.07 

c I ~ 9786 9707 4010.969 4021.23 13:54:25 15:27:15 0.53 0.57 4021.39 4011.14 -0.03 -0.04 4021.36 4011.10 
9789 4015.682 15:45:15 0.58 4015.66 -0.05 4015.81. 

1 pi '12008 9790 4017.637 4040.72 17:03:29 16:09:32 0.56 0.49 4040.09 4017.79 -0.06 -0.05 4040.83 4017.74 

-105 4031.389 17:41:20 0.53 4031.55 -0.06 4031.49 
c -101 4197.035 19:24:42 0.53 4197.20 -0.08 4197.12 

Base Obsewad 
Shift Gravity Notes 

976491.03 980688.13 
976491.03 980579.23 
976491.03 980522.51 
976491.03 980524.62 
976491.03 960530.68 
976491.03 980541.70 
976491.03 960543.91 
976491.03 980532.31 
976491.03 980551.20 
976491.03 980522.45 Tie -X6 
976491.03 980579.14 Tie -.09 
976491.03 980688.13 LoopTie 0.07 

Base Observed 
Shift Gravity Notes 

976491.01 980686.13 
976491.01 980522.58 
976491.01 960531.91 
976491.01 980525.10 
976491 .oi 900521.08 
976491.01 980512.37 
976491.01 980502.11 
976491.01 980506.82 
976491.01 980508.75 
976491.01 900531.04 Tie -.07 
976491.01 980522.50 Tie -.06 
976491.01 980680.13 Loop Tie .06 



KENNECOTT CANADA EXPLORATION INC. 
1997 Panda Mill Gravity Survey 
Inner Zone Terrain Corrections 
Swwyed by Quadra Suwqa 

Inclinometer Readings in Deg to Terrain Cormctfon Zc Zone-B ZOll0-C ZOIW-Cl B, C. 8 D 
Stn BlB2B3S4ClC2C3C4C5C6DlD2D3MD5D6 Bl 82 63 64 Cl C2 C3 C4 CS C6 Dl D2 D3 D4 D6 D6 TerCor Stn 

-266 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.WO.000 DO0 .OOO.OW .OW.OOO.OW.OOO.WO.OOO .OW.OW.OOO.WO .OOO 
6601 0 5 0 8 0 5 3 0 6 6 0 5 3 0 8 8 .ooO .004.000 I309 .OW ,004 .Wl .WO 009.009 .000.011 .004 .OOO .029 .029 
8502 0 7 0 8 0 7 5 0 8 7 0 7 5 0 8 7 .ooo ,007 .loo .009 .ooo .007 .ca .ow .wQ ,007 .ooo .022.011 .ow ,029 ,022 
8503 0 0 0 0 0 7 5 0 0 0 02020 0 0 0 .ooo .ooo .Mo alo .ooo .0()7.004 .oQo .Wo .oW .ooo ,167 .I07 .Wo .ooo .ooo 

12309 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 BOO .OW .WO 000 .WO 300 .WO BOO BOO .OW BOO .OOO IX0 .WO BOO .OW 
11808 0 12 0 5 0 12 12 0 18 18 0 12 12 0 18 18 .oW ,020 .ooO ,004 .ooo .020 ,020 .ooo .036 a35 .ooo ,063 .c63 .ooo ,110 ,110 

8801 0 8 0 4 0 8 7 0 7 7 0 8 7 0 7 7 .ooO .W9 .OW .W3 .WO .OOQ ,007 300 .007 ,007 BOO .029 ,022 .WO ,022 ,022 
8802 0 9 0 IO 0 8 8 0 8 7 0 8 8 0 8 7 .OW .012 .OW ,014 300 .WQ DO9 BOO .009 .W7 .OOO .029 ,029 BOO ,029 ,022 
8603 0 5 0 8 0 7 5 0 8 7 0 9 9 0 17 8 .OOO ,004 BOO .006 .ooO ,007 404 .000.009.007 BOO .036.036.WO.l23 ,029 
6664 0 7 0 12 0 9 7 0 10 10 0 9 7 0 13 15 000 .W7 ,000 ,020 ,000 ,011 ,007 .OW ,014 ,014 ,000 ,036 .Y22 .WO ,074 ,097 
8605 0 10 0 8 0 10 10 0 8 8 0 20 23 0 8 8 .OOO .014 .OOO ,009 .OOO ,014 ,014 .OOO .009 .XlO9 .OOO ,167 ,215 .OOO ,029 ,029 
8606 0 15 0 14 0 14 14 0 12 12 0 25 27 0 12 12 BOO ,028 BOO .025 300 .027 ,027 .WO .020 ,020 ,060 ,250 ,287 DO0 ,083 .063 
8607 0 10 0 14 0 12 12 0 11 14 0 14 10 0 11 14 .OOO ,014 ,000 ,025 .XKI .020 ,020 ,000 ,017 .027 .WO Xl85 .044 .OOO ,054 ,085 
8808 0 0 0 0 0 0 0 0 0 0 1525 20 12 0 8 .OOO .WO .OOG .OOO .OW ,000 .OOO .ooO .OOO .OOO JJ97.250.187.083 .WO .029 
8609 0 8 0 0 0 6 7 0 3 3 0 8 7 0 7 7 DO0 ,006 BOO .OW .WO ,005 ,007 .WO .Wl .OOl .OOO ,018 ,022 .OOQ ,022 ,022 
8610 0 0 0 0 0 8 8 0 0 0 0 8 8 0 8 8 BOO .X100 BOO BOO BOO .009 ,009 BOO ,000 .OW BOO .029 ,029 BOO ,018 ,018 
8611 0 11 0 10 0 8 8 0 10 8 0 8 8 0 7 8 .OOO ,017 .ANM ,014 .OW ,009 .W5 .OOO ,014 ,009 .OOO .029 ,018 .OOO ,022 ,029 
6612 7 0 0 0 0 7 7 0 8 8 0 810 0 8 7.007 DO0 .JOO.WO DO0 .W7 .W7 .JOO .W5 .005.WO.029.044.000.016 ,022 
8613 0 8 0 0 0 6 6 0 5 5 0 13 9 0 7 7 .OUO ,006 .oOa .OOO DO0 ,005 ,005 .OOO .004 ,004 .OOO ,074 ,036 .OOO ,022 ,022 
8701 5 5 5 8 5 8 7 5 8 8 5 8 9 10 0 5.004 ,004 ,004 .009 Ml4 .009 .W7.004 .009.008.Oll .029.036&M ,000 ,011 
8702 0 0 7 10 0 10 12 0 7 8 0 12 15 0 5 8 ,000 .OOO ,007 ,014 .OOO ,014 ,020 .OOO ,007 .009 .OOO ,083 ,097 .OOO .Oll ,029 
8703 0 15 0 18 0 10 13 0 15 15 0 8 10 0 15 15 .WO ,028 .OOO .031 DO0 ,014 ,023 .OOO .031 .031 .OOO .029 .044 .WO ,097 ,097 
8704 0 12 0 12 0 9 9 0 11 11 0 7 7 0 13 14 .OOO .020 .OW ,020 ,000 .Oll ,011 .OOO .017 ,017 .OOO .022 ,022 .oW ,074 ,085 
8705 0 IO 0 8 0 7 7 0 8 7 0 7 7 0 12 11 .OOO ,014 .OOO .009 .OOO ,007 ,007 DO0 009 ,007 .OW ,022 ,022 BOO ,083 .054 
8706 10 0 12 0 0 9 7 0 12 13 0 8 7 0 15 18 ,014 .OOO ,020 000 .OOO .Oll .W7 .OOO ,020 .023 .OOO ,029 .022 .OOO ,097 .I10 
8707 0 15 0 9 0 9 9 0 8 10 0 9 9 0 12 13 .OOO ,028 .OOO ,012 ,000 ,011 ,011 .OOO .009 ,014 .OOO ,038 ,036 .OOO ,083 ,074 
8708 0 24 0 18 0 20 20 0 13 15 0 22 22 0 15 14 .OW .059 .ooO ,031 DO0 ,052 ,052 BOO ,023 ,031 .OW .199 .I99 .OW ,097 ,085 
8709 0 17 0 10 0 12 12 0 19 18 0 12 11 0 19 18 .JOO .035 .OOO ,014 .OOO ,020 ,020 .Mx) ,048 ,043 .OOG ,063 .054 X100 ,152 ,137 
8710 0 17 0 10 0 17 15 0 9 9 0 17 15 0 12 11 ,000 ,035 ~300 ,014 .OOO ,039 ,031 .ooO ,011 ,011 .ooO .123 .097 .OOO .063 ,064 
8801 0 IO o o 0 12 10 o 0 0 0 17 IO 0 7 7 .C%l ,014 .OOO .oM) .OOO ,020 ,014 BOO .OOO ,000 .OOO .123 044 .OOO ,022 .022 

0.00 -265 
0.11 8601 
0.13 8602 
0.34 8503 
0.00 12309 
0.48 11808 
0.14 8601 
0.17 8602 
0.26 8603 
0.30 8604 
0.51 8805 
0.81 8608 
0.39 6607 
0.81 8608 
0.10 8609 
0.11 8810 
0.16 8611 
o.i4 8612 
0.18 6613 
0.19 8701 
0.27 8702 
0.43 8703 
0.30 8704 
0.21 8706 
0.35 6708 
0.30 8707 
0.83 8708 
0.59 8709 
0.48 8710 
0.26 8801 
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KENNECOTT CANADA EXPLORATION INC. 
1997 Panda Will Gravity Survey 
Inner Zone Terrain Corrections 
Sweyed by Quecka Suveyr 

InclinometerReadingsin Degto TerrainComctionZc Zone-El Z0lW-C ZOIW-D e, c, 8 D 
Stn ElB283B4ClC2C3C4C5C6DlD2D3MDSD6 81 82 83 84 Cl C2 C3 C4 C5 C6 Dl D2 D3 D4 D5 D6 TerCor Stn 

qO2 0 7 0 0 0 5 5 0 5 0 02020 7 5 5.ooo.007.ooo.ooo.ooo.004.004.ooo.004.ooo.ooo.187.167.022.011 .Oll 0.40 8802 
8803 0 26 0 28 0 25 25 0 27 27 0 25 25 0 27 27 ,000 ,073 .OOG ,073 BOO ,079 .079 .OOO .OQO .090 ,000 .250 ,250 .OOO ,287 ,287 1.56 9903 
8804 0 25 0 8 0 23 23 0 10 10 0 23 23 0 18 18 BOO ,062 BOO .009 BOO ,088 ,066 .OOO .014 .014 .Mx, ,215 ,215 .OOO .137 ,137 0.94 8804 
8805 0 18 18 0 0 18 16 0 18 19 0 18 16 18 17 0 BOO ,039 ,036 BOO .OW ,043 ,035 BOO ,043 XI43 BOO ,137 ,110 ,137 ,123 .ooO 0.75 8805 
8806 0 10 15 0 0 7 10 0 10 10 10 17 17 15 10 17 .OOO .014 ,028 .ooO .OOO .067 ,014 BOO .014 .014 .044 ,123 .123 ,097 .044 ,123 0.65 8806 
8807 0 12 5 0 0 9 9 0 5 5 1022 22 7 5 15.000 ,020 004.000.000.011 .011.000 .?04.004.044.199.199.022 ,011 ,097 0.63 9807 
8808 0 10 5 0 0 12 10 0 10 10 10 16 13 14 23 23 II00 ,014 ,004 BOO BOO .020 .014 BOO ,014 ,014 .044 ,110 ,074 ,085 ,215 .215 0.82 8808 
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KENNECOTT CANADA EXPLORATION INC. 
1997 Moyie Gravity lnfill Survey 
Inner Zone Terrain Corrections 
Suwsyed by: Quadra Suweyt, June. July 1997 

I-er Readings h Deg to Tecreh ColrcdimZone~ Zone-B ZOtlO-C 2-D B.C.&D 
stn ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Bl 62 I33 B4 Cl C2 C3 C4 C6.C6 Dl 02 D3 D4 D5 D6 TsrCm 

9701 0 0 4 10 5 5 5 7 0 0 0 5 5 0 IO 4 .oW .300.003.014.004.004.004.007 .ooo .OoO .ooo .Oll ,011 .oW ,044 ,007 0.11 
9702 0 5 0 0 0 5 9 4 8 8 0 8 12 0 9 7 ,000 404 .OOO BOO .X@tl ,004 ,011 002 ,009 ,009 BOO ,029 ,063 .OOO .036 ,022 0.19 
9703 0 10 6 0 0 16 15 0 12 10 1 15 14 0 18 14 .M)o ,014 ,006 .OW .DOO .031 ,031 .OOO .020 ,014 .ooO ,097 .085..000 .I37 ,085 0.52 
9704 0 0 0 0 0 9 5 0 9 7 0 15 9 0 IO 0 .ooo .a00 .ooo .Doo .ooo .Oll .oQ4 .ow ,011 ,007 .ml.097.036 000.044 ,029 0.24 
9705 9 10 5 3 7 0 7 10 4 0 0 7 7 2 7 2 .012 ,014 .004 ,001 ,007 .oOO .W7 ,014 a02 .oW .ooO .022 ,022 .W2 ,022 .W2 0.13 
9709 7 16 0 10 12 0 10 8 10 0 0 8 12 8 7 8 .W7 .031 AlOO .014 .020 BOO .014 ,009 ,014 .OOO .OW ,029 ,063 ,029 .022 .029 0.28 
9707 5 16 14 5 5 10 !3 7 14 6 6 4 11 0 6 5 .004 ,031 ,025 ,004 .004 .014,.023 ,007 ,027 .005 .016 ,007 ,054 ,000 ,018 .Oll 0.25 
9709 5 0 9 0 0 7 5 0 5 8 0 4 7 0 6 5 304 ,000 ,012 .ooO .WO ,007 .W4 BOO .004.009 .OW ,007 ,022 .WO ,016 .Oll 0.10 
9709 7 0 0 5 0 10 IO 0 0 0 0 7 9 0 3 0 .W7 .OoO .oOo .004 .ooO .014.014 .Ooo .oOo .ooo .000.022.036 .Ooo .0&l .ooo 0.10 
9710 15 3 5 25 3 8 12 8 18 15 3 10 7 IO 10 12 ,028 .Wl Xl04 .062 .Wl ,009 .020 ,009 ,043 .031 ,004 .044 ,022 ,044 .@I4 ,063 0.43 
9711 0 0 0 0 0 0 7 0 0 0 0 12 10 7 0 0 .Joo .oOo .I00 .oOo .Oim .oOO ,007 .oOo .oOo .ouO .OoO .063.044.022.029 .smO 0.17 
9712 0 0 14 13 0 5 12 13 10 0 0 10 9 11 15 7 .BOO .OW ,025 ,022 .009 .004 ,020 ,023 .014 .WO ,029 ,044 ,036 ,054 ,097 ,022 0.40 
9713 0 0 0 16 0 10 IO 11 20 15 IO 18 14 4 13 IO .I00 .OOO .OW .031 .WO ,014 ,014 ,017 .052 ,031 ,044 .I37 ,085 ,007 ,074 .044 0.55 
9714 5 0 17 0 0 7 3 10 13 6 15 0 8 ,4 6 18 .004 ,009 .035 .OOO BOO ,007 .Wl ,014 ,023 ,005 .097 .OOO ,029 .W7 ,016 .I37 0.39 
9715 4 3 25 8 3 17 15 2 15 10 3 15 16 3 17 15 .W3 .Wl ,062 ,009 .Wl ,039 ,031 ,001 ,031 ,014 ,004 .097 ,110 ,004 ,123 .097 0.63 
9716 3 22 0 11 3 15 18 0 12 16 0 12 16 0 16 15 ,001 .052 .OOO .017 .Wl .031 ,043 .WO ,020 ,035 .wO .063 ,110 ,000 ,110 .OB7 0.50 
9717 5 10 5 15 5 13 10 3 6 12 0 12 5 4 5 16 ,004 ,014 ,004 ,028 .W4 .023 .014 ,001 ,005 XI20 ,000 ,063 .Oll .W7 ,011 ,110 0.32 
9719 5 23 5 15 5 17 14 5 20 11 7 15 10 5 22 7 .004 .055 ,004 ,028 ,004 ,039 .027 ,004 .052 ,017 ,022 ,097 .044 .Oll ,199 .D22 0.63 
9719 5 35 2 22 5 25 20 4 21 20 10 15 5 5 20 15 604 .I01 ,001 .052 ,004 ,079 ,052 ,002 .057 ,052 ,044 d-197 ,011 ,011 .I67 ,097 0.83 
9720 4 15 2 14 4 13 13 3 15 17 3 10 10 6 18 12 .W3 .028 .Wl .025 IX%? ,023 ,023 .Wl ,031 ,039 ,004 ,044 ,044 ,016 .I37 ,063 0.49 
9721 3 0 3 0 3 11 5 3 10 IO 8 12 5 4 13 7 ,001 .W9 .Wl XI00 ,001 .017 ,004 ,001 ,014 ,014 .029 ,063 .Oll ,007 ,074 .022 0.28 
9722 6 20 4 10 5 15 12 4 10 IO 5 10 7 7 13 12 ,006 ,045 .W3 ,014 .JO4 ,031 ,020 .W2 ,014 .014 ,011 .B44 ,022 ,022 ,074 ,063 0.39 
9723 7 22 5 16 7 22 15 5 18 12 5 20 15 3 18 13 .W7 ,052 ,004 ,031 .W7 .063 ,031 .004 ,043 ,020 ,011 .I67 .097 ,004 .137 .074 0.75 
9724 8 18 5 10 8 18 IO 7 15 IO IO 15 6 8 15 10 ,009 ,038 ,004 ,014 ,009 .043 ,014 ,007 ,031 ,014 .044 .097 ,016 ,029 ,097 ,044 0.51 
9725 3 13 3 0 3 5 IO 6 20 12 0 8 5 7 17 15 ,001 ,022 .Wl .BO9 .Wl .004 ,014 .oO4 ,052 ,020 ,000 .029 ,011 ,022 .I23 .097 0.41 
9726 5 10 0 5 5 IO 10 0 10 7 7 6 6 0 13 5 .W4 ,014 000 ,004 .004 ,014 ,014 .OOO ,014 ,007 ,022 ,016 .016 .OOO ,074 ,011 0.21 
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Suite 100.4500.16th Avenue N.W. 
Calgary. AlbeRa. Canada T3B OM6 
Telephone: (403) 247-0200 
Fax: (403) 247.4811 or 247.0779 
e-mail: komex@komex.mm 
web: vw.v.komex.mm 

INTERNATIONAL LTD. October 28, 1997 

OUR FILE: K197-4688 

Kennecott Canada Inc. 
Granville Square 
#354 - 200 Granville St. 
Vancouver, B.C. 

Attention: Andrew Cole 
Project Geophysicist 

Dear Mr. Cole: 

Re: Geophysical Lagging of the K9702 and K9703 Boreholes, Moyie Creek, B.C. 

We are pleased to provide a formal letter to follow up the delivery of preliminary logs on 
September 26, 1997. 

Background 

Kennecott Canada Inc. is conducting base metal exploration in the Moyie Creek area of 
southeastern British Columbia. As part of this program, Komex International Ltd. geophysically 
logged two drilled and cored boreholes, K9702 and K9703. Geophysical logging provides the 
advantages of continuous objective data collection with no missing sections; the identification of 
features in the borehole not visible in the core to the naked eye; and the ability to identify 
features up to a half meter away, but not necessarily intersecting the borehole. Logging services 
included magnetic susceptibility, induction conductivity, and natural gamma. The specific 
objective of the program was to identify and resolve significant intersections. 

Field Techniques 

All field work was performed from September 22 to September 24, 1997. Data were collected 
with a portable hand cranked winch with 1,000 m of four conductor cable. All logging depths 
are referenced to ground surface. All logs were run in K9703. Only susceptibility and natural 
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gamma logs were run in K9702. The logging tools included the Geonics Ltd. EM39S magnetic 
susceptibility probe, the EM39G gamma ray probe, and the EM39 borehole conductivity probe. 

The EM39S is a new two coil susceptibility tool specifically designed to measure magnetic 
susceptibilities over a huge dynamic range, including at very low values commonly associated 
with soils and sedimentary environments. The resolution of the EM39S is approximately the 
intercoil spacing, or 50 cm. Although the thickness of features smaller than 50 cm cannot be 
precisely resolved, they can still be “seen” if they are of significant susceptibility contrast. The 
instrument response is generally independent of the borehole diameter. 90% of the instrument 
response is from earth materials within a radius of 30 cm from the borehole axis. The response 
of materials from 5 to 25 cm from the borehole axis is roughly uniform. The operating frequency 
is 39.2 kHz. Data are recorded as lo-’ SI units. The instrument is described in detail by McNeil1 
et. al. (1996). 

The EM39G counts naturally emitted gamma rays of ah energy levels using a scintillation 
counter. The detector is a thallium activated sodium iodide crystal 2.5 cm in diameter and 6.5 cm 
in length. The probe counts radiation from material in a sphere of a radius of approximately 20 
cm. Data are recorded as raw counts per second (cps) with a time constant of 1 second. The 
influence of earth materials falls off with the square root of distance from the tool. 

The EM39 electromagnetic conductivity tool is described in detail by McNeil1 (1986). It is very 
similar in design to the EM39S magnetic susceptibility probe. The intercoil spacing is 50 cm, 
providing a vertical resolution of approximately 50 cm. Borehole effects are negligible. 
Formation or annular material within a radius of 18 cm from the probe contributes very little to 
the measured conductivity. The peak response occurs 32 cm from the borehole. The operating 
frequency is 39.2 kHz. Data is output as apparent conductivity in millisiemens/meter (mS/m). 

Results 

The results are described in the accompanying log plots. The logs are presented on a 1:500 
vertical scale. No filtering has been applied other than a 9 point boxcar to the natural gamma 
data in order to mute statistical fluctuations. Some minor block shifting of the susceptibility data 
has been applied in order to remove some negative values in the very low susceptibility host 
rock. 

The host rock is generally characterized by very low susceptibility values (less than 1 X 1C3 SI), 
low conductivity values (less than 10 mS/m), and high gamma counts (greater than 150 cps). 
Significant intersections exhibit high magnetic susceptibilities and/or high electrical 
conductivities. Zones of low gamma counts (less than 100 cps are probably igneous intrusions. 
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Conclusions 

1. Probable intersections are clearly identified by elevated magnetic susceptibilities and/or 
electrical conductivities. Igneous intrusions are indicated by zones of low gamma counts. 

2. Numerous intersections were identified in the accompanying log plots, particularly in 
K9702. 

3. Borehole magnetic susceptibility, conductivity, and natural gamma logging appear to 
be appropriate techniques for identifying significant intersections in the Moyie Creek 
area. Other logging services which may be considered in the future include self potential, 
induced polarization, temperature, borehole orientation, and borehole magnetometer 
surveys. 

If you have any further questions, please do not hesitate to contact the undersigned. 
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Yours truly, 
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INTRODUCTION 

c: 
c- 

A large loop time domain electromagnetic (UTEM-3) surface and 
borehole survey was completed by SJ Geophysics Ltd.. for Kennecott Canada 
Exploration Inc., on the Moyie Project. during the period of October 9 to October 
19: 1997. The Moyie Project consisted of one borehole ( k97-03 ), UTM collar 
coordinates 567984 E, 5457855 N. located in the Nelson Mining Division of B.C.. 
Canada. 

The purpose of the survey was to evaluate the conductive response and 
possible extent of massive sulphide intersections in the borehole. 

DESCRIPTION OF UTEM SYSTEM. 

UTEM is an acronym for “University of Toronto ElectroMagnetometer”. The 
system was developed by Dr. Y. Lamontagne (1975) while he was a graduate student 
of that University. 

The following is a short description of the UTEM system used in the field. A 

paper (A time-domain EM system measuring the step response of the ground) by G.F. 
West, J.C. Macnae and Y. Larnontagne. giving a more complete description with an 
overview of interpretations is located in Appendix IV. 

The field procedure consists of first laying out a large loop, which can vary in 
size from less than IOOM X IOOM to more than 2Km X 2Kt-q of single strand 
insulated wire and energizing it with current from a transmitter which is powered by a 
2.5 kW motor generator. During a surface survey the lines are generally oriented 
perpendicular to one side of the loop and surveying can be performed both inside and 
outside the loop. For borehole survey the sensor coil is placed down the borehole 
measuring the axial component of the electromagnetic field from a minimum of 2 
separate loops. 
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The transmitter loop is energized with a precise triangular current waveform 
at a carefully controlled frequency (30.97 Hz for this survey). The receiver system 
includes a sensor coil and backpack portable receiver module which has a digital 
recording facility. The time synchronization between transmitter and receiver is 
achieved through quartz crystal clocks in both units which are accurate to about one 
second in 50 years. 

The receiver sensor coil measures the vertical. horizontal. or axial magnetic 
component of the electromagnetic field and responds to its time derivative. Since the 
transmitter current waveform is triangular, the receiver coil will sense a perfect 
square wave in the absence of geologic conductors. Deviations from a perfect square 
wave are caused by electrical conductors which may be geologic or cultural in origin. 
The receiver stacks any pre-set number of cycles in order to increase the signal to 
noise ratio. 

The UTEM receiver gathers and records 10 channels of data at each station 
occupied. The higher number channels (7-8-9-10) correspond to short time or high 
frequency while the lower number channels (l-2-3) correspond to long time or low 
frequency. Therefore, poor or weak conductors will respond on channels 10, 9. 8, 7 
and 6. Progressively better conductors will give responses on progressively lower 
number channels as well. For example, massive, highly conducting sulfides or 
graphite will produce a response on all ten channels. 

The Borehole system consists of a normal surface UTEM-3 transmitter and 
receiver along with special receiver coil (1 l/4” in diameter). The coil is connected to 
the receiver trough a controller and tibre optic cable. 

FIELD WORK 

Rolf Krawinkel and Zoran Dujakovic. geophysicists with SJ 
Geophysics Ltd., and the equipment mobilized from Vancouver to Cranbrook by 
truck on October 9, 1997. Andrew Cole, geophysicist and representative of 
Kennecott Canada Exploration Inc. as well as Kenji Jackson, a young helper, were 
available to provide the orientation. assistance in laying out and picking up wire. and 
preparing a surface line. The drive to the site (approx. 40 km) required about I.5 
hours due to road conditions. 
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Upon arrival on site there was fresh snow covering the whole area which 
hindered the placing (and repairing) of the loops. The first loop took more than two 
days to complete at which time a problem was discovered with the signal 
interconnection between the receiver and the down hole probe. A replacement fiber 
optic cable and controller (signal decoder) were obtained the following day from the 
manufacturers: Lamontagne Geophysics Ltd.. of Kingston. Ontario. The equipment 
problem caused the loss of one day. The first and largest loop (loopl) was used to 
survey both the borehole (k97-03) and a surface line (L 1 OOOE). and then it was used 
as a basis to form the four smaller subsequent loops by bisecting in two directions. 

The borehole was surveyed from five ‘loops and the surface line ,was 
completed in two halves, in a period of 11 days comprised of two mobilization days, 
three strictly looping days, five production (survey) days, and one down day. 

DATA PRESENTATION 

The results of the 1997 UTEM survey (Appendix V), are presented on 5 data 

sections of the measured total field ( axial component ) normalized to the calculated 

primary field, for the borehole. Together with 10 Vectorplot sections of the primary 

field. The surface line results are presented as 2 normalizations of the secondary field 

as obtained by subtracting out Chl response. A plan map showing loop locations is 

also included ( Plate Gl ). 

Legends for the UTEM data sections are also attached (Appendix II). 

In order to reduce the field data. the theoretical primary field of the loop must 

be computed at each station. The normalization of the data is as follows: 

Surface data 

a) For Channel 1: 

% Ch.1 anomaly = (Ch.1 - PC) X lOO//PT/ 

Where: 

PC is the calculated primary field in the direction of the component from 

the loop at the occupied station 
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b) 

Ch.1 is the obsened amplitude of Channel 1 

PT is the calculated total field 

For remaining channels (n = 2 to 9) 

% Ch.n anomaly = (Ch.n - Ch.1) X 100/I+ 

where: 

Ch.n is the observed amplitude of Channel n (2 to 9) 

N is Chl for Chl normalized 

N is PT for primary field normalized 

I is the data station for continuous normalized (each reading normalized 

by different primary field) 

I is the station below the arrow on the data sections for point normalized 

(each reading normalized by the same primary field) 

Subtracting channel 1 (Ch. 1) from the remaining channels eliminates the 
topographic errors from all the data except channel 1. 

If there is a response in channel 1 from a conductor then this value must be 
added to do a proper conductivity determination from the decay curves. Therefore 
channel 1 should not be subtracted indiscriminately. 

The data from each line is plotted on at least 2 separate sections consisting of 
a continuous normalized section and a point normalized section. Additional point 
normalized data sections were produced where more than one conductor is present on 
the same line. Point normalization data is the absolute secondary field at a “gain 
setting” related to the normalization point. The data is usually point normalize over 
the central part of the crossover anomaly to aid in interpretation. 
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Borehole data 

4 For all channels 

% Ch.n anomaly = (Ch.n) x lOO/lPT/ 

Where: 

P-f is the calculated primary field in the direction of the component 

from the loop at the occupied station 

Ch.n is the observed amplitude of Channel n 

The calculated primary field is plotted along with the total field to compare so 
the direction of the anomaly can be compared to the primary field. This also allows 
easy visualization of any location problems of the loops and boreholes. 

Rolf Krawinkel, BSc. 

Geophysicist 
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APPENDIX I 

STATEMENT OF QUALIFICATIONS 

I, Rolf Krawinkel, of 3219 Wellington Avenue, Vancouver, British Columbia, hereby 

certify that. 

1) I am a graduate from the University of British Columbia 1981, receiving a 

Bachelor of Science in (Hon.) Astronomy and Geophysics. 

2) I have been engaged in mining and mining exploration since 1979. 

Rolf Krawinkel, BSc. 

Geophysicist 
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APPENDIX II 

Legend 

UTEM SYSTEM MEAN DELAY TIME 

Channel Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

DelayTime(msec] Symbol 

12.8 I 
6.4 

3.2 > 

1.6 0.8 2 

0.4 0.2 9 
0.1 X 
0.05 
0.025 $ 

Ease Freauencv = 31 Hz 
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A time-domain EM system measuring the step response of the ground 

G. F. West*, J. C. Macnae’:, and Y. Lamontagnet 

ASSTRACT 

A wide-band rime-domain EM system, known ar 
UTEM. which uses a large fixed transmitter and a 
moving receiver has been developed and used exten- 
sively in a variety of geologic environments. The essen- 
tial characieristics that distinguish it from other systems 
are that its system function closely r~proximatcs a step 
function response meawrement and that it can meawe 
both electric and magnetic fields. Measurement of step 
rather than impulse response simplifies interpretation of 
data amplitudes. and improves the detection ol good 
conductors in the presence ol poorer ones. Measure- 
ment of electric fields provides information about lateral 
conductivity contrasu iomewhat similar to that ob- 
tained by the gradient array resistivity method. 

LViRODUCTlON 

This article describes the design of the UTEM system and i IS 
development at the Geophysics Laboratory of the University ol 
Toronto by Y. Lamontrgnc and G. F. West from 1971 to 1979. 
UTEM is a wideband, time-domain. ground EM system with a 
step-function system response. It wu designed to try to achieve 
the sensitivity and interpretability necessary to handle prob- 
kms ordeep exploration, conductive environments, and a vari- 
ety ol terrain conditions, m an aonomically viable manner. As 
with most EM systems. effective exploration for massive sulfide 
ores was the principal objective. The method war conceived in 
1971, and the first UTEM I instrument was operational in 
1972. It was an analog electronic system, and was used in a 
number of surveys which have been described by Lamontagnc 
(1975). An improved UTEM II which incorporated a digital 
recording system wan then designed and constructed at the 
University ofToronto with financial aid from a consortium ol 
mining companies. It was first used in 1976. To rail 1980. about 
IO00 line-km had been surveyed with the system from 144 loops 
in 35 areas. UTEM III. which is a microprocessor-comrolled 
system with expanded capabilities. is now produced commer- 
cially by Lamontagne Geophysics Ltd. Some of the field results 
obtained using the UTEM II system have been described in 
Lamontagne et al. (1977. 1980). Macnac 11977. 1980. 1981). 
Lodha (1977). and Podolsky and Slankis (1979). Data lrom all 

three UTEM systems arc identical inqolar as geophysical 
characteristics arc concerned. The dltTcrenus affect only data 
noise levels and operational convenience. Some al the noise 
r:jcction leaturcs of UTEM III are discussed by Macnac et al. 
(1984). 

THE UTEM SYSTEM 

Dab pbilwpbr 

UTEM uses P large. fixed. horizontal transmitter loop as its 
source. The field of the loop is mapped in the quasi-static zone 
with the receiver system: the vertical component of the msg. 
netic field is always measured, and in some circuttwattces the 
horizontal magnetic and electric field components may be mu- 
iured Y well (Figure 1). The size, ?f the transmitter loop de- 
pends on the prospecting problem; loops may ratty from 
rbout 2 km x I km in resistive terrain to 300 m x u)I) m in a 
conductive area. Lines are typically surveyed to a distance of 
1.5 to 2 times the loop dimmsiont. 

The large loop transmitter-field mapping receiver conftgura- 
lion WY chosen in order to give the system the deepest possible 
exploration lor orebody sized conductors, without swificing 
the ability to resolve shallower st~~t~res (depth < 50 m). Thii 
dictates a very large transmitter moment. and makes an ex- 
tended source desirable. The virtue of an extended source is 
that the coupling between the source and a receiver or the 
source and a nearby conductive zone is not so many orders ol 
magnitude larger than the coupling to P distant receiver or deep 
target as is the case with a confined source. 

.- 

-9MYflrs9 LW- / 
cJr ii. 

FIG. I. Schematic layout ola UTEM survey. 

M~nwcript received by the Editor November 1983: revised manuscript received Dmmber 1983. 
‘Gcophysia Lab.. Depl. of Physics. Univ. OlToronto. Ont.. Canada .WJS IA7. 
fL.amonugnc Gw bysics, 74 S 
0 1984 Society ol xploration !i cp 

adina Ave.. Toronto. 01% Canada MJS Y1 
cophyricisu. All rigtut rererved. 

. 

1010 



TRANSMITTER CURRENTJ 

SECCUDARY FIELD 

2 ---L- 

FIG. 2. Transmitted and received LITEM waveforms. Note that 
the mcaruretnent channels are’numbered from the latest to the 
earliest. Sampling is repeated, with due regard to sign, in every 
half-cycle. 

Given a large transmitter and a large TX-RX separation. it is 
inevitable that induction in extensive conductive overburden 
and in large Iormational conductors will contribute more to the 
response than with a small scale system. Also, as the separation 
becomes larger it becomes increasingly likely that the system 
will be responding to several nearby conductors at oixe. How- 
ever. a fixed transmitter-moving receiver system otTers a basis 
for separating the signal contributions from the various con- 
ductors and resolving the geometry of deep-seated conductors. 
At any time instant. the magnetic field ol the current system 
induced in the ground is a potential field (within the quui- 
static zone), and if it is mapped on a profile or over a surface, 
there is a firm theoretical basis for separating it into parts and 
estimating the current systems which caused it. When the trans- 
mitter and hence the eddy current system move lor each obser- 
vstion. it is more ditlicult to find a theoretical basis for stripping 
of responses into component parts. 

There are negative aspects to using a fixed transmitter 
method. In addition to the aforementioned enhancement of 
anomalies due to formational conductors. the transmitter can 
k positioned badly for induction in small plate-like conduc- 
IWS. and-a large good conductor can screen a smaller. shorter 
lime-constant conductor which lies behind it. For these reasons 
it may be desirable to have survey coverage from more than 
one transmitter location. 

The UTEM II transmitter passes a low-frequency current of 
precise triangular waveform through the transmitter loop. The 
magnetic field is sensed with a coil, which responds to the time 

FIG. 3. Comparison of transient signals in step and pulse type 
systems. 

derivative of the local magnetic field. so in “free space” a 
precise square-wave voltage would be induced in the receiver. 
In the presence of conductors the waveform is subsmntially 
distorted. The IJTEM receiver measures this distortion by de- 
termining amplitudes at 10 delay tima (actually, averages over 
time windows) which are spaced in P binary geometric progrcr- 
sion between the waveform transitions. The sample scheme is 
shown in Figure 2. Note that the UTEM channel numbers are 
conventionally numbered in revcrsc.order of time. This is be- 
cause the latest time meawetncnt iften serves as a reference to 
which the other measwctncots arc compared. whereas the 
number of earlier time measuremmts which can be made accu- 
rately may change if base period or instrument bandwidth is 
altered. The base frqvmcy of the system is s&ctabIe. usually 
about 30 or 1J Hz (25 or 12.5 Hz in countries with 50 Hz 
power). A common practice is to set the base frquency (adjust- 
able in 0.1 percent steps) about 0.5 Hz from a subharmonic of 
the power line in order that power line interferena can be 
detected ‘by slow beating in the data. The base frequency is 
usually set low enough that all ground response has nearly 
vanished by the end of the half-cycle. When this is the case. the 
UTEM system determines the step response of the ground in 
the ti,me range 25~~s to 12.8 ms (30 Hz base frequency). 

Time-domain systems have some advantage over frqucncy- 
domain systems in that simultaneous measurement is easier to 
achieve over the whole spectrum and. at the same time. it is 
possible to check the phase synchronization of the transmitter 
and receiver time bases. Most time-dornrin systems employ an 
on-off type of transmitter current and confine all measurements 
to the ofiperiod. as this automatically separates the secondary 
from the primary held. However. when a coil is used as a sensor. 
the time derivative of the signal is observed. Thus. if the trans- 
mitter loop is energized with a step current. it is the impulse 
response of the ground which is observed. 

When prospecting for conductive mineral deposits, it is gen- 
erally more desirable for interpretation purposes to observe the 
step rcspoosc than any other time response. The reason for this 
lies in the characteristics of eddy current decay. For the step 
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FIG. 4. Standard presentation of UTEM vertical component 
magnetic field data. 

response, the early-time limit of response is identical to the 
frequencydomain inductive limit, and for a simple conductor 
in free space this is o function of geometry alone. For the 
impulse response, the early time limit is scaled from the step 
response limit by the inverse of the transient decay time con- 
stant (Figure 3). Thus, the decay rate must first be determined 
in order to interpret amplitude infortrmtion in terms of geome- 
try. lX may present little dficulty in simple cases. but when 
complex or OVCr1appittg responses are observed it can be a 
serious problem. Also. even in the case of the step response. 
overburden anomalies which generally are of short time con- 
stant have early time amplitudes which are very much larger 
than the anomalies of target conductors with long time con- 
stant. Any further amplification caused by measuring the im- 
pulse rather than step response is clearly undesirable. 

Although a system with a step response is usually desirable 
for interpretation purposes. the UTEM system is only one 
implementation of such a system. In fact a system using a 
magnetometer receiver with a square-wave transmitter instead 
of an induction coil (referred to as MSW system in the follow- 
ing sections) would have an identical system response. The 
foregoing rationale of the interpretational advantages of step 
response does not consider the other important factors which 
enter the design of actual systems such as signal-to-noise (S/N) 
clliciency and transmitter-sensor design constraints which in 
fact guide the choice of the actual transmitter waveform and 
sensor wed. This is B complex topic discussed by Lamontagne 
et al. (1980). For example, the UTEM III system actually uses a 
modified triangular transmitter WavefOrm and deconvolution 
in the receiver to improve its S/N performance but has P system 
response identical to the UTEM 1 and UTEM II systems 
(Mncnae et al.. 1984). i.e.. a square-wave response. Thus the 
UTEM I/l1 systems. the conceptual MSW system. and the 

UTEM 111 system all make identical measu. 
they excite the ground differently. To awx 
discussions in this paper of actual induced c 
in the gnund will bc limited to the UTEM sy! 
triangular waveform and to the MSW system. 

The sampling scheme of Figure .2 was chose: 
all measuring time is utilized and time scalin 
mcnts is permitted. In the frquency dam. 
sponsa may be characterized by dimensioni; 
the form 

which demonstrates that scale changes of 
quency or (length)* are quivalcnt to one an 
gour parameter for the time domain is 

In interpreting frequency-domain data, it is 
pare observed frequency response data w 
model resp&tse data. This is convenient bccz 
necessity of resealing the model data for aL 
physical scale lengths that might be encow 
cases. The same sort of scaling is possible 
data. but only if the system function of the a~ 
discontinuity response. If this is not the QW. 
the apparatus has a characteristic ramp sh 
response aw”es cannot be rcsatlcd in time t& 
as this would imply racaling the shutaT 
diKerent from that used by theapparatus. 

To ensure that time scaling can readily I 
that have been sampled and averaged over a 
also necessary that the window widths be prc 
after the discontinuity. UTEM has such ran: 
noted that time scaling may only be applied 
lous responxs which are short enough so as 
in the interval bctwecn the two successive trar 
which form the square wave. 

Because the field intensity falls OR rapit 
distance from the transmitter loop, it is o 
normalize the secondary field observations 
One suitable normalizing factor is the prit 
nctic field signal (H:). If the positions of It 
and the receiver arc known reasonably accur: 
value 01 If; may be employed. If the ground’ . 
by late time. the channel 1 mea!urcment is 
Hf. Normal survey data plotting practice . 
procedures. 

Figure 4 is an example of B standard plc 
dary vertical magnetic field data (If:). Cha 
secondary field (Ch I-H;VH: (where H: is I: 
mary field) and all other channels arc nor 
[(Ch n-Ch 1)Ch I] to correct for any positi 
tion of H’ and also to remove the effect 0 
anomalies (for further details see Lamontagn 
channels on the example plot show a croswY 
ly. indicative of a concentration of(changir 
as will be discussed. The amplitude vari-.. 
number indicates that these induced currents 
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time. A small component of response appears to have persisted 
to Ch I and, for quantitative analysis, it should be remembered 
that the data reduction process will have caused subtraction 01 
this amount from profiles of Ch 2.Chn. On the early-time 
channels, the migration of crossover location from one channel 
to another indicates that the secondary current Row at these 
times is not fixed in geometry, a characteristic which is indica- 
tive of an extensive conductor (here extensive overburden) 
rather than a localized conductor such as that responsible for 
the late time crossovers. 

Since at any delay time, the secondary field is a potential 
field, interpretation of geometrically fixed current systems is 
best performed using absolute secondary fields normalized by 
the primary field intensity at P single point rather than continu- 
ously along the proKle. Although only one case presented in 
this paper has this absolute or “point normalization.” recent 
routine field practice is to point normalize all survey profiles 
exhibiting discrete anomalies, in order to simplify interpreta- 
tion. 

Horizontal magnetic field measuretnents may be made by 

EV IOZ 

I 
: 
. 

DOLOMITE AREA IN EUROPE 

FOG. 5. Standard prexntation of tlectric field data. The ob- 
served component is nomtaliid to the total primary electric 
tkld of the transmitter loop. 

reorienting the recriver coil. Normalizati& is done using the 
vertical primary magnetic field (calculated or vertical Ch I 
mearurement). Unfortunately. horizontal held me~urements 
frequently suffer a somewhat higher noise level than vertical 
fields, due to the predominantly horizontal orientation ofsferic 
interference. 

The electric field waveform is. like the voltage from the coil 
sensor. a square wave if the ground is very resistive. II is 
distorted in much the same way as the coil signal when the 
ground is conductive. Electric field observations arc usually 
plotted as E,j’E:-the observed channel voltage between the 
electrodes divided by the maximum expected late time voltage 
between electrodes at the observation point in any horizontal 
direction. i.e.. Ef = (.E:’ + E;*)r’*. “Expected” here refers to 
the electric field produced by a 100~ on B latetally uniform, 
resistive half-space. This normalization facilitates intercom- 
parison ofx and y component data The geologic ttoiw level in 
electric field data is usually high. so plotting on expanded scales 
is rarely justified. All channel data are usually plotted on the 
same axes. as shown in Figure 5. 

CiRECTlON OF PRIMARY FIELD 

LOG AMFLITuCE 

FIG. 6. Vector plots of late time electric field. (a) Direction 
information only. (b) Showing direction and intensity of the 
primary field. 



1014 weat et aI. 

The reference state for electric ticld data is usually described 
as a ‘laterally uniform, resistive half-space.” rather than free 
space. By resistive is meant 8 aw where alI inductive transients 
have died out. The free-space electric field of a horizontal loop 
is horizontal. so introduction ol a resistive half-space does not 
affect the field. However, for any other orientation of the trans- 
mitter loop or the earth-air intcrfacc. the free-space electric field 
will be directed across the interface and a strong distortion of 
the field will occur. Since the conductivity of air is virtually 
zero. the earth-air interface almost always has a high conduc- 
tivity ratio. even if the earth is resistive in terms of induction. 
The charge which arises on the interface essentially doubler the 
venial ~mponcnt of the E field in the air near the boundaries 
and annuls the vertical component in the ground. Thus the E 
field in the ground is (almost always) virtually horizontal. The 
nomenclature for the reference st+te serves to remind one that 
the earth-air interfa has an important role in the physics of 

FIG. 7. UTEM layered earth rcsponrc. 

the electric field and is always assumed to be 
lateral inhomogeneity or induction is permitted 
model. 

The electric field of a heterogeneous. condt 
normally become constant at late time, as tht 
vanish. At the same time, the rate of change c 
becomes constant. However, the observed la! 
usually found to be different from the free-s 
resistive half-space value. due to lateral inhor 
earth’s conductivity structure. The late-tir 
around a loop greatly resembles what mig 
gradient resistivity survey. The tidd weaves 
around the more resistive areas and through 11 
tive ones. A vector display of the late-time E fi- 
ing retktion of the rrlarirc conductivity of va 
ground. It is impractical to plot the uimo~ 
since the trueftcld intensity falls OR rapidly 
distance from the IOOD. The lenttths of the ul 
therefore proportioneh to the nkmalized de 
for prot%c plots. Vector plots of the free-space f 
shown in Figure 6. ExampIes of field data 
following section. 

Errors caused by the presence of EM r 
geometrical control are diissed for the magn 
in Lamontagnc (1975). For the electric (E) P 
mc.+nmmmtt and sources of error are discuss 
of Macnae (1981). As in the dc resistitity *CL 
features ca” seriously distort local electric 
conductivity contrasts such PI overburden p 
lithological changes can have quite large efi 
tude of measured E fields. 

INTERPF.ETATlON 

We shall describe briefly the responses fr 
simple geologic models and how these can 
interpreted. 

The problem of EM induction in a laycra 
treated in the literature, particularly for hqu 
terns (e.g.. Wait. 1962). Time-domain w 
studied for some specific problems. for exam 
sheet was solved by Maxwell (1891) and the I 
is discussed by Nabighian (1979). A general. I: 
tion for UTEM geometry and wav&rt~% ~7. 
tagtx (1975). Figure 7 shows three cxampb 
sponsa for dilkent layer conductivitia. Fi. 
examples of a thin layer at different depths. 
common characteristics of layered earth ra 
ol the anomalous profiles arc generally 
broader at later timer. The migration Of Cro: 
with positive lobes toward the loop and k: 
lrom the loop. seems to indicate that It 
system is migrating away from the loop. 
behavior described by Nabighian (1979) 
smoke ring. 

II the UTEM system employed a magm 
and a square current waveform in the trat.. 
ring analogy would be exact. as the crossow 
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the position of the main current concentrations. However, the 
UTEM receiver is a coil which is sensitive only to dH/dr. and 
thus to the rate of change of induced and transmitter loop 
current. Thus the moving patter” of crossovers is actually 
indicating oulward migration of changes in the induced torrent 
patter”. Toward the end of each half-cycle. the induced corre”t 
syrmn at any point in the survey arca tends to a co~ttt”t value. 
as indicated by the electric field measurements. but this steady 
current is invisible to thecoil receiver. 

When interpreting UTEM magnetic field data. it can often 
be simpler to think of the data in terms of the magnetometer 
rcceivcr. square-wave transmitter current (MSW) analogy. Be- 
cause the analogy is rxncr for a linear process like EM induc- 
tion. there is no approximation in using it. It is very convenient 
to think of the field measurements of secondary signal at any 
delay time as describing the Biot-Savart magnetic field of a 
changing and decaying (analogous) induced current system. 
However, when electric field data arc being analyzed and com- 
pared with magnetic field (dH/dt) data. it is necessary to revert 
to the true picture of the induced torrents (or take a time 
derivative of the E data) to maintain a consistent relationship. 
UTEM magnetic tield data are usually symbolized as H;, (al- 
phabetic subscript = component direction. superscript = p pri- 
mary, s secondary. T total. numeric subscript = channel 
numb@ to accord with the magnetometer analogy; and in 
most discussions ofsimple induction. it is the time history ofthe 
analogow induced wrrent which is described. 

An importam feature of layered earth H: data is the early- 
time limit of continuously normalized H:,/H: data If the 
ground is sunicimtly conductive “ear the surface, the early-time 
secondary field data at poinis remote from the transmitter loop 
will approach -200 percent; i.e., one finds that the voltage in 
the receiver coil has had insuflicicnt time to change from the 
steady value attained at the end of the previous half-cycle 
(Figure 2). This situation may be pictured in the magnetometer- 
square wave current analogy as a” induced ct~rrent system 
forming “ear the surface of the ground under the transmitter 
loop such as prevents the total (analogous) magnetic field from 
entering into the ground anywhere except very close to the 
transmitter wire. The -200 percent anomaly thus represents 
response at the inductive limit. 

Finite thin plate in free space 

A convenient modeling method for thin finite plate conduc- 
tors in free space is the integral equation solution of Annan 
(1974). Annan computed the best set of polynomial eigcnpoten- 
tials of order 4. and used these to represent the induced current 
flow in the plate as a rum of IS “eigencurrentr.” The solution 
for the eigencurrents themselves is quite complicated. but needs 
only to be done once for a plate of given width to length ratio. 
After that, any induced current system can be described in 
tmnr of IS coet%entr in the eigenpotcnti31 summation. The 
secondary field at a receiver can the” be simply computed in 
terms of these induced cigencurrents. One great advantage of 
Annan’s method is that each cigencurrcnt has a frequency or 
time-domain response identical to a simple loop circuit. Thus 
the solution for a broad frquency range or many time windows 
is very easy to calculate. Routines for simple. interactive appli. 
cation ofA”“an’s algorithms to a number of EM systems have 
bae” programmed by Dyck (Dyck cl al.. 1980). 

Examples of typC CU~YCI generated with Annan’s solution 
may bc found iit Lodha (1977) and Lamontalple et al. (1980). 
Figure 9 shows the results of a set of computed UTEM type 
curves for the geometry shown in Figure IO. Also shown in 
Figure IO is the geometry of the primary magnetic field. which 
controls the nature of induction in the plate. For the zero dip 
case. the primary field is mostly perpendicular to the plate. The 
induction in the plate tends to cancel this field at early times, 
leading to a negative H, anomttly directly over the plate. Posi- 
tive shoulders on each side show the secondary magnetic field 
of the “forward (analogous) current” “ear the front edge of the 
plate “carat the loop and the “reverse currc”tx near the rear 
edge. The normalization scheme used in plotting this data is to 
divide the total secondary field by the calculated primary field 
at the measuring point. It has the undcsirablc effect~of making 
asymmetric a secondary anomaly that is symmetric in temtr of 
absolute amplitude by inneasing the relative amplitude away 
from the loop. In fact, the absolute secondary amplitude of the 
positive shoulder “ear the loop is ttsttally larger than the one on 
the side away from the loop. As the dip of the plate is increased, 
the positive rhoolder moves away, and by the time a 3Odegrec 
dip is reached the reverse crossover is OR the end of the plotted 
line. From dips of M to 135 degrees. the anomaly maintains a 
b&c shape in the form of a simple crossover. The amplitude 

FIG. 8. Hz rcsponrc ofa thin horizontal sheet at various depths. 
Tbc conductivity-thickness of the sheet is 2 S. The front of the 
transntittcr loop is at the origin of coordinates. 
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does wry somewhat. however. being controlled by the primary method. For a large planar conductor. howev 
field component normal to the plate which becomes a smaller 
and smaller fraction of the total field as the plate rotates from 

aiWayS present since a curving primary field r 
where. except in the special case when a WI 

30 to IS0 degrees (Figure 10). The case at a dip of IS0 degrees 
shows a very interesting behavior. The primary held can be 
seen to be down in the upper half of the plate and up in the 
lower half. The result of thii is that the anomaly changes 

located directly under the center of a horizc 
loop. The 165-degree dip case of Figure 9 she% 
crosso”cr on the edge ol the conductor far frc 
normal cr~~~~.ver is very small. due in par 

location and amplitude dramatically. For a very small plate. an 
anomaly could conceivably disappear completely. This phc- 
nomenon has been discussed by Bosschart (1964) for the Turam 

induction at the near edge as shown in Figur 
large primary field used as a divisor for normai 

The electric field anomaly generated by a p: 

t 
i 

DISTANCE 

FIG. Y. UTEM H. (solid) and H, (dotted) profiles over a dipping plate (continuous normalization). (Geometry she 
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SECT/ON tXW OF P&WE CONDUCTORS AN0 
P6WbQY MAGNET/C NELLI 

G&WETRY FOR 90. CASE 

FIG. 10. Geometry and dimensioos of the models shown in 
Figure 9. Also shown is the configuration of the primary field in 
the vicinity of the target conductor. 

a resistive half-space is caused by charge on the plate a~ well as 
eddy currents flowing in if and is atTccted by the earth-sir 
interface. AnnsnS algorithm does not determine the charge 
distribution. so analog scale modeling methods were employed 
lo produce type profiler. Figure II shows on example for a 
vertical plate. The longitudinal electric field is greatly reduced 
over the body at all times (i.e.. there is a strong reduction in the 
late time limit). The dynamic (time-varying) part of the anoma- 
ly haa the $ame time variation as the magnetic field but has a 
different geometrical pattern. The electric field is highly vulner- 
able to distortion by any conductivity contrast and the inten- 
sity of the static, late-limit anomaly over a conductor may 
therefore be reduced by any stratification berween the conduc- 
tor and the surface. 

Other simple mtomsly shapes 

A set of simple schematic models is shown in Figure 12. for 
each of which the main features of the vertical magnetic field 
arc sketched. The set ofsketches was derived from quantitative 
scale model cxpcriments by Lamontagnc I 197%. For the simple 
models illustrated where the host rock is complctcly non- 
conducting. the general anomaly shape for one body remains 
quite constant for the whole time range. The changes in anoma- 
ly from one channel to another arc mostly in the amplimde and 
smoothneu of the anomalies. 

500m IKrn 

.~. CONDUCTOR 
FIG. II. Scale model UTEM secondary magnetic H, and total 

electric &, data over a vertical plate conductor. 

E L.~*srsL “wm*IAL C3ND.ncTc.a 

FIG. 12. The form of continuously nonnalizcd UTEM HZ 
anomalies over some simple shapes. All conductors are in free 
Sp*Ce. 
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FIG. 13. The amplitude decay curves for the simple models of 
Fi urc 12 Meao sampling times are given for a base frquen~y 
of30 Hz The curve UTEM sampled exponcnrial is a calculated 
function included for comparison. Lamontagne (1975) gives 
simple approximation formulas for interpreting target conduc- 
tance from reference times 1,. . , rI determined by translational 
curve matchin& 

FIG. 14. Scale model UTEM H’ profiles over a conductive thin 
dike with overburden present. 

Thin dike-A conductive. steeply dippir 
crossover shape similar to the plate model 
point where the anomaly changes sign indi 
the top edge of the conductor. The anomali 
to be broader and shifted slightly downdir 
times. The inductive decay rate of the an 
cussed in a following section. 

Surface horizontal finite conductor.-A 
ductor of limited dimensions (not extend: 
produces an anomaly consisting of a low r 
with large positive shoulders near its L 
become rounded at later times and migrat. 
ol the conductor. Note that the thin horizc 
Figure 9 has a fairly deep location and thr 
tion of the crossover points is less cvjdent, i 

Shdlor block conductor.-This type of c 
negative anomaly over its top having an : 
200 perant at early times. An importnr 
block-like conductor is the absence of la 
anomalies. The amplitude of the positive I 
l/IO of the central negative, in contrast t 
layer where the shoulders have amplituc 
antral negative. The sharpness of the croz 
can be used as ao indication of depth of 
anomaly is called a top anomaly and is 
current pattern flowing around the top of 

T&k dike.-As might be expected, thi 
case betweeo a block and a thin dike s 
tabular body is of the -order as its dr 
csscs the response is a combbwion of cros 
sly due to vertical and horizontal currc 
anomaly being more evident on the early- 
crosso~cr anomaly on Inter-time chanm 
decay rates results from the different scak 
Ram, the top anomaly being controlled 
dike, and the crossover by the depth exteo 

ExtelPive hortzooul coodoctorr-All 
stricted lateral extent give rise to locali 
simply change amplitude with time (op 
sponw of a wry large conductor such ar 
I Ze is included for comparison. In this c 
rents are not confined and they migrate hr 

The response of stmpk free-spce mod 
example decay plots 01 log anomaly amp, 
(channel number). The raponszs shown 
UTEM sampled step responses that are 
interpretation of act1101 field data when 
lous response has clTectively vanished at 
ing by lateral translation of the graphs ’ 
cares. as previously discusxd. The appl 
decays to interpretation is discussed b; 
including the use of characteristic pLV=f 
ductancc. A significant point to note is 11 
finite bodies eventually exhibits cxponcc 
whereas induction in infinite fcalura 1: 
inverse power law (Kaufman. 1978). There 
and F. the very late portion 01 the de 
show an exponential behavior ifmcasurl 
livity. 
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FIG. IS. Decay plots for the H: anomalies ol Figure 14. 

Decay P)O~S or If: anoma)ics Over a thin dike (I) under a conductive overburden and (II) in P conductive half-space 
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Overburden cKtcts 

WC will restrict the discussion of overburden and host-rock 
etTccts to the case of a simple vertical finite dike conductive 
target. which was studied by Lamontagrte (1975) using P scale 
model. Conductive overburden cover can modify the responses 
of underlying conductors in two main ways. Let us consider a 
dike target whose response in lrce space is given in Figure 14d. 
If overburden is now placed over this target conductor, the 
resultant response (Figure 14b) is not just the sum of the 
overburden and dike rcsponsc. At early times it can be seen that 
there is very little response from the dike. This is because the 
magnetic field (MSW analogy) has not yet penetrated the ovcr- 
burden, and it leads to the name “overburden blanking” for 
this characteristic. At later times (Ch &I), when WC can see from 
Figure l4a that the field has wmpletely penetrated the over- 
burden layer, the dike and overburden response (14b) is vir- 
tually indistinguishable from.that of the dike alone (Md). The 
time decay pattern of the peak-to-pest amplitude of the cross- 
over is plotted in Figure IS. It clearly shows the blanking clTect 
of the overburden at early timer (right-hand figure). The minute 
negative response at earliest time is present only when the 

overburden extends under the loop. and i 
the compli&ted way in which the field fi.. 
target. 

A second etTect occurs when the dike is 
with the overburden. The results are quit 
where the dike lvas not in contact (Figu 
regionally induced (analogous) Current flc 
has been “gathered” or “channeled” iota 
higher conductivity. This accounts for 
crossover anomalies at early times. Beau 
the dike greatly exceeds that of the overb, 
current gathering is virtually independc: 
extent. The gathering effect at early times 
tar” remaining attached to the ovcrburd 
dike was removed was found to be over 8r 
complete dike. At later times. when the (;u 
in the overburden has migrated atiay (i.e.. 
current is no longer time-varying). the rap 
identical to that ol the dike alone. TI 
response is plotted oh Figure 15. and i 
hancement at early times P slight a*tenuaC 
intermediate times can be seen. 

LOCATION 

GEOWG, 

FIG. 17. Field example of E, and If: data lrom a well-stratified earth. The electrical section was obtained In 
data. The curves on the H: graph are the theoretical model; the points arc the field data The bottom axis i.’ 
geologic section is from nearby gas drilling exploration. 



1022 w*at .I .,. 

where and much less on average. It is rnos~ly humus or thin 
glacial soil. Surface water is fresh. and likely quite resistive 
(> 100 nm). Figure 17 shows some of the data with a layer and 
half-space model fitted to it by iterative minimization of 
squared error. Also shown is a stratigraphic section from a well 
a few kilometers distant. The dolomite layer is too resistive for 
its conductivity to be determined by data whose earliest time 
sample is at 100 ps. (l%e survey was done with UTEM I.) At 
first glance. the data look just like that for any conductive 
earth. as the early-time data at the end of profiles have the usual 
strong negative anomaly, and there is a regular outward pro- 
gression of crossovers as time progresses (decreasing channel 
number) However. the resistive surface layer does reveal itself 
in the limited approach of the early time cuwes to -2M) 
percent anomaly. The convergence of E, ar late time to 100 
percent of the primary field co@ms the excellent lateral homo- 
geneity of the site. 

This site has become an inrerating te 
methods. and a new grid has been cut a 
hawk Lake geophysical test range. It is a 
has many of the geometrical and elcctric- 
massive sulfide body. It is coverCd by 83 
conductive overburden. It was found CI. 
EM and has been intersected by two borehc 

A UTEM II survey with 30 Hz base 1 
out on 6 lines of length 2200 fl and 
transmitter loops to the north and south c 
shows a profile across the middle of the EOII 

At 50 IIS (Ch 9). the regionally induced t 
only 500 It from the loop. The field ha 
overburdc? at the target site. From 100 ps 
8-6). a crossover response is observed over 

SOUTH LOOP NORTH LOOF 

FIG. 19. Later time H: profiles (Ch S-2) outline the perimeter of the conductor. 
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Host rock eKecu FIELD RESULTS 

Figure 16 II shows the time variation in response of a 60 S 
vertical plate located in a half-space. The results were calcu- 
lated by Lamontagne (1975) by Fourier translorrnation of the 
frequency-domain numerical modeling of Lajoie and West 
(1976). At carly’times the response is reduced from the free-air 
response: this corresponds to blanking by the conductive 
region above the target. Al later times the response is enhanced 
indicating that the regional (analogous) current in the host rock 
is being gathered into the plate at these times. For poorly 
conducting host rock, the response at late times is close enough 
to the free-space response that simple interpretation of the 
target using a plate in free-space model is valid. For the higher 
host conductivitia (case 4.5) this is no longer the case. 

Milton, Ontario 

This area was surveyed to demonstrate what data from a 
conductive. well-strarificd earth looks like. The arm is one 
where 650 m of Rat-lying Paleozoic sediments overlie the Pre. 
Cambrian basement. The predominant member ofthestratigra- 
phy is a uniform and thick sequence of shale. Other beds arc 
mostly resistive cakareous and sandstone formations. The 
survey area is covered by a mixed forest and marshy streams. 
with occasional outcrops. The top of the bedrock is a dolomite 
formation which is everywhere more than 20 m thick. Topo- 
graphic relief is minor ( < IO m). with occasional rough spots 
near outcrop. Overburden is probably less than IO m every- 

u FIG. IS. A profile of Hi data from the north transmitter loo 
(di Rp 

across the Thomas Twp test site. A map of the survey is included 
ercnt scale). 



FIG. 20. Comparison of H: data from the south transmitter 
loop with a free-space plate model. The configuration of the 
primary field is also shown. 

500 ps the response changes to Sn asymmetric negative anoma- 
ly which decays much more slowly than the crca.s~~er response. 
The early-time cro~sovcr response is a current gathering or 
channeling anomaly where the (analogous) anomalous current 
flows along the length of the zone. while the longer lime con- 
slant raponse is a local induction anomaly. where induced 
currents flow in a wrlcx within the target conductor. 

Figure I9 shows a map of all the late-time protiles. They 
clearly delineate the edge of the target body. Figure 20 shows 
how a rectangular plate model can be found which models the 
observed results from one transmitter loop quite accurately, but 
which has to be rotated in order to match the results from the 
other loop. The late-time induced (analogousJ current system in 
the actual conductor appears to be a lightly defined normal 
current in the front upper (near-loop) edge of the conductor 
with S more diffuse. return current deep in the rear of the body. 
A survey with the transmitter loop located on the other side of 
the body war similarly fitted by a plate dipping away from that 
loop. indicating the conductor lo be a thick zone in which 
currents can Row in a variety of directions. 

Electric lick% were meawrcd at the Thom.u site. The late 
time vector map is shown in Figure 21, along with a rough 
numerical model. The conductive zone shows very clearly, al- 
though its edge is ill defined. Figure 22 shows a protile of the 
longitudinal component ofelectric field over the body. The field 

intensity is almOSt C~**f*nt from channel 6 onward, and the 
main feature of the response iS the aforementioned broad re. 
duction in the field strength over the conductor. It is helpful, 
when looking al E field profiles. to imagine a plot on the same 

axes of the ncgalivc OC the observed ChSnnel I response. This is 
the value the field start.i from al the half-cycle transition. Even 
as early as 50 ps (Ch 9). the electric field has made most of its 
polarity reversal. In fact. between the loop 10 the target body it 
has overshot, while from the target body outwards it is 
changing relatively SbWlY. The time changes in E are actually 
very similar to those in H. There arc two dominant decay times. 
a short one corresponding lo the overburden and the 
channeling target resp0ttSC (Ch 8-6) and a long one corrupond- 
ing to the local induction response (Ch 5-l). Also, these two 
E-field responses have a diReren geometrical form corrapond- 
ing with the ditTcrcnl lomu of the magnetic anomalies. The 
scaled up version of the E data in Figurg 22 shows the slowly 
decaying anomaly. Considerable noise is apparent in the data 
at this magnification. 

Bedrock con&xtor benntb overburden 

Figure 23 shows the measured secondary If, fields at a site in 
Australia The slow outward migration of the early-time 
channels and the -200 percent early-time limit away from the 
transmitter loop arc cbaracteri&-s of the resporuc of a near- 
surface conductive weathered layer. This layer has a total con- 
ductance of about 4 S. 

Around station 210W a more local superimposed crosswcr 
anomaly is evident which ic fued in location. Thii feature is 
evident over a great strike length. When the visually estimated 
overburden rnponse is stripped from the anomaly and the 
peak-to-peak cros~ovcr raponx is plotted on a decay plot 
(Figure 26), the characteristics of early time blanking time 
delay, and etthancement arc clearly displayed. Corresponding 
to the model data of Figure 16. the early time blanking attenu- 
ales the local anomaly as the (anak7gous) magnetic field hat not 
had tirrle to penetrate the weathered layer. At intermediate 
times (Ch 5, 4) the rapon~e lia above a fitted free-space. 
half-plane conductor decay curve. This is partly Sn amplitude 
enhancement from current gathering and partly due to a small 
delay in time while the (analogous) magnetic field penctratcs 
the near-surface conductor. It is not clear whether any of the 
L4ooS response can be identified as due to local induction. 
Nevertheless, the plotted induction curve for a half-plane in free 
space serves as a useful referemx and establishes an upper limit 
qt the conductance of the feature (7s in this care). 

On two survey lines about 1 km away. the same local feature 
is observed. but the response has changed to one of longer lime 
constant. As shown in Figure 24. a clear response persists 
through channels 2 and I. That data arc replotted with “point 
normalization” on Figure 25 to show the absolute secondary 
field. Absolute normalization praerw the true anomaly shape. 
but has the disadrantrge ofscaling up Strongly those SnOmSiiCS 
which lie near the transmitter. The stripped peak-to-peak re- 
sponse is plotted in decay form in Figure 26 and clearly show 
the ditTercnce in time constant at the two locations. 

The increase in time constant Seen on line 600N is very 
significant, since little change is seen in the back~ound re- 
sponse and only a lcsscr change in the blanking time. It indi- 
cateS that the L6OON late-time response is due to local induc- 
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FIG. 21. Vector map of the late-time .E field at Thomas Twp. A block model is included lor comparison The cxa 
wherc~,.oo~o,~e,. 

tion. Model fitting of the decay. taking into account the limited 
strike extent of the long time constant response, leads to an 
interpretation of thii feature ac a local thickening of the half- 
plane conductor. The loeal conductance needed to produce the 
longer time constant is 120 S in cootfast to the 7 S maximum of 
the rest of the bedrock conductor. 

Drilling indicated that the extensive conductor was a 50 m 
thick talc-silicate zone containing both carbonates and sulfide 
lenses within a talc-scricite host. The locally more conductive 
part consisted chiefly of nearly massive noneconomic sulfides. 

CONCLUSIOSS 

Experience with UTEM demonstrates that a wideband, 
time-domain EM system which measures the step response of 
the ground is electronically feasible and practical. Considerable 
field and modeling experience has shown that it is simple to use 
the amplitude information from such a system to aid signiti- 
cantly in interpretation. In our opinion the step response hu a 

significant advantage over the impulse respr 
and interpretation olgood conductors in the’ 
ones. Electric field data measured with the r. 
independent information about lateral wnd~ 
and may be a useful aid in interpretation. 
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FIG. 22. Tbomar Twp E data for line 0 from the routb trans- 
mittcr loop. The cxpan&d scale data on the lower axes show 

i that a very weak dynamic E field anomaly is associated with 
the main H: late time mponse(Cb 5-I). 
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anomaly amplitude ic alimatcd. 
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