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l. SUMMARY 

During August-September, 1982, Nevin Sadlier-Brown 
Goodbrand Ltd. on behalf of the Geological Survey of Canada, 
managed a helicopter-supported, geothermal gradient drilling 
program at the Mount Cayley Volcanic Complex in southwestern 
British Columbia. The drill site was located at elevation 
1540m in the upper reaches of Shovelnose Creek which drains 
the southeastern side of the Complex. 

Usin'J diamond drilling equipment, one hole {Shovelnose 
One) was abandoned at 516' {l57.3m) when rods were stuck in 
the hole during cementing to alleviate severe hole 
conditions. After moving the rig by hand, Shovelnose Two was 
completed uneventfully to 1500' {457 .3m). 

The holes penetrated a quartz diorite of the Coast 
Plutonic Complex cut by at least three stages of volcanic 
intrusion. Numerous dykes of dacitic and andesitic 
composition are visible throughout the core. Alteration and 
precipitate assemblages are typical of extensive hydrothermal 
activity similar to that at the Meager Creek volcanic complex 
to the north. 

The highest temperature measured was 48.9 °C at total 
depth in Shovelnose Two. Measured gradients display the 
influence of a warm water flow which enters the hole at 835' 
{254.6m). A background thermal gradient of approximately 
95°C/km is interpreted from the bottom hole temperatures. 

Water from the flowing zone was sam.\?led at the surface 
and is seen to be highly saline with Na , Cl-, Mg++, HC0 3-
being the dominant ions. ,A clear, colourless, non-flammable 
gas observed bubbling up the well is assumed to be dominantly 
carbon dioxide. Geothermometer estimates are variable with 
the most encouraging being the quartz conductive model which 
yields temperatures of 85.3°C and ll5.7°C in two samples. 
Chalcedony precipitation and surface groundwater dilution 
probably yield a lower estimate of equilibrium temperatur~s. 

2. INTRODUCTION 

2.1 Terms of Reference 

Nevin Sadl ier-Brown Good brand Ltd. was engaged by the 
Geological Survey of Canada under Department of Supply and 
Services Contract Serial Number OSB82-00238, to manage 
helicopter-supported drilling operations and conduct thermal 
studies of a borehole at Mount Cayley in southwestern British 
Columbia. The scientific authority was or. J.G. souther of 
the Geological Survey of Canada. 

-
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Nevin Sadlier-Brown Goodbrand Ltd. selected a diamond 
drilling contractor, and provided a geologist and support for 
manacJement of mobilization and demobilization, drill 
supervision, core logging and downhole temperature surveying. 
This final repor:t summarizes the work performed and results 
obtained under this contr:act. 

Measur:ement units in this report are in metr:ic with the 
exception of drillhole depths which were reported by the 
dr:iller in feet (metric equivalents are presented in 
bt:ackets}. 

2.2 Location, Access and Topography 

The dr:ill site is situated in the upper Shovelnose creek 
drainage, one kilometre southeast of Wizard Peak, a dacite 
pile which 1s part of the Mount Cayley volcanic complex in 
southwestern British Columbia (Figure 1}. The site is at 
treeline at elevation l540m ( 5050') on the eastern bank of 
Shovelnose Creek. 

From vancouver, the Hount cayley area is north 40km on 
Highway 99 to Squamish and about 50km on well maintained 
logging road to Shovelnose Creek in the Squamish River valley 
(Figure 2). Access to the drill site is by helicopter, a 
distance of 7km northwest from the staging point at Mile 33 
on the Squamish Main logging road. The vertical lift by 
helicopter is l450m. 

The topography in the area is extremely rugged. Peaks 
range in elevation to nearly 2400m (8000') and maximum relief 
is about 2300m (7700'). Uplift has in places, left isolated 
blocks of the gently undulating Eocene erosional surface 
(between approximately 1200m (4000') and 1800m (6000')) 
amidst rugged peaks of the glacially sculptured Coast 
Mountains. Drainage is immature and stream courses are 
commonly structurally controlled. 

The Mount Cayley edifice has a topography typical of the 
Garibaldi Belt volcanics. Th<e large domes and piles, of 
extrusive rock have afforded erosional protection to the 
underlying basement while uplift and glaciation have greatly 
oversteepened the slopes on the volcanics. The effect is to 
produce rugged ramparts of volcanic rock with near vertical 
faces. 

• 
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2.3 Geological Setting 

Basement rocks of the Coast Mountains are mainly of 
plutonic origin emplaced primarily in the late Upper 
Cretaceous with co,npositions ranging from diorite through 
quartz Inonzonite. About fifty percent of the Coast Plutonic 
rocks are comprised of quartz diorite and granodiorite 
(Roddick and Hutchinson, 1974). Lenses of metamorphosed 
sediments and volcanics which predate the plutonic activity 
generally occur i11 long steeply dipping lenses usually 
trending nort~northwest. These rock types form the basement 
stratigraphy in the immediate vicinity of Mount Cayley. 

Associated with the placement of the Coast Plutonic 
Intrusives are several stages of volcanic activity. In 
southwestern British Columbia the latest activity is 
represented by the Cenozoic Garibaldi Volcanic Belt of which 
the Mount Cayley assemblage is a member. Extrusive rocks at 
Mount Cayley vary in composition from basalt to rhyodacite 
with the bulk being dacite. Endogeneous and exogenous, .domes, 
piles, and flows are all visible in the project area. 

The drill site is situated on the eastern contact of the 
main volcanic pile and quartz diorite basement. several 
stages of volcanic activity are visible from the site and 
numerous porphyritic dykes were observed in the quartz 
diorite in the upper Shovelnose Valley. 

2.4 Previous Work 

In 1974, Nevin Sadliet:-Brown Goodbr:and Ltd. (NSBG, 1974) 
under contract to B.C. Hydro and Power Authority included the 
central Garibaldi Belt in a geothermal study of southwestern 
British Columbia, An aerial infrared scan was flown over the 
Mt. Cayley Complex at this time. 

Studies focusing on the geothermal potential of the 
Mt. Cayley area by Energy, Mines and Resources, Canada (EMR) 
began during the late 1970's. In the fall of 1977, two 
shallow diamond drill holes were completed in the Squamish 
valley on the western flanks of the ~\t. Cayley volcanic 
Complex. Geothermal gradients of 52.2 and 66.l°C/km were 
encountered, indicating the potential of a high-temperature 
thermal regime 111 this study area (Lewis, 1977). 
Subseyuently, three mor:e holes have been drilled (Souther, 
personal communication). Two diamond drill holes in the 
vicinity of Turbid and Shovelnose Creeks (Cayley l and 
Cayley 2) both indicate geothermal gradients of about 
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lOO"C/km. A fifth hole, drille•l during the autumn of 1981 on 
Brandywine Creek east of the Mt. Fee Complex, shows a 
yradient ot about 50"C/km (Souther, personal communication). 

Souther (1980) conducted detailed geological 1rrappiny in 
the central Garibaldi Belt. Several volcanic centres were 
identified along the north-south trending Squamish-Cheakamus 
divide. C•'ological mappinq outlined the complex volcanic 
stratigraphy in the Cayley area. 'l'he study discovered two 
groups of thermal spr1ngs within the Mt. Cayley Complex 
ranging in temperature from about lB"C to 40"C. In addition, 
a dipole-dipole, DC resistivity survey was performed in the 
higher elevations over plutonic basement rock adjacent to the 
Mt. Cayley volcanic centres (Souther, personal 
communication). 

3. DRILLING 

Iron Mountain Drilling Ltd. was selected as the diamond 
drill contractor for the project. A Longyear Super 38 ·was 
moved from the Squam ish Main logging road to the site on 
August 23, 1982 with drilling commencing the following day. 
The hole was designated Shovelnose One (SN-1). 

SN-1 was collared with BW casing (73 .Omm O.D.) to 20' 
(6.lm) and drilling to depth followed with BQ equipment (60mm 
hole dia). The penetration rate was exceptional with over 
60m drilled in each of the first two days. Drilling was then 
brought to a virtual halt in highly altered and fractured 
quartz diorite. Binding cand squeezing of the drill rods 
threatened to break the string and cementing was attempted 
several times to stabilize the hole. 

Each cement job was unsuccessful and little cement was 
encountered when the hole was redrilled. It was suspected 
that the fractured rock was taking the cement plug. At 516' 
( 157 .3m) a slurry of hi•Jh-early-strength cement was placed at 
the bottom of the hole. The drill rods were pulled off 
bottom 200' (6lm) and flushed until clean water appeared at 
surface. The followiny morning the drill string was 
d iscoveced stuck in the hole. After considerable effort the 
hole was abandoned with seven drill rods and a core barrel 
unrecovered. Traces of cement were observed on one of the 
recovered cods. 

The drill was moved approximately one metre northeast in 
ocder to drill a parallel hole. NQ drilling equipment was 
brought in to the site. The second hole, Shovelnose Two, was 

--- -~-------~----~ 

l 
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collared with NW casirF_l (88.9mm O.D.) to 30' (9.2m) and 
cemented. Drilling proceeded with NQ (75.7mm hole dia.) to 
630' ( 192 .1m) then was reduced to BQ to a total depth of 
1500' (457 .3m). very blocky ground was encountered at 
similar depths to SN-1 but a mixture of bentonite and organic 
polymer mud in this zone sufficiently stabilized the hole so 
that no cementing was reyuired, 

4. CORE GEOLOGY 

4.1 Introduction 

As expected, SN-1 and -2 display considerable similarity 
in 1 i tho logy, alteration, prec ip ita te s and structure. Good 
correlation between rock types was noted with the exception 
that the depth of intersection of distinct dykes and 
structures are slightly shallower in SN-1 indicating steeply 
dipping structure trending roughly northwest. Steeply 
dipping dykes mapped at surface also trend northwest. It is 
considered that binding in SN-1 may have been caused by 
drilling along steeply dipping fractures. 

The following descriptions of the core will concern the 
general bore intersection with hole-specific comments added 
where substantial differences exist. 

4.2 Core Lithology 

Shovelnose core comprises moderately to strongly altered 
quartz diorite intruded by numerous dykes of varying size and 
composition. The quartz diorite exhibits a uniform, 
medium-grained texture with equant feldspar and quartz grains 
l-2mm in diameter. In thin section, strongly zoned 
plagioclase grains are sheared and exhibit some intergrowth. 
Both feldspar and rec rys tall ized quae tz are sutured along 
grain boundaries indicative of a more recent phase of 
alteration. Ten to twenty-five percent of the plutonic rock 
is co1nposed of secondary biotite crystals in books 2 to Smm 
in diameter. Biotite distribution and alteration is strongly 
affected by fracturing and shearing. Foliation in the quartz 
diorite is generally weak but at times becomes intense near 
dykes or breccia contacts. 

Hypabyssal intrusions into the quartz diorite are 
numerous and range in composition from andesite to dacite. 
Three distinct volcanic rock types and at least three 
different intrusive phases are easily identified. A lavender 
to medium-grey, hornblende, feldspar, porphyry dacite, most 

-, 

;¥, 
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prominent 1n the first 150m of the bole, exhibits anhedral 
phenocrysts of feldspar and mino~ quactz(?) canying in size 
fcom 0.5 to 2mm 1n an aphanitic groundmass, Hornblende 
occurs in sparse lath<'s to 2mm length. Dacite dykes are 
genecally 3 to Sm (10 to 15') in apparent thickness and 
contact celations are often obscure due to the intensity of 
fcacturing and alteration 1n these zones. Angular, 
pebble-sized inclusions of both plutonic and volcanic 
fragments ace common, particularly towacds dyke margins. 
Dacite intcusions are generally moce intact, and exhibit a 
lesser degree of alteration than other dykes. The dacite is 
part of a later phase of volcanism as evidenced by 
crosscutting relations with an earlier andesite dyke at 216' 
( 65 .Bm) in SN-1. 

A medium to dark grey, fine-grained andesite is present 
numerous dykes ranging in appacent width from 0.5 to 4.5m {2 
to 15') and often occuring in swarms. The andesite typically 
contains small altered hornblende phenocrysts within a 
uniform aphanitic groundmass, Contact relations are unclear 
because of the incompetent nature of the rock. 

A third intrusive of minor extent is a dark grey-green, 
aphanitic andesite. 

Additionally, numerous breccias occur throughout the 
core suggesting a violent intrusive character. Breccias 
consist of sand to pebble-sized angular fragments of 
kaolinized dacite and quartz diorite, Breccia dykes often 
occur in zones of weakness, such as on the border of other 
dykes and 1n shear zones and range in size from 2cm to 
several metres. The most notable of these breccias is seen 
at 941' to 952' (286.9-290.2m). Here a coarsely brecciated 
dacite (3cm clasts) lS intensely bleached to a chalky white 
colour. 

4.3 Alteration and Mineral Precipitates 

Rock in the Shovelnose drill holes exhibits various 
phases of alteration. The earliest alteration consists of 
secondacy biotite which pervades the bulk of the core, most 
commonly in the quartz diorite and locally in older volcanic 
dykes. The biotite is present in books to 5mm diameter which 
are deformed around other grains to conform with the 
continuous fabric of the core. 

A regional weak propylitic 
all of the mafics present. The 

alteration variably affects 
secondary biotite exhibits 

--------------- -----------------------

-I 
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chlor itic ftc inyes, and hocnblende in the plutonic cock is 
largely ceplaced by chlorite. Buff to olive clays are found 
on most fcactures thcoughout the hole. Additionally, 
feldspacs exhibit weak sausseritization in most gcains. 

A pervasive argillic alteration (kaolinite) has replaced 
n1ust plutc;llic feldspacs to a modecate degree. Interstitial 
clays are common throughout the quartz diorite, Pervasive 
acyillic altecation occucs in dykes to a lesser and moce 
variable degree. Localized zones of strong silicification 
have flooded the rock at 1063'-1210' (324.l-368,9m). The 
core contains extensive fine-grained quartz and some salmon 
pink k-feldspar, 

Near 
alteration 
and quartz 
recovery 
attributed 
from the 
suggesting 

zones of dyke contact or brecciation intense 
commonly reduces the core fabric entirely to clay 
grains. Numerous zones of broken rock where core 
is poor (at 400'-540', l22.0-l64.6m) may be 
to the washing of the clay fraction, Return flow 
drill casing often displayed a milky colour 
clay washing. 

Precipitates are common on most fracture surfaces. Clay 
coatings predominate throughout the hole with a 
carbonate-clay or cla,y-hematite-magnetite assemblages 
occurring locally. Some zones, spacially associated with 
dykes, exhibit a nondescript black coating in thicknesses to 
Smm cutting across the core. This black mineral is probably 
a manganese oxide; (ie. psilomane, pyrolucite, wad). Gypsum 
and carbonate also occur a,s scaley coatings. 

Pcimary vein minerals consist of carbonates, epidote and 
quartz. Carbonates occur as cryptocrystalline coatings and 
rarely as macro-ccystalline fillings, both usually in or ne~r 
volcanic dykes. Epidote and quartz are present locally, and 
usually 1n association with carbonate-clay precipitates, 
sericitic alteration, silicification of the wall rock and 
sericite on fractures. Epidote can occur in small crystals 
lining open spaces, or as broad (5-lOcm) zones of flooding 
sometimes with a quartz centre and silicic wall a iteration to 
lOcm width. 

Sulphides are notably lacking 
extremely fine-gcained, disseminated 
and occurring peciodically thcoughout 

with the exception of 
pyrite, often in cubes 
the coce. 
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4 .4 Structure 

Intense tectoni<: rtctivity and repeated intrusions have 
tcesulted in a complex stntc:tutcal pattern in the Shovelnose 
core. Fracturing is highly disordered with only a few 
distinct joint sets identifiable. In a number of zones, 
ragged sub-vertical fractures cut the core. i'lore common 
however, anc "broken zones" consisting of closely spaced 
(l-3cm) randomly oriented fractures. These zones are 
typically present in the vicinity of hypabyssal intrusions 
though long sections of quartz diorite are similarly 
affected. 

Foliation is only weakly developed except near zones of 
alteration and shearing, where a gneissic texture is 
developed, Attitudes are difficult to determine but are 
usually at moderate angles to the core axis. 

5.0 TEMPERATURES 

Downhole temperature traverses were conducted at the. end 
of the twelve hour period between drilling shifts, Each 
traverse overlapped the previous one at 50' (15.2m) intervals 
and surveyed the newly drilled hole at 10' (3.lm) intervals 
(Figures 3 & 4). Upon reaching total depth and after a 
14 hour stabilization period, the entire hole was surveyed at 
10' (3.lm) intervals (Figure 5). 

Downhole temperatures were measured with a 
thermistor-based transducer read with a resistance bridge 
both on loan from the Earth Physics Br.anch of EMR. The tool 
was run inside of the drill rods except for the last 2m where 
the bit was lifted off bottom to allow an undisturbed bottom 
hole tetnperature measurement. The data quality is good 
although flow in the hole resulted in a few unsteady 
measurements. 

A major upward fluid flow from about 835' (254.6m) is 
observable in the final traverse. Minor flows out of the 
formation are evident throughout the hole. Bottom hole 
temperatures, which most accurately represent the undisturbed 
rock temperature and ther.efore the insitu thermal gradient, 
display two distinct gradients. The upper gradient is 
105"C/km and the lower is 87"C/km with the inflection at the 
main source of warm water inflow (835', 254.6m). This 
observation r:eflects the effect of a warm water flow 
travelling transverse to the bore over a lengthy period of 
time. The flow acts as a heat source and serves to raise and 



,,, 
(,h'APHIC LOG ROO TEMPERATURE (oC) ,.,, 

0 5 10 15 20 ''"'''I 100 
t), 0 I 1~40 

\ 
...... 100 

200 
It 'I lo I H 

•'.)[)A~ Tt ~~l~U~ ,_ 
w 
w 
~ 

I 
12.08°C, ,_ 

Q_ 
w 
0 

~ 
300 

' 

,, 
I·•" "' c 400 
Uo\ult 

500 
0 

LEGEND 

LITHOLOGIES 

w dVl.l\lJUl\lll_N li<'<•'lll tilliiVI•IIII 

r::;-!l DACITE - Mt:dJulll yrey hornblende teldspor 
Li. .. cl .. U porphyry dyke5, locally brecc1ated 

• 
ANDESITE l -· Med1um yrt>y hornblende 
porptlyry dykes 

ANDESITE 2- Dark grey·green aphanitiC 
dykes 

QUARTZ DIORITE - med1urn to coarse grwned 
pluton1c rock e-.h•b1t1ng mmor foi10I10n, 
extremt>ly VOI"IOble ulterat1on 

TEMPERATURE MEASUREMENT NOTES 

0 BOTTOM HOLE TEMPERATURES 
Temperature, Depth, StatiC Time 

• • 
OFF-BOTTOM TRAVERSE 
TEMPERATURES 

\ :; 
w 

1500 > 
w 
~ 

•\ 50 4 

• '" .\ "' 

'\ "' 
z 
4 w w <Y ,_ "' w w 

"' > 
255ft., (77 7m), IOh D 0 

I <D 
4 

0 

,_ 
Q_ 

"' w w 
0 1450 <Y ,_ 

w 

100 "' z 
0 

\ ~ 
w 
~ 

(1393ml, 10\ 

w 

18.96°C, 457ft_, 1400 

I 150 

10 l'o 20 

STRUCTURES 

Fault 

Shear or Shear Zone 

Breccia 

FIGURE 3 

TEMPERATURE PROFILES 
AND GRAPHIC LOG 
SHOVELNOSE ONE 

I 



' . _ex; 
""' . 

I I 

. ~ .. · 

I 
r 
? 

d., 
r' 
I ., 

\ __ ) 

l 

~ 
l 

r' 

~] 

, 
. , 
J 

300 

00 • 

5I)( 

. J(, 

7X .... 
u.. ,, 
T 

u_l 

H<l 

1(' 

• • 

• • 

Q 

I I 4 3 "C, 2 3f: \ I 0 'T1), lOll 

• 

0 

~~ 

• 

\ 
il 

7 G2°C, 8 f • , , ', 9 6rnJ, 10 

• 
• • • • 
~ · ... 

• 

46"C. 463t • . (1 41 zrn:. IO !> 

• ,· , r 'f ~ . r ~ 
• f '/ ~, ..... T' ~t. • .. 

LEGEND 

LITHOLOGI ES ST RUC URE S 

l -..... 

TE 2 • •· • ,ro.•y • • .; ' 

• 

2C 

• • 
~· 

.. Oh 

• • 

....£,,FE;;:.! It. :· 

2" 35 40 

• 

.. 

.. 

• 

.. 
• • 

3 • '"1' 

• 
• 
• 
• • • 

• . . . 

• 
• • 

• 
... .. 
• ... 

• 

·'' • .. 

• • 

• • 
• ... .... ..... 300'_1 1 (~'3t ,. ' ( 5h 

FIGURE 4 

TEMPERATURE PROFILES 
AND GRAPH IC LOG 
SHOVEL OSE TWO 

0 • 
• 
• 
• 
• 
• 
o. 

. )I') 



!. 

r 

. ~ 

J 

II 4:3•c, 23 

, 

~ 

& 

• • • • • • • . 
• • 

, (710m), 10 

• • • • • 
\ 

\ 

0 

• • 
• . 

\ 

• • • • . 

17 02•c. 389 rr , (11 86m), IO 

• • • • • 
• • 

\ . 

19 46"(. 4 6 3 f , ( 14 1 2m;, 105 

• • • 

' 

• 

Q 

. 
• . 

• • • 

1~'•' ER.G 'P" •c: 
-c 

' 

• • 
• 

• 
21 92"C, 5 371 , (163 7 i. 10.., b • . 

• 
• 

30 

00 • 

0() 

I 
'--\ 

'-' 
r~ 

I 
J 

I 

l 
I l· ~lO 

j 

u I 
1 c~ -

~-=-J 

LEGEND 
LITHO OGlES 

r OVER9L.FU!'t'l. · R~c· · 1 .v•u~ L:. -..J 

L 

_ • .,... .. ~"'t', ,.-..,, !1 lrn.:~ f~f...;o;, a~ 

.... .J ; h ~ ... 1~~. 

0 

24 78"C , 622' , (189 bm), IOh Q . 
• • 

28 62"C, 752 , \~9 3 ), IOh 

• • 
0 

• • 

'o 
' 

• • . 
• • • • • • 

• • 

• • • • a . 
• • . 

0 .. 
• 

;.-

1/) 

'"' :1" 
1-
~ 

r . 

3622•c, 1 t5 r, ( 09 rn., 05h q • • 

TEMPERATURE MEASUREMENT NO ES 

0 !"'""~ .... 11Jlf ...... :--·-E"··o-~. ~== .. 
.,. t!, ~ t"•r:r JrP u.ept"' S a1•c T m 

• ,~FF BOTTv!V: TR· ,o Sr 
T;:f.'f't..CA ~RES 

/ APPR.;XII'I.A-E -;: l'lf'ERATU E: 
/ GRAOI£!\1 

'C 

STRUCTURES 

---- •.;: 1 

/ 

• • 

• • 
• • • 

39 ?3"C, 11431 , t <18 5·n IOh C • • 

• 
0 

• • 
0 

4 2 o.;•c, '226fr, (373 Bml, IOh o•o . 
• • • 

•(, t 00 I , ( 96 3 ), 0 h o"• 
• • 

0 

• 
0 

• ·• 

a 7 "C. t4.a r (4 32 m), "sr. Q• 

4 

FIGURE 5 

.. 
• 
~ 

• 
0 

FINAL TEMPERATURE TRAVERSE 
AND GRAPHIC LOG­
SHOVELNOSE TWO 

uJ 
~~ 

..J 

~ 

' 

~ 
w ... 

• '0 



·---------

NEVIN i SADLIER-BROWN I GOODBRAND I LTD 

- ') -
lower the gradients respectively, above and below the flowing 
layer (Lewis, 1977). The true gradient lies between the two 
values, probably near 95C/km (T. Lewis, Pers.Comm,). This 
gradient is about three times the globally averaged gradient, 

6,0 HYDROGEOCHEMISTRY 

During the early stages of drilling SN-2, the hole 
produced minor quantities of water. As drilling progressed, 
traces of a colourless, non-flammable gas began to effervesce 
out of solution and the outflow increased, 

At 917' (279.6m) the flow rate stabilized at 1-2 L/min 
and gas was bubbling constantly from the hole, Sample 54 was 
recovered from the top of the casing after a 12 hour static 
period during which no hole disturbance took place, 

The hole continued to produce water and gas at similar 
flow rates until T.D. at 150.0' (457 .3m). Sample 34 was t;.aken 
16 hours after the hole was completed, The measured pH was 
between 6.5-7.0 and the conductivity was 3400 fmhos (measured 
at the time of sampling). 

The sampling treatment is summarized as follows: 

Cations- 245ml, 40p filter, 5ml HN03 acid added 
Anions - 250ml, 40p filter 
Si02 - 20 ml sample, 40p filter, 180ml distilled 

water added 

The results of two suites of analyses with applicable 
geothermometer calculations are shown in Table 1. 

Of immediate interest is the concentration of sodium and 
chloride ions which is exceptionally high for thermal water 
from the Garibaldi Belt. High carbonate can be considered 
indicative of the presence of carbon dioxide .gas, 

The Na-K-Ca geothermometer appears to be influenced by 
high Mg and after incorporating an Mg correction (after 
Fournier and Potter, 1979) yields temperatures of 32.2 and 
37 ,5°C close to the temperature of the inflow to the borehole 
(3l.5°C). This suggests that the fluid may be in equilibrium 
with the rock in the bore. However until a source for the Mg 
can be determined, the validity of either of these 
geothermometers is in question, The quartz conductive model 
for the Sio2 geothermometer yields temperatures of 35,3°C and 
115.7°C possibly indicating a more encouraging past 



TABLE 1 

Sam!Jle No. Hole Depth Co Hg ,, K ,, 

SNZ-34 1500' {457.3m) 272 I 05 780 32.4 175 

SN2-54 917' (279.6m) 311 135 sao 37 .6 431 

HYDROGEOCHEMISTRY OF SHOVELNOSE 2 WATER 

Ho ,, li c, 

1.52 1.9.11 ~ l .06 <0 .05 

1.95 1.86 1.24 <0 .05 

All results reported as ppm. 

R. Kellen~~oan 
Geochem Lab 
University of Waterloo 

HC03 F 

2317 0.36 

2613 0.18 

I a 

Chemical Geothennometer Results {~CJ 

Quartz 
Cl so, SiOz TDS Conductive Cha l!::edony Na-K-Ca Na-K-Ca-Mg !~d/ L 

685 88.3 66 .6 0.2721 ll5. 7 85,3 140.6 37.5 97. t 

BIO 106 37 .6 0.260%. 89.1 56.4 142.6 32.2 9Y. h 



NEVIN SADLIER-BROWN I GOOD BRAND, LTD 

- 10 -

temperature. Fluid dilution may be suppressing the 
silica-indicated temperatures. The chalcedony equilibria 
geothermometer suggests temperatures of 56 .4°C and 85 .3°C 
although deposition of chalcedony was not observed in the 
core. This geother:nometer may also yield conservative 
results due to dilution. Reasonable correlation with the 
conductive silica temperatures is achieved with the less 
understood Na/Li geothermometer which yields 97.6 and 99.8°C 
(Fouillac and Michard, 1981). Rock lithium content, however, 
can produce erratic results with this method. 

High iron content can be explained by the presence of 
the drill rods in the hole during sampling. A rusty tinge to 
the water was noted especially after long equilibrium times. 
Other impurities from the drilling process should be '·minimal 
as little mud or cement was used in SN-2. 

7. DISCUSSION 

The Shovelnose core penetrates a typical quartz diorite 
of the Coast Plutonic Complex. The unit is characterized in 
the immediate area of the drill site by pervasive secondary 
biotite and a minor to moderate degree of hydrothermal 
alteration consistent with the proximity to units of the 
Mount Cayley volcanic complex. Three distinct phases of 
volcanic dyke intrusion can be recognized in the (jrill site 
vicinity and in the core. 

Lateral flow of war\11 water at a depth of about 835' 
(254.6m) has disturbed the temperature gradient in the hole. 
A gradient of 95°C/km is assumed to approximate the pre-flow 
gradient. This gradient is similar to drill hole results 
from near the base in slope on Shovelnose Creek and Turbid 
Creek (Souther, pers.comm.). Comparable gradients have been 
measured at the Meager Creek volcanic complex to the north, 
near the edges of the near surface convective hot zones. 
There is a striking similarity between the observed Cayley 
phenomena and Meager Creek data in regard to both geology and 
temperature. 

Upflow of water in Shovelnose 2 suggests the 
intersect1on of the source water of Shovelnose (and possibly 
Turbid Creek) warm springs. The water chemistry of both SN-2 
and Turbid Creek springs are anomalously high in magnesium, 
the source of which is probably common but as yet 
undetermined. The elevation of the water flow is 
approximately 4000' AMSL (l220m) and, since the hydraulic 
gradient can be expected to be generally downslope 1 it is 

----------
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reasonable to expect that the thermal water:s are emanating 
from under: the Wizard Peak - Mt. Cayley pile. Since the 
granitic ter:r:ane distal from the volcanic activity is massive 
and virtually unfractured, the shattered zone thr:ough which 
the extr:uded rock rose is proposed as a likely conduit for 
rising thermal fluids. 

The location of such a conduit is uncertain due to the 
considerable distance through which fractuce controlled flow 
can be expected to move freely. Since the observed thermal 
water is at 4000' (l220m) elevation the source area must be 
higher in elevation limiting the target area, A detailed 
structural examination may assist in this search. 

---------
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' 

\>JELL: SHOVELNOSE ONE 

GENERAL LOCATION: Upper Shovelnose Valley 

COORDINATES: 5 550 470m N, 481 050m E 

DATE COLLARED: August 24, 1982 

DATE COMPLETED: Abandoned September 2, 1982 

COLLAR ELEVATION: 5,050 feet (l540m) 

TOTAL DEPTH (TD): 516 feet (l57.3m) 

BEDROCK DEPTH: 8 feet ( 2. 4m) 

WATERTABLE DEPTH: 

TEMP AT TO: not measured 

HIGHEST TEMP RECORDED: l8.96°C @ 457 feet (l39.3m) 

TEMP GRADIENT AT BOTl'OM: ll0°C/km 

CASING: ~ I. D. Depth Cemented? 

BW 2 3/8" 20 feet Yes 
(6.030m) (6.lm) 

WELL BORE Bit 
BELOW CASING: Size Dia. Depth Interval 

BQ 2.36 11 0-516ft. (157.3m) 
(5.99cm) 

LINER: I. D. Depth Perforation Interval 

NONE 

WELLHEAD (cap, valves, liner hanger or sleeve, etc.): 

NONE 

DIP TESTS: Angle Instrument 

NOTES: 

NONE 

70 feet (21.3m) BQ rods and a BQ core barrel assembly 
stuck between 235 feet (71.6m) and 317 feet (96.6m). 
Probably stuck in cement and hole consequently abandoned. 



SHOVELNOSE TWO 

GENERAL LOCATIONo 

COORDINATES' 

DATE COLLAREDo 

DATE COMPLETED, 

COLLAR ELEVATION: 

TOTAL DEPTH (TD) : 

BEDROCK DEPTH: 

WATERTABLE DEPTH: 

TEMP AT TD: 

Upper Shovelnose Valley 

5 550 470rn 

September 4, 1982 

September 17, 1982 

5,050 feet (1540rn) 

1,500 feet (457.3rn) 

8 feet (2.4rn) 

48.9o•c 

HIGHEST TEMP RECORDED: 48.90•c @ T.D. 

TEMP GRADIENT AT BOTTOM: 87°C/km 

CASING:. 

WELL BORE 
BELOW CASING: 

LINER: 

NONE 

~ 

NW 

Bit 
Size 

NQ 

BQ 

~ 

I.D. 

3. 5"· 
(8. 89cm) 

Dia. 

2 .. 98" 
(7.57cm) 
2.36 11 

:f?o:9cm) 

481 050rn 

Depth 

30 feet 
(9.lrn) 

E 

cemented? 

Yes 

Depth Interval 

0-630 feet (192.lm) 

630 feet (192.lm)-1500 feet (457.3m) 

Depth. ·perforation Interval · 

WELLHEAD (cap, valves, liner hanger or sleeve, etc .. ): 

NONE 

DIP TESTS: Angle Instrument 

NONE 

NOTES: 

fe~'->t rlm) northeast 
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Appendix B - Drill Logs 

Shovelnose One 

Shovelnose Two 
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GRAPHIC LOG 

HOLE SHOVE:LNOSE ~l SHEET Of 

fcc.=,-r--:,--,---c'"'i''O:"'-i":C,c::c:-o:o;:o:--,:ifJ ~;'Y-l- N/'('j;J~IJI I ::::--~ 
FROM TO % ROD DRILLING COND I/ 1<fN/ Jj,Jjd/4.,// '-'.0 LITHOLOGY STRUCTURE 

GEOLOGIC LOG 

ALTERATION PRECIPITATES 

0 
BW casl.ng set 20 I ,, I 

r2s-to 20';attemp: i 

30 

-_40- - 4_0_ 

-- _fJQ__ 
60 

_7J)_ 
70 

ao 

95 

95 

95 

- .90_ --
90 

!00 

co cement to 

16 ~~~stGl~nsuc-

43-

·o-- - ----

0 

97 
47 

....... ---·· 

20-24 E~otiLe QUARTZ DIORITE; 
extremely broken, fissile. 

24-4~ Park grey aphanitic DACITE 
dyke 1.s intensely fractured 
"cra<::kled". Remnant hornblende 

; TI (t biotite) has been stronglY 
.- (\ chlor~tu:ed. Rock ~s soft., 

friable. Contact attitudes are 
unclear. Volcanic intrusive 1.s 
weakly magnet~c. 

'> ~ 49-5~ Intensely a~t!i;red QUARTZ 
DIORITE is fractured,friable. 

~ 
~ Uniform textu~e in equant 

quartz grains 2mm in diameter . 
...S Veinlets containing biotite(?) 

Epidote clays are common 
between quartz gra~ns. 

Clay ~s common throughout.. 
Biotite, hornblende are 
entirely chloritized. 

Ext!'msiv_e_ s;econdary bi.otit;e_ 
occurs in books 2-5lllil\ in 
diAmeter. Feldspar is re­
placed by cl~ys, epidote. 

Calcite infilllngs occur in 
most fracture spaces. 

I( ~t:oughQut". -··----------· ___ _ 
S"?! 55-76 Feldspar porpllyry Epidote ·and cla.ys are co1m10n Cl11.y is common 4.5 a thin 
f\ DACITE. Fracturing lUld/or in and around fra.ctures, fracture f.illinq. 

shearing ili inten11e throughout. H4fir:ll have been II!Oderately 
7 Dacite contains fissile crypt~ chloriti~ed and genera.lly 

v) __ r:rystA.lline .volca.nJ.c dykea .. __ .. _ .ue.~.in'ilad.by .. ..t:.ed:,pi.ll!L_ .. _. __ --~------
5-lScm in width in 55-65m. hemAtite. 
Contact8 with quartz diorite 
axe jagged, attitudes unclear 
(though lower contact roughly 

._folJ.nws.mi.cro-"e:!.nlll.g}. _______________ ---------------
76-92 QUARTZ DIORfTE is intense~ Secondary biotite in book-s 

altered though somewhat more 2-Jmm diameter occurs 
intact. Uniform texture is throughout. 

~ -; regularly inte.-upted by thin 

t,.!L .... ~ shear .zone..s_~ont.a.J..o.ing. thin...-
~h-. dark veinlets. 
~t92-94 Dark. grey aphanitic 
)._\""' ANDESITE dyke. Sharp, jagged 
~·~ contact at ao• to c.a. 

Trace C<U"bonates accOIDpany 
clay on fracture faces. 

GRAPHIC LOG 

N~E~V~I=-N=SAO~~L=IE~R~-~·~,:~o~,~~,~~N~;oo~,~OG~oe=R=A~N~O~LT~o~.:::::~~g-ii (!.w~~$¥ DIAMOND DRILL LOG SHEET 

FROM TO % ROO DRILLING CONO ~%%%-f!/1:41 l;l//;~ LITHOLOGY STRUCTURE 

HOLE SHOVELNOS£ ill 

GEOLOGIC LOG 
ALTERATION 

100 ~ 94-120 QUARTZ DIORITE. Brecciated Clay and epidote replace 

SHEET OF 

PRECIPITATES 

Clay and trace carbonates 

. 

95 
47 

~ zone at 97-98m contains feldspars. Mafics are chlor 
U angular volcanic &nd basement itized and secondary biotit 
q ~ fragments. Texture becomes is coounon throughout. 

=_, variable J:>elow 10_5~1 so~ ~ _ -~-. _ 

are present as coatings on 
fractures and as open space 
fillings in broken or 
sh~:a~ed_ zones. 

120 

140 

150 

__ l:;!.Q -~-
0 

95 125 

5) 

··-·· 

95 
148 

- ...1.50 - - -- -

)l 

_ _.!.~o_ 
~160'" 

158-

95 
0 

__ l_"lil --
170 

11 
finer grained phases app~rent. Moderate to strong epidote 

flooding in vicinity of 

h " ~ 120-125.5 Fine grained medium-
[) dark grey ANDESITE. Sante rent­
~ nant hornblende blades_ occur in 
\\ ~ crypto<::rystalline matru. 

shear zon,e. 

. 

U 1:1!5, 5-:);59 _ Ql!~ _D):QR,ITE.Rock _i_s .;1~c_ondary_ b!q_tite occ~r_s_ 
= ~ moderately fractured, intensely throughout. Chlorite is 

.. 
9 II 

" II-= ... 
' \\ jl 

I
I !1:::-

-:~- \\ 

altered. Texture is variable 
and foliation is weak. Dark 
microveinlets occur throughou~ 
Thin...Y2J-c_anJc______b..reccia_ dy_ke$ __ 
2-)cm th~ck intrude at 136', 
140' , and 148'. Dyke:. 
generally kaolinized. 

~ 159-179 Lavender-dark grey 
r----!..,.. porphyritic DACITE is intense 

V shattered, cut by several 
shears. Feldspar and quartz(?) 
cry.,t<>l!l 11ro; anh10dral ranging 
in s~ze fro~ 0.5-~-

present in microveins and 
as replacement of mafics. 
Minor epidote fringes vein-

- _l_etiii _a.!ld_ll!a_f_it;: _Lcb-.l<;>r_itic;)_ 
portions of rock. 

Epidote is cOI!IITlon around more 
prominent fractures. Chlori 
after hornblende is present 
througltou t. 

Carbonates and qfl,sUIII codt 
fracture face~.-

Cl!lY a:nd lll~np! gyp_sum _a~~ __ 
present on most fracture 
faces. 

Cl"lY and minor gyps~ occur 
on fracture faces. 

' " 
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O<'LUNG LOG 

I I 

lBO 

95 

_190 -
190 

95 

---1----------

rm: 
220 50 

220 [m· 
95 

~;;-
.. 

1 "' 1- -

~r 
240 [:w.-

95 
- . 

1- ! 

250 

260 _259_ 

LOG SHEET HOLE SHOVELNOSE •1 

GEOl.OmC LOG 

- h QUARTZ DIORITE i' IFloo voiol"C. of ohlorho 

11'1; intensely altered, moderately occur tbzoughout. Secondary 
"' 1\ fractured. LOwer contact with biotite and epidote replace 
~ dyke is 35" to c.a. all original mafics. 

~ 
188-202.5 Fine grained medium _ EPidot! forms in A1terati91') 

It> grey DACITE dyke. Texture iS envelopes around some 
uniform throughout, conta~ns fractures and in fractured 
fine chlorite after areas where it occurs in 

SHEET OF 

Trace magnetite and fine 
pyrite cubes present on 
fracture factHi. 

Gal cite and epidote -~1! _. __ ~ 
common as fracture fiH.io<l"' 

-----------------
In'= in grey groundmass. Contacts irregular patches. Hafics 

~~ \\ _ :~h=~:~~~-~-- t.ex~~re_ iJ! _ __ __ !~i/h!,o_~_i_tiz_e_d; !;~/'_!.!!. ________ _ 

1·:. Medium griilined biotite forms book.s Trace magnet.ite, qypaum on 
·Ill II QUARTZ DlORITE. 1 textU:E" 2-41D11l dillDieter. Minor fro.cture faces. 0\lorite 
1 ·h throughout. Rock i.s chlorite and epidote (t epidote) com.on. 

~ _ .. f.~.i,~,lJl __ t_;-_1,9.;_Uf~U5t ___ -·. ···--- --+----·---- --·-----------~ 
h· ~~l2~216 DACITE dyke containing Epidote thinly c:04t• 
-~~ exte.nsiV'IIi chlorite after ~s~ic tacea. 
pb: ;~ intruded and by 

I .: 121~~~:0 QUARTZ DIORITit. 
.. 12l!r-236 P1u:plo""9rey porphyritic i< .. ~~I~. dyke. Siqhly fractured 

It- ~p to ~ -::.;:t.r. Dyke 
conta.in• numerous .-.11 
incluuions. 

Rock is sheared locally, 
contains lllicrdveina with 
chlorite. 

throughout; 
near fractures and 
Epidote comnon 
and bo<dorinq ..tico n .. r 

Chlorite J.a CCD:IIQrf) on 
fractur• fac••· sc.. ai.nor • 

in IJCCIIe fracturea. 

-----------------l::-::~":-c-:-c:-c:----:-=-:cc:·.t---~-~-----1 
Mild kaolinization at 250-251 

Clay 
aro=d 
with shears and broken zone! 

~~ Quar-tz diorite becomes more 
:""';. int<:~ct;al~;erat.l-on intensity is 
" !>lightly decreased. 
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95 

1-,,, 1-"-' 
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95 

17 

r-3··­
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380 
380 --

95 r··· 
.llO -- ----

390 I 1--

~------. 
400 

95 
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"' 
410 ~"' 

3 

420 
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DRWNG LOG 

95 3 

-- -

440 

440 
~ .. , 

95 c-
1-- 48 

450 1- --
I 

1-m. 
1 460 1- Z9 

c-.-,,. 
<70 

30 

r-
480 

25 0 

r-­
l-.,~,-;_o-i-'4.,9.0•otl-,,-

r--
500 65 

·b 

•TD 

Gypsum coats most fracture 
surfaces, 

--~ 

__ . __ . _ 1. Gyps~ ~n~ ep;i9C>t_e_ ~.iAl_ =----
at 10• to c:.ll.. 

'~ 
DACITE dykes.-~~- shattered, 
or ahe.u-ed QUARTZ DIORITE. 
Dykes are qenerally 
and contain ext.on•ive 

=~ _ tAtfll.a._ . .Qu.al:u .ll.i.QrJ.t.a ,..ia, 
, __ 

~· 
intenMly altered. 

--~ Fractured QUARTZ 

·•II DIO~TE.Mecli1.111. qrained t.ex~ure 

. '· 1q~=~ coarse biot;~ 

~~ 
DACITE dyke intruded at head-
wall by 0AtttTE(7) b~::eccia. 

<-~ I400-4U QUARTZ DIORITE is_ ~er-
?~ly fractur~, 

-~ DACITE dyke. 1414-470 QUARTZ DIORITE. 
-_ ~~ 

m4fics and 
Secondary biotite 

. -

--~-------

More prominent fractures 
contain epidote flooding 
with minor ~~tite 

envdopas. Second4ry biotitt 
persiets. 

Secondary biotite is cOlliiiOn; 
epidote,chlorite are_ &~~e. 

after hornblende is 
preda:Rina.nt. 

HCt.E SH9'/EI.NQSB U 

GEOC 

Gypsum, chlor 1 te, lllinor 
tlay-ur-frat:tureJ>~--~ --

healed with ~alcite, 
Chlorite iB ~n on 
fractures, when preaant. 

------, 

Gyp- coats frllcturelil 
throughout. 

dyke fracturas. 

GypSI.III. present on .fracture 
f(l.ces. 

7 

··F."- 1414-470 QliARTZ DIORITE. Medium Secondary biotite throuqhout, Gypsu. present throughout 
1/.... 9rlll.ned texture i• coneilltent on fracturea. 
[II_ throughout. 
1'\:: 425-440 ~diorite becomes rh present 

-1-P- · b;.;..n h-W 
.pt ,, lllt.ered. ~~~~g _in clays near base 
1 "' ;; of broken zone. SOllie pink 
~~ -~ k-fel4.wva;t is present. 

1'-" 

...-ii tock_ ~comes broken; near 

:~~~ pz-esent. 

;~ MaE~::~;~::~i:~urve~s 
+t-t+H-11 trt IN;::;.~.I7c~465-.;,,,,;;"~;,, ;.~,~te~,ed~~·~n~d·~::rl"":o~-"'!':"'::;""~-;~:~;!;~·~~~4.-,~o~-;;4::·~5~P~,;.;"~'P~'~"'~te~·~=;·:=:j ;_-,;,j severely sheaJ:ed DACITE. Where has occurred within obscure because of broken 

present, int..dct rock contains matrix. nature of rock. Clay is 
N '\ fine grained biotite and present alonq entire 

.. !; cryptocrystalline matrix. 
·~ ~ Fragments of quartz diorite 
~ 1-)mm diameter occur through-

liT 48~~~9~o:rising !~50,. O!lART7. 

485-502 Madium to coarse 
grained feld.spars are_ almos1 
entirely ka.olinized. 

485-500 Cla.y is present with 
minor gypsum on fracture/ 
shear facea. 
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FROM TO •;,. ROD DRILLING CQND-i!f!ll/.P/)) / JJ7liJ. c'.IJ ..:;::; LITHOLOGY STRUCTURE 

HOLE SHOVELNOSE Ul 
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500-515.5 Minor clay and 
gypsum present on fractur• 
faces. 

500 ~ IPI ,, 1\ 496-515.5 Purple-dark grey HETA-
,---- ~ QUARTZ OlORITE. Weak fOllaLlOfl 502-515.5 Weak to moderate 

510 

1-

85 

. _;l_O f--
90 

0 

515.5 Hole is 
+---f-,---flost (cements: 

rods inl. 

II:::. 
'l 

" H.:;, 
~ 11 

is imparted by aligned biotite 
hornblende. Rock is competent 
tho\lgh still shat_tered.Cryst.l~ 
outlines are hazy suggesting 
moderate re-crystallization. 

argillic alteration (with 
weal( propylitic?J is 
ObfiCUfed _by la_te_r z:ecrys't;-al_ 
lization. 
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progress. 
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foliated, biotite- QUARTZ 
DIORITE, 20'- qu~U, 
60\ fe:?spar, 20' mafics -

blebs and ~~ of 

di51Deter. 
49.5-50 Small dacite dyke. 
60-SO. 5 Medium-~~~, ... ~~=~lende 

feldspar . • UAL'J.'n;. 

bla..des-'to lc:m tenqth. Upper 
contact broken • 

HOLE 

30-JS Moder~tte-high argillic 
alteration, moderate 
propyl1tic alteration. 

alteration of or~q~:;,l 
mafic minera.ls, tr4ce 
.u-qillic. 

60-BO. 5 Secondary biotih 
blebs pervoJ.sive. Trace 

pervasive . 

SHEET 1 . OF. 19 

35-41 Clay-ca.rbonate precipi-

141-47 Cloy precipitate (buff 
coloured) 

1!~-:~~ Cle4fl _f~a~.~~· eurt.oc1 

precipitate on llll 

160-60.5 Hematite pervasive 
core. Cla.y 

JDOat frilcturea • .SC:U.e vein• 
epidote to 2Jia thick. 

fA' I DRILL LOG SHEET "" " SHEET ' " 

180.5-126 ~ 80.5-126 V~riably •11 
:';;:~;1 

jso.S-126 Bands of biotite in 
QUARTZ DIORITE. Core nwlfics 8atwt placo• to Scm thick, 
improves with depth. lie illteration cruaty yellow aineral with 
95-103 Zone perllltlated with Removes only aamJ.llary texture c04t• 

ated with zones of fine~;~c~; clay. Second.u;-;;-.i;t.it~ {dolOillite?). Kiner quoU"tz 
and stockwork of unknown dark fairly fresh with-;~;;;: veining. Pervasive hematite 
mineral (psilomane?) and 'hem- outlines; Alteration in small bleb11 and on 
atite. Broken core through decreases below 115m. fra.ctures. 

ISo~ opido'<>, minor cloy 
preci.pit.a.te on most 

126-131 Dark grey hornblende, 
porphyry ANDESITE-fin~-~~~inec 

126-131 Quite fresh. 1;1.26-131 Mild carbona.te 
. ·~~~ clayey 

fizz i 

mar~ 

hairline fr=~~es. groundmass. Breaks along very 

fine hairline fractur~s~10,RITI .7cm section of QUARTZ 
at 128.Sm. 

131-146 Medium qrained QUARTZ 131-146 Trace pervasive J131-l46 Green to buff ':layey 
DIORITE, upper contact at 45" argillic, moderate propyl!~ precipitate on most 
to c.a. Lower contact broken. ic (chloritization of no fizz, possible MoO on .pial 

Ho~~eneous with poorly deve- original maficS). Secondary fractures. Trace 

lOcm section of cemented,med- fresh. 
. ium-grained volcanic breccia 

114~,1~~2~ ~~.: ·" ""'•·7 1146-!60 "o "bible 146-160 Green to bu~ffli~~ on 
" no 
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DRILLING coo ff)/1/J/)/it:~~u GEOLOGIC COG 

FROM 00 ., 
"' ORILUNG COND ~if:/Ji:J I/!Jlli~l~'i' ::;'c;~ LITHOLOGY STRUCTURE ALTERATION PRECIPITATES 

150 1o0 >\ With consid!.lrabl.e 9econdary pseudomorphs of (chlorlte?l Hematite st11in pervdsive '" 0 bl.otite--upper .od lower con- clay--secondacy biotite tho cor<e. Very thlo quartz 

" ._; tacts broken--possible \o/eak slightly altered. FeldSNI" veneE!r 09 some fract.Unls, 
foliation in biotites. Dark quite fresh. 

~ ~ "1Go- --- - - ~.2_ grey lo colour. - ~ - ----- - - -- -. ---- . -- - -- ~ -~ ----
160 170 

,, 160-16) QUARTZ DIORITE: 160-163 " above. 160-16) As above. 

" .I 163-165 Volcanic-basement brecci 163-165 Matrix moderately 
15 ~ clasts Co 4cm diameter.General altered to clay. 

. \\ ~ ly angular and of Vdrious 
lQ.9_ 

---------~-- - - -~~ __ c~itioJl~ -------~- ---- ----------------- ·------- --------------- - ------- -
170 190 1- \\ 165-199 Medium grained QUARTZ 165-199 Moderate pervasive 165-199 Periodic epidote vein 

50 • OlDRlTE. variably foliated propylitic alter4tion of and dissemin.,ted. Vocy hno 
90 

.. 
1"-;:. (\o/eilkl . Periodic thin,breccia ori<;~inal mafics. New biotit disseminated pyrite. ,, 

filled dykes of li<;~ht "':~ " fresh. Moderate ar9illic 
; '". " --" ______qt:e.y...JW.lca.n.ic..s.....l.lp...i.a._lcm. - .:~lteratloc h:Olll J 65-169!11.~--

180 190 --10.-- ~ - ~ ......... ~ Broken in ·~ 
:r;ones. r:;~~e ma;ne~it'e- throu9hout. ~ 

95 Sl. -- •• 182-182.5 Grey ha.:r;y volcanic Buff-green clay precipitate 

--- ~II dyke. Probable ddcite as per on most frdctures. "''" --·- --&~ 146--160m. ~neens of silica on ·~ -- ~~~--

190 200 :u;_: - ~ - .. ~ ..... '{___ 
,_ fractures coated with 

- - ~ - -'- black precipitate, very fin 
95 

~ 
grained JM.fic ai.nce chlori--- . ---

-. "~ 'll tized or Mn oxide-hardnoaa 
---

200 210 -- ~ -. ~ 2. 99-213.5 Fine grained, madi~ 199-213.5 Possible trace prop- 199-213.5 lti.nor cloy-carbonat 

95 ~2, I;L 
grey volcanic dyke. Visible ylitic dlt.eratJ.on, IIIO!itly _precipitate on 1110111t fractur • 

. " hornblende needles and blotchy quite freah looking. MOdere.te -· carbonate veining near 

- - .. .. - - ~-
fino vhite feldspar cry11ta.ls. l~-r<;~illic alte;ation in places Q~?ken zone•, """' .. ,..,... 

210 220 ;u:-
~-:~ 

•t 70" to c.a. 

85 J .• ~ - - 13.5-228 QUAR'1'Z dzoRITE as in 213.5-228 As p& 165-169' .T:rac 213.5-228 As per 165-169'. 
~~ - . - -~ 

165-169111. -11 volcdnic dykes of sericite? very fine flashy Trace heJM.tite oUin locall 

~a: 
- • --11- frequent, 1cm-10'>*1 thick. crystal face~:~ on -4ltered =="" ·- fractu.ree • 

- ~ -- -- . ~~~ ~-----;:-~-;;~~-~-·~~- 45" 
--------

. 220 230 -- to c.;,. 

85 -- - ~--:; 

226-- --···· : ~ ;.i 
28-237 Feldspa.r porphyry DACITE. 228-237 ~latively fresh excep 226-237 Epidota,chlorite,Hn 

----- ... - ~ - Very broken dyke. Hedilllll graine chloritized mafic ~inerals oxides on- most fracture e. 

NEVIN SAOLIEA-IIROWN D LTtl. f;JJJI//Jijj_ I DRILL LOG SHEET ., 
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~ ' ~ I 

230 240 

'- l~v 
with nearly weath- inoludiru;r the corea ot Some siliceoua veininq. 

85 ore<l ;~ ~;iginl ~~oecond.uy biotite. All core 

~j:,: 
biotite? appears somewhat Generally epidote. ~ 

~ ~. ' ;; of 
lized with small bands and g-reen to buff clay preaent 

240 250 hi: ~~~ 
1237-360 Homogeneous QUARtZ _OIDRl f'E silicification. M>Ounts. i.e. periodic 

90 Va.riable frdcture intensity bl red hue throughout fabric epidote veins, clay on most 

1--- gener;,lly quite competent~ of the core. fractures. Also per~!~ecc: 

b;;~"' I• Homogeneous medium grained 237-260 Generally modera~: small veins ,and lllicro 

250 260 1,," biotite as the predominant original mafic10. Trace dark mineral. SOllie Hn oxide~ 
90 1---- mafic mineral. argillic alter;,tion of and also periodic magnetite. 

~ ··~ 
feldspars. LOcal silicifi- and hematite. Scme quartz 

j;, " cation and sericite on llldUY associated \o/ith epidote but 

260 270 
~263: 1,:, o.uociated with epidote. SDQie fro.ctures. 

95 
1--

k' 1--;; 
270 280 1- .,., .. _~,.,Core 95 ~,,, 

ill moder;,tely broke ·.a..: somew-hat higher level 

jll-, throughout this zone. of e.rgillic alterdtion 

1--- accompanies broken zone. 

280 290 1- I-" 
90 bn: I"" 

... I~; 

'" JOO f29J· v 90 

I\\ I 
300 310 I" ,; 1& 

90 I• 
I,," 
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llO 320 lll '' II 
~ 

95 
57 

II '' 
---- - --- - - --- " 320 JJO II 326-360 Genel"ally less competent 326-353 Minor silicification 326-353 Quartz-epidote veins 

95 " core with places hiiV.1.fl9 • arounCI small quartz-~;~p.j.dote here ond there. S=• t..race 
326_ ,, darker hue, so~ zones comp- veins. of carbonate associated witi 

II letely bt:oken. clay precipitate. Hoe 
= ---- --- - -- --- ----- .. --- -- --- ------ --- -- ---- __ cs;,~n_._ - ------------

JJO 340 ,, ' 90 ll 

ll 
, II ,, . 

IJ40 ---- ----f~ -~----- -- -- ~----- ------ ------------- ------- -----~----·- ------------ ----------------·---
350 . 1\_ 

60 f-344 
,, 

FrOID ilbout . --
f-z• 350o-540!Q very -~ 

h 1 oclcy____d.d..l.l: -~ ----~ -- -.-----~~--
350 360 

~<:: 
ing with - :; 60 conaequent -- 353-360 No fabric rii!UQAining- 353-360 Intt~.na111 altaration 

f----- poor core -- ... • cruJIIl;llea in box. of felds~ra and mafics. 

t--;;- recovery. tr" 
-•n --

360 370 

r->o~ 
-~ 36G--363.5 Hedilllll grey aphAnitic 360-361.5 Highly argillically 360-363.5 Some carbonAUI ond 

95 ANDESITE • Altered. quartz veins. Minor clay 

f----- - ..... 360-361.5 Volcanic breccia.Opper 361.5-363.5 Fairly fresh on most fractures. n . 
--- .. ,. .-- contact 45~ to c.a. Lower minor propylitic. 

-- r-----~-- contact mc15tly broken 

370 360 -- Thin aection ·~<>. 363.5-381 QUAR"'"Z biORITE becomin 377-381 Minor propylitic 77-381 Minor co.rbonate-clay 

90 -45-- at 372'. . ,.-,, .incraas1ngly br _ken with depth minor argillic-trace precipitate on moat fr•ctur• 

-- -~ shattered and veined for last sericite. Clay appears cbloritic ond 

. ·- 3" ov~ though->Core relatively ia generally green &B oppose 
-- f--------- - - II 

360 390 

·~ 
381-387 Kixed QUARTZ DIORITE 381-387 Minor to moderate Jtll-387 Clay-carbonate precipi 

pa6... and hornblende-feldspar-porphy fy propylitic anCI argillic tate on hairline and larger 
so - - c- DACITE. Varioua steeply dippin alteration eapecially rutar fractures thx;oughout core. 

-- . - - k contact relationahipa. contacts. 

' ••••• GOODBRAND LTD. iJiiiii/J/Ijj//J.#lj_ ~•un"n DRILL LOG SHEET H~E :i:!I~QS2: 
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" I ROO I 
1 390 1400 I> 1 307-403 307-405 Nino< dt- 38!:4:8~u:!a~~~. 

70 1- ?_ 
porphyry DACITE. Very broken-- eration of feldspar pheno-

I -." 
rubble in places. c:rysts. lP carlxmate. 

f-- -
1400 1410 

1::;;.::- ,Y.. 1 403-405 Finer grained v~r~~on oJ 
DACITE. Ragg111d contact -(l~~~J 

90 r:.ill k 
at "-45" to c.a. . 

1- ,. 40!:!~~~~~~n ~~:T~i~~~~ 405-409 Minor argillic Buff clay on most 
ation. Mo•t -fico aro 

1410 1 "o 22 "' of 

-~ 
geneous ~exture re~ated to tlH to 
disturbed nature of the rock. ; 409-413. Moderate <lrgillic 409-413 Buff clay precipitate 

" -·-- pf blO:k' 409-41) DACITE-QUARTZ DIORITE alteration of brecci~ clay. on fractures--post breccia 
Bracci&. w.ith volc=ic Jlllltrix, matrix leaving a dark alter&t.ion. No carbon&te. 
dark oro• ·~ ohoor• u 413-423 Kino< 13-423 Buff '"' on 

recovery - about 30~ to c.a. &lteration. rare th:ln bl&ck vei.nlets 

·--- ~f core. . -- 413 423 QUARTZ DIORITE typical (Mn07). 

c---· - -- appearance--reasonably compe-

I " -- tent despite only 20' core 

420 <30 1-: 423-435.~ ~~?~:~ brokon ond 
a~teration tnrouqh 

1423-<35.5 Mino< b•ff cloy 

10 
altered QUARTZ DIORITE. argillic precipitAte on 
Pri$4rily rubble with minor out. 

f~ii,: I'> ~~~~~y" altered d~~ . vol-

430 440 
- .: ~ 

,!o~i~~~-locally. 
'>- d 11'1 M:inor buff clay .. 435.5-4)6 Dacite-QUARTZ DIORITE 435.5.-438 Moderate 

60 --- Brecc1a. Volcanic matriX. argillic alteration. 

~ 436-455 Broken and foliated 436-455 H~nor-UlOd:~ate' ~~~~=- 438-455 Substantial clay pre--., .. ou..,-z on oU 
440 

1 "' 1~: 
c01nposition with well devel- Minor No 
oped secondary . Fol.ia· of mafics to chlorite. 

BO 0 I• ,, tion moderately well 
at 60~ to c. a. Highly broken ... J.n ol•c., . . - n;-;_,; ;oction 450 460 

:~ 
~- 455-503_!'ighly' b<okoo •tio~ ~:"::~ ;.,rl, • alt«· 

455•503 Buff oloy on ~" 
at 486'. 

· eo .:,~:;~~~re _appearance 
lined. 'itl>Mn~;:~~-60 [m 

;~ 
of 

"" Lo"l ":::~::~~= I !f- . rock . 
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460 470 ,, = Mod2rately d2veloped foliatio pink tinge Co core. 

• at '\..45° Co c.<!.. Rock " very 
40 ~ ,, broken throughout. Upper ond 

• lower contacts core brecciate 

··-- --- - ---- -- ·-
,, for about }_~e_e~. with chlor~.t -- . - . -I ---···-· • 4io- 480 

" ' 
altered matrix, 

I• ' 10 

" 
-,, 

---- -- - - - - - -- _ _. ----- - ,, -
-· --- -----

480 490 . ";:;II 
6 ,, 

•o . ~ • 
~ 

490 
---r- -----·----- - _..,. 

-- --------~-------- -·---~------------ ----~ -------~------~----

sao .. 
- -II 

70 
~ 

,, ... 
_,<;_ 

~\ 499-500 Breccia contact with 
-- -- ---,;azke:t volcanic --prcbab 

500 510 
0:~ 

- -~ later phase of some andesite. 
- \\ .. ~e..ra.lly freaher. 

90 

I=~ 
. - - 503-510 Broken QUARTZ DIORITE 503-510 Hinm: arqillic a.lter- 503-510 Buff day--HnO. trace 

- -~-
highly foliated in places. at1on, t.ra.ce propylitic epidor.. Oh fracture&. 

510 520 
r--~ t>·- 51D-540 Series of andeaitic ao~.orae:ton:. 

1--- -

-·~ 
intru•ive dykes of at least 510-540 Trace pervasive 510-540 But"f cby frequently 

90 two •ta.ges. Clasts of hiqhly propy li tic • carbonate• a.re present on fractuzes.su.& 

~_: foliated QUART'L DIORITE are, presen,t .1n core -trix. MnO. Epidote vei.ninq here - v-
·- resent between 522 and 525 iUld theF_~;. Nea.r ly a.lwav•..........., 

520 530 -- ··ts€ Da.rker hornblende andesite on sub-horizontal fractures, 

-- between 527-529' . contacts Carbona~ veininq b pzeMil 
90 - ... ·-- /:> 

Where visible are about to ..... 
45-60• to c.a.~ SOU. zones are 

-~- . - --., hiahb ------- - broken. 
530 540 -

. 

.. :~~ 
90 . .JS-:- -- -l> 

-'-' kb " 
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540 550 - . - .. • = 540-S49 Mod6rately c0111petent 540-549 Trace arqillic =• 54Q-549 .t..ocal tntenH clay 

" 
·.~ . QUARTZ DIORITl! vith minor minor propylitic alteration precipitate. LocAl carbona 

95 --- -- • IUldesite stringars. throughout. Higher intenait precipitate. """" ser.ici""bcl --. 549-561 Moderately competent near dykes (sericitic). near dykes. SC:Ge Mno. -- - ··~ 54·9-
-- -- hornblende ANDESITE distinct 549-561 ~tJL.!:~_f?.h_!ocd~- ~§l Jal!4.9.~..c.i.ll)...na..___ 

550 560 ---- ' - - - v::: frcQS"l0-5401 in tha.t less re- Plinor argillic alteration saue buff clAy. Scme 

95 r- -- - ·- - -v cry.atallized with distinc"t (2-JIID.) nea.r epidote vain- carbonate veins to-· 

1-u-- - -- --·· hornblende needle&. No folia- leta. 

-~ - ·;~- tion. Lower contact JOQ to c.a 

560 510 56L . - .!='? 561-672QUARTZDIOJU1'E with ··- fs-61-672 Trace argillic a.it--;;:- 561-672 Clay-carbonate presen 
95 ,, -

larye pe:r:va.sive secondary ation perva.JiliVe. Local clay oilS precipitate on fractures --<> 
. .?1. biotite. carbomr.te o~~.lteration •-r Epidote veins =· frequent ... ,,-
-- --~ epidote vein. in various orientations. 

..5ma ... bio.t.Ue ln fractm:: 
570 580 till= ¢: Poorly developed foliation of Clcsy-cacbonate fracture 

---- -
_.._ random orientation. Reasonably coa.tings coumonly ollCCOUipCUli d 

95 46- ~~~- competent with fracture o~~.ngles by chlorite. 
~---

.. a.l1 generally .at moderate angles 

------- - ~ _.tQ...~l·r 1( al ' ,f 
SBO 590 ---- --<;-- quartz-epidote veining • 

95 - - . -
e~ 

gnei.ss.lc texturo is developed 
585-615 Epidote flooding (see 59J'). -- . - . 

.; occurs along ~· 
veinlet!i .,,: - forming envelopeo 1-JCIII in 

~9-0 ' l! weild;;~-;:;;-;d- --~-··- WJ.dtfi. 600 l<~.rge second<~.ry 

95 ~- ~-- biotite crystals are prevalent 

---- -- .. .\\. , - h ~ 

\\jj 
---~--· -----· 

600 610 - - . 

95 
,,. section -~..;:; 

606- at 603'. • 
" -- -·-- --·--·-- ~ 

~~------ -~~-·-----~·-~-----------

610 620 ,, 
95 56 " ~ ,, 
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620 630 
95 623 

46 

63o-
Reduce to_ BQ 

-6JO 640 ~t-6_3_0 feet. 

95 55 

-- .. - ··- ---- §~9.:-
640 650 

95 0 

---'"-- -- -
650 '" 95 I 

----
-~--

660 670 1-
95 r---

1---

'~~ 
670 680 1---

---
95 r---

r---
680 690 ---

95 _ _4Q_ 

r---
f--- -----

690 700 --

95 ~95_ 
1--

NEVIN SADLIER- BROWN GOODBAANP LTO. 

DRILLING LOG 

FROM TO •• ROO DRILLING, COHO . 

700 no 

" ---
-"'--

710 720 

95 
~ 
-~--

720 730 .,-
95 

.. -

t-
730 740 ---G1-

95 i35----
---

740 750 -----
_!9_ 

95 

749 
750 760 

95 -;JS· 

--
----

760 770 .. 

95 - 47 
]67 

--- ---· -~-----
770 780 

95 

18 

- -
-
-

- -
·-

-
-- -

-

-
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:; 561-67, QUARTZ OlOR!'l'£ cont. 
II~ 

h 

HOLE SHOVI::LNOSE H~ 

GEOLOGIC LOG 
ALTERATION 

630-672 Weak to moderate 
propyli t1.c al teJ:"ation 
{minor chloritization of 
hornblende, o;ome feldspa.rs 
!Jiildly kaolinized) with 
trace ar<;~illic. 

SHEET ':! OF 19 

PfiECIPITATES 

•; ·-------------------1------ -----------------------
-IT 661 SCUI zone of buff clay wi tl 

- - ;. 2-3Clll quartz cryatA.la 
·-- :1.1§ iJIIbedded. 

..-: Iawer contact..lgJ::~:I.I\t!)«dLfuoor"-'c-+-------------f----------------j 
. ~ _ .. ~ lOcm with clay ~d Mno 1114trix. 

, V __ ~72-677 Hediwn grained hornblenO 672-677 Contact. exhibit 672-677 Ca.rbonllte veinlets 
_ _ S/ ~- feldspar ANDESITE dyke. strong (argillic?) alter- COPibOn throughout dykoJ 

_ -~ 677-688 QUARTZ DIORITE u per ~~on th~ugh_ .t:ea.ainder of generlllly accompanied .by 

HI-HI-#/~---------+-~"''v~•J•~"~''"'~----~~bof~f~~~~-----
677-745 Clay-ca.rbanllte 

: ~~~\ J fracture ,co4ting1 o.re COQllliQ 
4---- 686-691 ANDESITE aa Above. throughout QUARTZ DIORITE. 

1:.:::- Tra~ce ~~oericite a.nd KnO are 

• l>q q>_ __________ c-.:c:-c==-:c-c-+------·------+=''""""'"" ''"'" """tuu.._ 
ITTrt=,_,c_<J691-745 QUARTZ DIORITE fine to 

--"/ 

II_\\-
med~um grained. 2nd biotite 
present. ReilliOilably competent 
fractures at various angles, 

GRAPHIC LOG 
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GEOLOGIC LOG ~~ ~' !W i'* UTHOCOOT STRUCTURE ALTERATION PRECIPITATES 
, ... = Oriqinal rcrystal structure 700-710 Spotty stt:ong propy-

.. ~ very ha:~:y or non-ex:l.~;~tont. litio Altuation with mod-
- .. II_,, Foliation weakly devaloped And erate argillic .zones within 

-- -;.II at various angles ~atly quite perv&aive -u o..rgillic. 
_____._.ate.e.py: Q :1 pp j llg 

- .. -. - • . ,,. 
- - - . ---.--tl 715-745 Nume:wus epidote . - - - :-?---

fracture fillings 1-J~~a 
- \1 ,, thick. 

• ---- 1-::-c 

' 
72D-745 Pervasive p,;opylitlc 

- ,, - alte,;ation intem;ity in-
4 c,;eases to lllOderate with 

II-~ strong cb.lo,;itiza.tion of 
.. mafjcs -

- . - •-
---- - "_l\ 

735-745 Er,;dtic f,;actu.ring wi - • buff clay coatings occur-s - rr-v ~-ictlity of dyke. 
~--- -------- ------- -----~----- . -------------
-"-

-. .. = "-
. - ;,:;;: 745-746.5 Green-g,;ey meta-ANDE- 745-746.5 Strong epi.dote 745-746.5 Mino,; clay precipi-

- SITE--no original texture flooding in dyke. tated in erratic fntcturing ,, 
- -- ~~!ll:IJ!9 -'---------- ----~--::::::;-

~~ 
~,--.. -

746.5-869 MediUlll grained QUARTZ 746.5-777 Pervasive weak 746. 5-B50 Silica with clay 

- \l'l DIORITE.. Generally •• obovo propylitic alteration of selvage fillings 2-~111111 thic 
except displaying a more mafics to chlorite. Trace on fractures at 70" to c.a.. 

.11::. medium g,;ained texture espec- argillic alteration of 755-790 Ma.ssive ailica. fra.ctw 
___j.jl! !.Y .• .!.!LQ.i_o_!.j,_t&.._t,Qcally -feld ars. -fi 11J.llil.?_.l::J.£JlL.i.P_.'!fA.4t!:L__ __ 

- • veining produces a hazy, in- 775-850 Weak to moderate are common, some contain 

=' distinct grey texture or a argillic alteration occurs fra<pnents of QUARTZ DIORITE. 

- highly foliated gneissic tex- within halos surrounding 760-869 Whii:.e to buff clay ,, -::;. 
ture. Foliation " generally major (silica filled) coa.ts most fracture surface 

- -4k _ _:o_te_e!l-._bl!t...YM..i..g,Q_l&_____;\w!...P:QQtlL f):-d ~_9,p<,:§_~.f!.:_ f-~~r~l___l_y_'..2.U§Cf!.!...~,l,.t;!l_~ 

~ ~\ 
developed. Very c01npetent. generally 2-4cm though some carbonates an~ rarely, 
Fractures at: all angles includ reach 30cm w-idth. trace MnO or heiiidtite, =d 

11-;: iog subhorizont:al ood >ub- 777-745 ~f~~~a~o~~~~~eP~~~1i sericite. 

• vertical.Secondary biotite litic 
\\ 11 absent oc spars<'. ni:.:i.ltion of feldsPars. 
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PRECIPITATES 

-----------~-------~-------------

' ... "' :~ 1 ... 832 20cnl thick quencat!.d 
ANDESITE dyke. Contacts -"-> are 

Minimal change in alteration 
n"r dyke. 835-850 Thicker silica vein-

rag9ed. .-.: lets are tinged with pink 

-f-14-ptt+~HLptf"fi~"+----------------------~-------------------t--~'''~-.. ,.:~~a~,~~-•L_ __ ~ 
~.._ h_.tite?) 

5 845-860 Moden.te pervasive 

----- -------- __ -----+~p~r~~;P._Y~1 ;!t:~;,eti~o~•~·~Snpo~:~t;~·'+-____ ,.,_ ________ _ ., v--
;-• 
,, 

·~­
.~ 

GRAPHIC LOG 

felQapa.rs. 
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GEOLOGIC LOG ~ ~ -.Jtf. LITHOLOGY STRUCTURE ALTERATION PRECIPITATES ,, : 860-892 Freah to we.U perva- 860-880 Minor hematite -. dve propyliUc alteration ataininljl on .aom. tracturea. 

-- ... - .. 

\\--
with ..... trace argillic 

- - -- alteration. 

- -- =- t!§2=!UJ,S_ tin! ._<1_!-".!l.!l.~- h9rl!.:-_ 
-----~---

86~..i.2L.LC!.!L£~t.\ng:t___&!l!L_ 

" - "'""" 
blende ANDESITE poq~hyry- some veining on dyke. 

- - __ \\_ dyke. 871.5-892 Buff clay With 
-- ~-:- 871.5-892 QUARI'Z DIORITE as. minor carbonate coa.ts lDOlll"t 

. - .. -ll- iibove. fracture faces. 

' --

"' - "- :_; ,, 
'" --· ~-

892-898 Andesite porphyry as -in 8"92-8"93 stron9argrn:rcarter:: -wn=eg-:J-·c:rayilna caTCIU!----rn-

·~ 
- -- .. 869m. Meta QUARTZ DIORITE ation in brecciated head- shedred/brecciated headwall 

- clasts included. wall of dyke. of dyke. 

- - 893-910 Moderate pervasive 893-941 Buff clay coats most 

""" 
898-941 Medium grained QUARTZ propy_LLtic al teratic~.:_.~ fractures. 

-
DIORITE with uniform {though 900-941 Felo:lspars become 900:::-941 Sparse quditz velmo 

-- ~~ altered) crystals of horn- strongly kaolinizeQ wi.thin (2-4cm thick) contain ·-,. blenQe, biotite. Fracturing pa.tchy area.s of intense massive chlorite, tta.ce 

" 
is moderate to strong with ar91llic a.lteration. Thin .carbona tea. 

- -

"" 
_ __prOPinent joint sets at 30" sub-horizontal envelopes --

and 75o to c.a.. Locally weak exhib-it particularly strong 
--

!I foliation ,. imparted by argillic alteration. 

" aligrunent of hornblende, 91G-941 Pervasive moderate 915-925 Hematite staining -- -- , ...... 
trending 20-40° to c.a. to strong propylitic alt.er- a.ccompanies clay on most -- - Texture of QUARTZ DIORITE =:: ation with chloriti~ation fracture faces. := -

-- . IL \'- becOmes hazy ~WithiildiStifi.Ct of Jnafics, ·- epidote 920~930-FiactUies in viCinity 
crystal boundaries in zones Hooding. of broken z~ne contain clay 

-
,, ;:.. of 11>0re intense alteration. coatings o. 5 tn l.5nm i.n 

thickness. Clays generally 
''II C?.~tain trace carbonates. 

- -
li _,, 

0 ,, 

11::. 
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970 980 

960 990 

990 1000 

1000 10l0 

95 

95 

95 

8 Thin section 
taken at 950' 

-965 

' " 
r--
r--

~~ 
:= 
:~lB .. Thin ooceion 

t.Ufll\ 4t 993' -----
·---· 

ll 
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..........-.: :141-952 Intensely a.ltered 1941-952 Dyke is intensely 
"".,; DII.CIT!i: dyke conti.linwg ka.olini;:.ed to chalky white. 

v ~ brecciated fragments of plu- Breccia fugments _are altere 
\~ ~~ ton1c and volcan1c rock to to kaolinite on runs though 
_,r Jcm diarnete:>:. W!Jere present cent:r~s _ar'" relatively 

_ ' dyke rock contains small por- fresh. 
~ phyritic hornblende blades to 1952-960 QUARTZ DIORITE is 
·•-:; lmm length within buff-grey strongly silicified making 
~'Ill cryptocrystalline groundmdss. igneous fabric ttazy. Some 

Dyke is _e~tremely friable, ';; _[X-:feldsp_ar) alteration I "l;? incD!IIpetent. Upper contact 1s · aCcomP4nies silicifi~.itiC:,:~·-
1.-_ ~1 ragged, lndistinct; footwall along fractures. 

f{_,..; is entirely fractured, Intense cohh>""'"'·"~•"''"l 
I,'!-_- relation:> destroyed. ~d flooding alona 

_ li-1.. [ 952 ... 91?0 Medit,UU _t<?. fl!_l~_gr~~!_!ed shear~. Epidote ve~l~~~-- .. 
QUARTZ DIORlTE. Original t. 

.. '-' texture is hazy due to strong _ 
" altera.tion. Fracturing i5 ,.11 

moderate 

~~"-' f.Wric.with r;.mJ.y loc4l, we.U 
1- ..- fo1b.tion. 

'' 
941-952 Minol" hemaUte 

sta.1nlllg on some btt:cci<~ 

fra91"ents though kaolin.U.e 
~J;edomina tes. 

952-960 Some kaolinite and 
other clays on .fra.cture 
faces. Trace hematite 

_ 4Cc_ompanie;o _clay:_ _ __ _ 
960-970 Clay and carbonate 

coat ~st fracture faces. 
Trace htunatite and 
present. 

992-998 Sub-vertical 
contain 

Minor epidote 
flooc:tiru;J occur• alon9 
f.~:acture& 4nd in veinleta. 

~00: 
1010 1020 

1\\ ·II 992-998 Strong &ub-Vertical 

I ~~~~,~~--~~=~--------~~++:~-~+1~1 ~? fractur~~re;her OU~ ~ ·~n~~~~:~~~~~~~:~-~U~lAfu~·~~-----~~-----•1-1 --., DIORITE seconda.ry Alteration is ~patch)' 

Alteration bec0111es 
weak with fresh mafic& 4Jld 
feldspar. Some crystal a 
fringed with chlorite. 

--

95 --

100 

111 
:,, biotite to 5CIIl diameter,Weak and variable rang-ing from 

I~ foliation sub-pllrdllel to,~·" weilk propylitic to II>Oderate 
~~: 1012-1031 QU~ DIORITE .. e. propylitic: + argillic. 

I 

NEVIN SADUER-BROWN GOOOBRANO LTD. 

flf//;}1/i(//A 
iij DIAMOND DRILL LOG SHEET """ SHOVE+.NQSE " SHEET " OF l9 

ORWNG COO g 
' 1020 1 1010 

·~ f---
kOi!>' ·= .--'' ·----

lOlO 11040 r=::.: ~~ ~ 1031-1037 _ Q~~- DIORITE . QUARTZ Dl<><ITE b 1031 1037 Clay with some 
contains thin strongly altered by · carbonate coats fracture 

95 r--- ·~~ 
dacite(?) dykes parallel' <o grading towards intense surface11. He~~~a.tite 

f--- c_a. argillic by 1037'. SOme is stronger neilr 
J,Q:!U_9o;!ll __ !?~CITE BRECCIA, "' l040 I >U5U - _] N 1037-1050 QUARTZ DIORITE 

epidote MOderate to. in~~se 1037-1070 Epidote is flooded 

t---- becomes extensively sheared, throughout along micro-

I~-= 
strongly 4ltered. Original tion of mafics and kaolini- fractures. Cdrbonate ··-'"' texture is hazy indistinct. zation of feldspars. c~~cite), clay and minor 

11050 1060 ---- Highly altered 105G-1052 Dyke is altered to fractures, and coating rock 

95 - "'f dyke containl.l breccia frag- a fragmental, 111U1dy texture. fragments. 

iili.' ;~ 
menta to 2cm. Intense propylitic 1054-1073 Clay gouge 

1052-1070 QUARTZ DIORITE(?) " Original- tex~e substantial 

11060 1070 ---- t-:: brecciated. Large fr4gment~> ol silica flooding._ Wh<t~~. intac 

::::;;= ~-~ angular quartz are present rock is IDOderately 
throughout. Where clayey go~g~ 

------ -·- is absent, rock is 

1070 1080 :;; apart, erratic), l.1.v rv~J.' Shattered rock is 1070 1097 
lll73: 1070-1097 lnten11ely altered moderately to strongly ~ili- coatings present on f~actur 

95 

~o;;- I" J, 
QUARTZ DIORITE. No original cified. Epidote . ha~ faces. Bema.tite in 

. ,, fabric present. Quartz-presen• completely ri;:,h varying amoWJts though more 

weo 11090 1: ff 
Rock, green to salmon pink in salmon pink k-feldspar _ 

- -- colour, is highly sha.ttered 

!~, 
though healed by epidote and 
silica flooding. 

1090 ruoo 
I",, 95 Thin section 

Clay-carbonate vein! <okoo " l096' ~~~ 
109/-1104 Altered QUARTZ Strong propyll.tic 1096-115(, 

Remnant 1gneous textunl preser ' though deqree ot prescnr on most 
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1100 1110 

1110 1120 

1120 UJO 

1130 [1140 

1140 1150 

1150 1160 

Ub<J fll'" 

'"'" HUU 

NEVIN 

11180 11l90 

1190 [1200 

1200 fl210 

1210 112<0 

1220 1230 

[1230 l'40 

11<40 Jl<SO 

1250 ll260 

"' '~" ~ 
' ' 

-

95 

---

95 

95 

95 

95 

Prom_ :100' 
to T.P. 
-blocky dril-
ling and 

--- ~.;..,,-
-drilling '" 6 Jrd gear. 

,1111-
>-- - ~ -- --------

2 

,.----
: -- l'tlin section 

at 1135' 
~~-'" 

!-
'----

;:::>_Q: 

__:_:-_:: 

r,;: 

i! 
'--

-~!_ 

1---

LTD. 

' ; COND. 

-

fu~;, 
•oct ion 

h;~ though . are -~a:;~.:.~~,~ J.s cecluced. (especially sub-verticAl 
~ 1104-1105 ":~_;;~;· BREC~~;,u ... ~ .. ._ is Set)· _" "'""_" b 1 :;:;;:;':~ r' 104-1105 Extensive MilO(?) -" with QUARTZ DIORITE and I.... hr .. ,..-; 
~"' silicified volcanic fragments Patchy . forrns groundmass for ------

-
11
-.o, Rock is very-frll!lble·. .41-ternat:.e.s. L.intanse.~?~ Lr~. - ---

1 

," xhib pylitic •;:~:~:•i:~·~:,;:,~~:::if .-:: 1105-1124 QUARTZ DIORITE texture visible in 

:
:\1" vax:iable, patchy zones though destroyed in 
". _ Though otherwise 

1 ,~~·,;-ll--,•:,"'::'o':"::':,::~::;':~~:':":'~ ;t<•,oc<oureinq strongly silit:ified zones. 
\\~I u

24
_
1156 

QUARTZ Dl;~TE is if.~lds~;~izedJ ~~velo~~; -~ ---

:, .U:.s~tnt in ailicified :tones. impart a mottled ul.Jnon _::~--~
} intensely altered, texture is around larger fractures ni"" 

v ;;_ sh and fractw::ing is colour to the c;~retmish ~"'""· 
1~tf1 ,,,~,j-! •-=~~,~.-~'c,::~~'~;,;:~~ ~.:'_~~;:,r,~.i-·--1----- --------- --- -------- -~-ii3_o_:dfi014:•'''.i',-or_mn_:0•0•t0t:00e'd•,--'-o"n"·'-"'.'~-;;o·i\ ?.;;N_ •'' gouqe-filled joints and ... , ~ ... ... ...,. .... , 

·~ ·~ extensive microfracturinq. kaolini~ with carbonat.. 

·~~ 

'llttn::."·~~ "'~ • \-HII-\1~·-· • ': 1156-1199 Intensely altared 
: ~ A QUARTZ orcm:.:k becOlllell more 

. 1 ~ fr.~U:turinq i111 weak to 

- DRILL LOG SHEET 

::: ' 

': 
u~::s ~~t~l~!r'::n with 

QUARTZDIORI'l'Eh 
sUicifieQ, . o~er 

alteration. small_~:chea 
of salmon pink k-feldsp.ar 
replacement is apparent in 
envelopes ~rurroundinq older 

fractures are ~=~~:- coate( 
with clay and carbonates. 

" " SHEET 16 ~ 19 

k feldspa:r 
5

~~ng are 
w>tn 

lllinor t:lay is for111ed on 

1'·: r---- pxen at 1193' igneous texture present overprinted by liiOderate fractw::es and infills 

(though e:~~~~. ~0~:. : 1 ~:=~· r-- ~~licifi~:~ion (though degn dilated, sub-vertical .. ~~~~ 
•~rfacao. n_U,..; 

-- I• ~ atlon. 'is 
S-lOG 

with depth). 1< otxong ~ =« 

1~ 
with a prODlinent set at zones. 

,,,§ to c.a. Numerous thin quartz 
stringers and deformed quartz 

~-

1.- vein• 
----- In~ 
_lQ - >= 1217-1251.5 QUARTZ DIORITE. .5 Moderate to stronr; 

~'\: ~~~~t~1 ~~a.cturing i5. ~~rati, vl Ti< altera.tion -

-m 
J..!:;,, h" ri1 

luiJ: "" rock aro h•~c·~ by opidote- !:;1il~~~c~~i::erate present ~~ H~;~;:~~ faceli. 
- > ·-

quartz flooding. 

~· 
(feldspars are k4oliniZed). Loc11lly, trace hema.ti~. 

r- -- Envelopes 1-Jcm thick of Clays are sparse to absent. 
int: m illi< aul: '"' contaJ •ill 

~1~ .~ 
SOUle fra.ctures. and epidote. ~=~o;~_is 
is absent and feldspathiza- flooded into 50Pie 

tion is sparse and weak r---
~-. where present. I -

1- - 1-$1\ 
-

!t'c 
11<47· ~~~ -----

~ 
l25l.J Grey -~r~·~ fine- ~~ric~!~!e~::d1~s s~ongly 

· Minor · 

J) grained ANDESITE are present on fractures. 
0 

Jl 
. relations are destroyed in chloritized. Epidote is flooded into 

12~~~~~~~~ zones. QUARTZ 
1255-1260 Stronq hematite hairline fractures. ',, '""-'"' 
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' ' ' 
1260 1270 fm~ !::~ 

DIORITE footwdll. Numerous argillic (and moderate thin coatings on fracture 
erratlc fractures. propylitic) alteration. fQ.ces. on more dilated 

1260-1395 Medium-grained, dark )1260-1378 Alteration is per~ fractures, 
I•" grey-green QUARTZ OlORITE. vasive moderate propylitic calcite is present. Trace: -,,,, " "- """" I;~ 

Gr<;~ins ti)o_ugl'l hazy, are _wJ,t,h_ va,ridPle, patchy __ Cl4)'S may ACCOIIlPMY 
12.80 

59 

I~ 
unifocm size. Folilltion, wh~; argillic. Control on~ ~~;ia~- carbonates. 

95 present, is weak and erratiC. bility of argilhc 
1=, Fracturing is light to intensity is Epidot 

·~: 
~derate with one distinct flooding is collliiiOn ~lon9, 

1280- 1-1290 --------- -" jQ.l,n_t e.et_l!!t; ~o· ~o c.J;I.,_. f-- h<~oi.rl,in~ _f!:ilctures_ . ---- - --- -- -~ --·-----
Rock. is intact, particularlY larly evident in zones of 

·~. in silicified zones. lesser .arqillic alteration) 

[m•· ~: 
l-i290 11300 

------ t•;, ""--"--" - -- ----- ------. ----
t-- . 

95 ~ioO: 

It 
1?;, 

r-
1300 1310 

~"· :11 
f--- ' r---- ' < :' 

1310 1320 f--- ' 
'~ 95 f=": 

r- ·~ ;. 
1320 i 1330 

~-= :J' J 

~~~: ;~ 1325-1378 Epidote is flooded 

'" 
through fractures though 

---1330 11340 C""- -
~~ 

. 

95 1-"-- 1335-1378 Minor ca.dxlnatea 

1--"'i 
with buff coloured clay 

.-~ coat fr.,cture surfaces. 

<EVIN : ROO -o~RAHO LTD. /< fl1 m~~~~ljj_~Jfj_~~DIAMOND DRILL LOG SHEET 
HOLE SHCNELNOSE j2 SHEET 18 l9 

ll\10 1350 1tr ' . ; ~: 
~-=~~-~---+r~~~'" ___ JII I+· +i+ .. ,,-?.~j---------+-------------~----~---1 

1350 1360 --~~-
95 [us<-

1 "-
.. 

1360 1370 

iJG.:i":Ili.in section 
1- 1364' 

1370 1360 ---
95 :::::0:: 

--

lJBO 1390 
:U83= 

~~c+cccc+---r--1-------ll : ~~~~----------"--------t~~~~~I~n~te~n;•;•;•~r~
9

~i~l~l-~i·~'·~·-=1·-~'-'~'~·~-~l~3~B;5;B~..a~~'~'~te~~..,~~·~L>~i~o'i• 
1 

! ., and minor ------ are prese~~' in ""inlet$ 

l fUll1l811:1~;~1 Moderate pervasive carbonD,teS ttre present ou 
~~~,... propylitic alteration fracture faces. 

·~···· 11390 1400 

~"" 95 I . 
i" 

1400 1410 
" 

HO': 

95 

Ill 

I .:
1 

throughout. Epido~ and llA~-1·,-~,~or carbonates, 
I_·· 1: chlorite are most common ·_;::-:"'_and trllCe 

~~ 1395-1396 ANDESITE dyke fed 
1\ t"r\-f"\-1~, ~~ from below. 

HH+.-"'"I"l'-'396-1404 QUARTZ DIORITE as aho•le,-
.. ~~~~ 1404 1405 ANDESITE dyke at lOQ 

l!....!. to c. a. Probably a tongue 
. ~ frOlll larger dyke below. 

through rock. Argillic 
~tlteration occurs in broad 
zones. 

Dyke is fresh thoug~ 
epidote flooding occurs 
along frttctures paralleling 

fracture faces. 

1404-1405 Minor epidote in 
fractures. 

~ '' 1405-1~;~ ~UARTZ DIORITE.Hedium 

1-f fofi"lct-~Ci-c·f"C'·rri .1--"qu'''.''r<~'."diorita is competent, 
,. ~ intact. 

contact. OUAR'l'Z OH RT'l'E I' 

moderately chloritized and 
argillized. 

,-
" " 
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95 
472" 
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-
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~ 
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F-al<en at 1498' 

1_4. frotal depth 
1500'. 
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ALTERATION 

~ 'Q h-.1420-1425 Dark green aphanitic 1420-1425 Dyke is moderately 
<I 1..., ANDESITE dyke. Upper and lowe chlorit.ized. Epidote is 

ri- contacts at 30~ to c.<l..; both flooded along closely spaced 
~ <li"I:l smooth. fractures sub-parallel to 

t> q 1425-1428 QUARTZ DlORlTE. c.a. H- 1428-1431 ANDESITE· <t:1 above. 142Ei-Y431 Dyke altered a:o abo 
\\¥ 1431-1.442 QUARTZ DIORITE. Alter 1431-1442 QUARTZ DIORITE 

11.t:lon has rendered original exhibitll moderate to strong 
: ~ medtum-grained texture ha~y. argillic alteration over 

PRECIPITATES 

1420-1442 Microcrystalline 
carbonates ± clay coat 
fractures. Hematite stainin 
is associAted with epidote 
flooding. 

"II ~-t:aE"~~-t)-~9: _!_l!__~!:l~~~t_e_! <:=E£1:1~!,_ ~ p~ya~.l;,v_~- ~e_r~~~£~ttlJ..;i _. 
,;;: ~ 1 No ch.!lllge in Alteration At 
~ 1442-1445 Altered ANDESITE dyke cont4cts. 
~ Parti.&lly sheared and strongl 1442-1445 Dyke is sttongly 1442-1445 Beu~atite ill stained 

~ fractured. COntacts formed by chloriti~ed; moderate epiQo on all fracture aurfacea. 
"' 11 _ _f~.ll.r.eLAt . .M!~..A...- f'l, o.-~ C:U.bi.Xhl.t&.. .oUld...cl.a¥.-~ 

u• acceaaory, \\ IJ 14-45-1467 Grey--qr"n ~~~edilllll- porphyritic faldspa.u au 
~'II qtainoCI QUARTZ DlORlT£. Tutu • entirely .ltaolinizl!d. 

. - is uniform and foliation b 1445-1467 QUARTZ DIORITE 1445-1467 Carbonates t buff 
c1:!'z cOGt fracturoa.u.aa~r. - .. 11 .-" ~aent. Fracturing is IIIIOd.oratl axhibita pervo.tvo argillic 

_ h_ ------.--tQ_ strong 1nd &P'D'" lq 

v--lt 

--- ~ /. 
she.sring ia present. 

1467-1470 Altered ANDESITE dyke 
Dyke is highly fr.sctured. ~~ 

1+++1-"-+--
h \\- 147G-1500 Dark prey QUARTZ 

4 D~ORITE.Hedium gr4ined textur 
-:\.- is crisp as rock becomes much 
\ -1-i fresher.Poli4tion is weak to 
~ -~.-------i'r~-tu.rinq.-.J.~--moder 

• iUJd err4tiC; however, micro­
fracturing is intense through 
out. 

Intensity is variable tbouqh 
decreasing with depth. 
Pelds~ cryst.s1s i!lrl!l comp­
letely kaolinized end llrl!l 

1467-1470 B1!1114tite and lllinor 
epidote ac~y carbonate 

~ 
1467-1470 Dyke is strongly 1470-1500 Carbonates ~ 

flooded by epidote,hematite. clay are predcGin4llt precip 
Strongly chloriti~ed. Por- itates forming crusts on 
phyritic feldspars 4re fractures (though locally 
ho 1 'n'7Pd --a----fi._lli-inQir----t.o-----3---t.llic:k-)-..... 

l47G-l500 Alter.stion intensity Silic<l- forms spa.rse veinl~t. 
is markedly decreased though to 2mm (usually in dilated 
SOllie zones of moderate propy fractures at 80'" to c.a.) 
litic-argillic o.ra evident. Coamonly' carbonates fringe "• -\\,..-

"Qil 
-----· --- .. ---------+l1llf.Js:Lare only lightly c.hJ&_- the_out~r edg_~s _ _Q_f..!J>~:Id-J. a 

itized and feldspa.riiio <tore fre h. veins. Trace he111atite -y 
~!=. ,, 
" .* 

Epidote floods •long micro- accomp&Iy cliJ.y:o. 
fracturea though envelopes o. e 
generally ler;u;1 than 1Jia 
thick. 
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APPENDIX C 

RECOMMENDATIONS FOR FUTURE DRILLING METHODS AT MOUNT CAYLEY 

Shovelnose l encountered severe drilling difficulties at 
about 450' (137 .2m). Steeply dipping structures, fractured 
r:-ock and formation squeeze caused continuous binding of the 
r:-ods. By 516' (157 .3m) conditions had deteriorated to an 
extent where continuation in the same fashion would have 
meant loss of the drill string due to breakage. 

During remedial work to solve drilling difficulties in 
SN-1 the drill string stuck in the hole and the hole had to 
be abandoned, Hindsight suggests that cement adhered to and 
hardened on the rods and bound them to the formation. The 
cementing procedure adopted at the time was typical of the 
standard diamond drilling practice except that fast setting 
C iment Fondue was used due to1 the failure of normal Portland 
cement in several previous applications, The high alumina 
Fondue is notorious in the. drilling industry because i·t' s 
fast set properties seem to be radically altered by water 
chemistry and particularly temperature. As a result, flash 
setting in less than five seconds has been observed. 

It is apparent that formation water was probably rising 
in the hole and may account for difficulties encountered in 
the previous unsuccessful cement jobs. Cement may have begun 
to adhere to the rods before they were lifted fr:-om the bottom 
of the hole or cement may have risen from the bottom under 
the influence of formatiofl water flow. A combination of 
these actions is plausible. It is virtually certain that 
cement seized the rods, 

Past drilling at Mount Cayley had encountered very 
competent rock and holes had been completed with ease using 
BQ equipment (Brosinsky, pers.comm.). Drilling in the upper 
Shovelnose Creek valley however, encountered highly fractured 
and altered rock cut by numerous dykes and breccias. 
Drilling conditions were more comparable with those in 
hydrothermally altered areas at Meager Creek and consequently 
after the abandonment of SN-1 it was decided that NQ drilling 
equipment should be more utilized through the worst zones. 
Although the NQ drilling was blocky in SN-2, none of the 
severe problems that stopped the drilling of SN-1 were 
encountered and the hole was completed successfully. 

Future diamond drilling in altered, broken basement at 
high elevations on the Mount Cayley complex should be started 
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with NQ until rock quality indicates that BQ 
sufficient to complete the hole. Hole refusals 
greatly minimized with such a design at only a 
additional cost. 

will be 
would be 
moderate 

Vlhere drilling problems are encountered which require 
remedial action, the use of cement should be a last resort. 
Other formation stabilization techniques are currently 
available which entail less risk of losing the drill string 
(gels and urethane foams for example). In addition the 
careful use of sodium carboxymethylcellulose (CMC) organic 
polymer muds (such as Quicktrol and Alcomer) can help control 
formation squeeze and cave. These light muds are only 
fractionally more viscous than water and generally perform 
well in the stabilization of formation clay such as 
encountered in zones of intense argillic alteration. 
Formation plugging, characteristic of wall cake building 
properties of bentonite muds, does not occur with CMC muds 
due to the non-flocullating properties of the polymers. 
Consequently, in situations where polymer muds are effective 
for stabilizing the formatidn, the hydrologic propertie~ of 
the formation remain intact. 

If cementing becomes the only alternative then 
particular caution will be required. It is recommended that 
immediately after the placement of the cement on bot tom, the 
rods be brought off bottom one hundred metres and flushed 
with water until the return is clean. Then the complete 
string should be pulled during the setting period as an extra 
precaution. Barring a flash set this technique should avoid 
the problems encountered in SN-1. Considering the high risk 
in using cement, the add ft ional costs in tripping rods and 
waiting on cement, other methods are preferable. 


