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INTRODUCTION

Natural acid-drainage can be generated from acidic
atmospheric precipitation (acid rain) and by both organic
and inorganic acid-generating processes. The greater extent
of natural acid generation occurs as the product of oxidation
of sulphide minerals when rock is exposed to water and air.

The purpose of this study is to identify and measure the
source and extent of natural acid waters draining from the
altered and mineralized rocks in the Mount Mclntosh -
Pemberton Hills area of northern Vancouver [sland. An
advanced-argillic, acid-sulphate, copper-gold system of
alteration and mineralization related to a porphyry intrusion
forms a belt trending northwesterly across the area of study.
During the 199] and 1992 field seasons, a total of 77 water
samples were tested for pH, and 34 selected waters analyzed
for sulphate and metal content, Waters draining aliered and
mineralized areas are contrasted with those from relatively
unmineralized areas revealing a focused mineralization-
related acid-generating system.

LOCATION AND ACCESS

The Mount Mclntosh - Pemberton Hills area is located on
northerm Vancouver 1sland about 25 kilometres west of Port
Hardy on the north «ide of Holberg Inlet (Figure 4-6-1), The
arca encompasses watersheds bordered by Hushamu and
Clesklagh creeks to the south, Hepler Creek on the west,
Nahwitti Lake to the north and the Pemberton Hills to the
east (Figure 4-6-2). Well-maintained logging roads provide
access to the area from either Coal Harbour (southern
access) or Port Hardy (northern access).
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Figure 4-6-1. Location map.
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GEOLOGIC SETTING

The study area is underlain by Upper Triassic to Lower
Jurassic rocks of the Vancouver Group and Lower Cre-
taceous Kyuquot Group sediments (Figure 4.6-2). Mu er
el al., (1974) describes the Vanccuver Group : s a sequeice
of Karmutsen basalt, Quatsino limestone, Par: on Bay sedi-
ments and Bonanza volcanics. Upper Triasiic (Carnian)
Karmutsen basalts crop out along the south sic e of Nahw- tj
Lake and extend northward from the study are: . This forina-
tion consists of basalt flows, pillow basalts, 1 reccia, aqua-
gene tuff, greenstone and minor limestone. East-trending
outcrops of Upper Triassic (Carnian) Quatsi o Formation
limestones overlie the Karmutser: basalts and zrade upwarc
to calcareous siltstones, argillite and locally chert. These
limestones are typically massive, locally fos iliferous ang
altered to skarn. The Quatsino lirmestone is an easily identi-
fiable marker between Karmutsen voleanics ar d Parson Hay
sediments. The Upper Triassic (Morian) Parso Bay Forna-
tion consists of well-bedded calcareous sil stone, shale.
limestone, greywacke, conglomerate and breccia. Locally
these sediments are skarn altered and miner dized. Lower
Jurassic Bonanza Formation volcanics str: tigraphically
overly the Parson Bay sediments. In the study wea the lower
part of the Bonanza Formation consists of well-laye-ad,
tuffaceous, commonly pyroxene-bearing, epiclastic end
pyroclastic volcanics. Higher in the section t onanza rccks
are dominated by massive pyroxene-beariny andesite to
basalt flows, tuffs and volcaniclastics wita minor and
localized dacite to rhyolite flows and pyro:lastics (Pan-
teleyev and Koyanagi, 1993, this volume) Lower Cre-
taceous Kyuquot Group conglomerate, :iltstone and
greywacke (Muller et al., 1974) crop out in the southzast
part of the study area along the shore of lolberg Inlet.
Intrusive tocks are mainfy the furassic Island *lutonic Suite
(Muller, 1974 et. al.). These intrusions are cor imonly quart::
diorite to granodiorite in composition and intrude all rocks
of the Vancouver Group.

ALTERATION AND MINERALIZATION

The study area includes mineral prospects : nd deposi's of
various types, mainly porphvry copper-gol i, base met:]
skarns and advanced-argillic acid-sulpha e epithermal
mineralization.

Lower Jurassic Bonanza Formation volcanics 1ost
advanced-argiilic, acid-sulphate alteration ar.d minera iza-
tion that is transitional between porphyry and epithermel
environments. This alteration and mineraliz: tion is related
to the emplacement of the Jurussic Island utonic Suite.
Hydrothermally altered and leached silica c: ps form phys-
iographically prominent bluffs outcropping from Mount
Mclntosh to the Pemberton Hills, revealing : linear systemn
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Figure 4-6-2. Geology and alteration map of the Mount Mclntosh - Pemberton Hills area (921./12) with water sample sites.

of alteration zones (Figure 4-6-2). Advanced-argillic, acid- small, massive lenses and disseminations of pyrite repre-
sulphate alteration with quartz-alunite-kaolinite- senting an outer alteration envelope of a porphyry system.
pyrophyllite-zunyite mineral assemblages underlie and Outcrops of quartz diorite near Hushamu Lake also host
extend beyond higher level, barren siliceous rocks. The porphyry copper-gold mineralization.

acid-sulphate environment is confirmed by the presence of Calcareous sediments of the Upper Triassic Parson Bay
sulphate minerals including alunite, jarosite, gypsum, and Quatsino formations contain extensive calcsilicate
anhydrite, barite and melanterite. The acidic and strongly alteration and host skarn mineralization related to the Island
oxidized character of the hydrothermal system creates an Plutonic Suite (Dasler, 1990). Parson Bay sediments are
environment for high-sulphidation base and precious metal also host to bedding-replacement massive pyrite
deposition. Sulphide mineralization consists of abundant mineralization.

disseminated and massive stratabound iron sulphides (domi-

nantly pyrite and probably marcasite) with mincr amounts ACID GENERATION FROM SULPHIDE

of enargite and copper sulphides. Propylitic zones with

characteristic epidote-chlorite-zeolite-pyrite mineral OXIDATION
assemblages have formed peripheral to the advanced- The largest source of natural acid generation is the oxida-
argillic alteration zones. Sulphide mineralization of pro- tion of sulphide minerals. This oxidation process begins
pylite is significant but occurs in lesser amounts than within with the exposure of sulphide-rich rock to air and water.
the argillic zone. Rare phyllic alteration with quartz and Stumm and Morgan (1970} describe the reaction process as
sericite occur locally. follows:

Porphyry copper mineralization close to the contact with Iron sulphides, mainly pyrite, react with oxygen and
a grancdiorite stock of the Island Plutonic Suite occurs west water to produce ferrous iron, sulphate and free hydrogen
of Hepler Creek. There propylitic Bonanza volcanics host®  (reaction A).
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2FeS,(s)+70,-2H,0 = 2Fe? ' +480,> +4H '

With continued oxidation the ferrous iron will oxidize to

ferric iron (reaction 3).
4Fe2+ +O,+4H* = 4F¢*' +2H,0

As the level of acidity increases (to around pH of 3.2)
ferrous iron oxidation may be catalyzed by certain acid-
ophillic bacteria, primarily Thiobacillus ferrooxidans
(Steffen, Robertson and Kirsten (B.C.) Inc., 1989, pp. 2-5)
and Ferrobacillus ferrooxidans (Stumm and Morgan, 1970,
p. 342). When combined with water, ferric iron will precipi-
tate ferric hydroxide that coats stream beds and creates
additional acidity (reaction C).

Fe3*+3H,0 = Fe(OH),(s)+3H"*

Ferric iron then combines with additional pyrite to pro-

duce ferrous iron, sulphate and hydrogen (reaction D).
FeS.(s)+14Fe’ ' +8H,0=15Fe? ' +280,7 +16H "

Provided that there are no other major external sources of
sulphate, sulphate concentrations may be used as an overall
indicator of the amount of acid generated from sulphide
dissolution {Stumm and Morgan, 1970 p. 540). If acidity is
neutralized, sulphate content is not affected (unless mineral
saturation with respect to gypsum is attained) and the cor-
relation is preserved (Steffen, Robertson and Kirsten (B.C.)
Inc., 1989, pp. 2-7). Alternatively, if conditions of high
acidity and low sulphate coincide, the source of acid is most
likely not sulphide oxidation. Overall, if an extensive
amount of pyrite is dissolved and the buffering capacity of
the surrounding environment is exceeded, the result will be
sustained acid generation.

The decomposition of pyrite is among the most acidic of
all weathering reactions. Marcasite, a dimorph with pyrite
and common in the study area, usually disintegrates maore
easily than pyrite, generating acid at a higher rate (Hurlbut
and Klein, 1977).

The rate of dissolution of sulphides within stream drai-
nages is variable. Extensive surface area exposure of
sulphide-rich rock to air and water combined with low pH
levels and elevated temperatures accelerates the process of
acid generation. Under acidic conditions the presence of
abundant acidophylic bacteria can also accelerate the
process.

Organic generation of acid is also a contributor to natural
acid-drainage. In our study area this process is likely to be
much less significant than the weathering of sulphide min-
erals. Fermentation reactions and sulphate reduction results
in acid generation. Sulphate introduced into an area of
decomposing organic material will undergo bacterial reduc-
tion (by genus Desulfovibrio, Berner, 1971, p. 123). This
bacteria utilizes organic carbon as a reducing agent. The
reduction of sulphate forms acid by the following gener-
alized reactions {Berner, 1971, p. 123}

2CH,0+350,%,, =2HCO,  +H.S,
2CH,0+80,%,,—»HCO; ,, +HS +CO,, T H,0,,

ACID NEUTRALIZING PROCESS

The level of acidity produced from sulphide oxidation is
dependent upon the ability of the surrounding environment
to neutralize acid. Carbonate bedrock such as limestone is
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an excellent acid neutralizer. Scils rich with ¢z rbonate min-
erals also have neutralizing capacities. The net tralizaticn of
acid by calctum carbonate is as follows (Steffen, Robertson
and Kirsten (B.C.) Inc., 1989 p. 2-7):
CaCO,+H* —»Cas+ +HCO,
and,
CaCO,+2H* —=Ce2t +H,CO,

FIELD STUDY AND ANALYTICAL
PROCEDURE

Acidity levels in stream drainages were mez sured using a
Corning CheckMate™ MO0 pertable micropr cessor-based
pH, conductivity and dissolved oxygen me er. Readiigs
were taken and recorded in the field submers ng the meier
directly into streams.

Samples were collected during the summ:r months of
1951 and 1992. Low rainfall and warmer temjeratures cur-
ing July and August of 1992, in comparisor to the same
months in 1991, resulted in a reduced volum:z of water in
many streams. This, in some instances, may result in higher
acid levels as well as elevated conductivity nd total dis-
solved solids (TDS) in 1992, Standing water i 1 a Swamip on
Mount McIntosh was measured in 1991 and 1992 {samples
EC91AP-37 and ECHY92AP-18, Table 4-6-1) Acid levzls
were slightly higher in 1992 with conductivity and TDS
significantly higher.

The pH sensor was calibrated on a dail' basis using
prepared standard solutions. Plastic 250-mi lilitre bottles
were used to collect water samples from celected sites
Samples were preserved with nitric acid »nt were no:
filtered.

RESULTS

Natural acid levels in drainages throughc it the Mount
Mclntosh - Pemberton Hills arza range betwe :n pH 6.5 and
2.0 (Table 4-6-1). Background acidity is cor sidered to be
the acid level in waters draining relatively 1nmineral:zed
areas and lake waters in some of the larper lakes, for
example Nahwitti Lake. This level is about p 4 5.6 (sample
EC92AP-01, Table 4-6-1). Almospheric srecipitat.on,
organic fermentation and the oxidation of ubi quitous pyrite
in the underlying rocks are ccntributors to acid generation
resulting in the lower pH background level: in the studyv
area.

A strong correlation between high acidity (low pH) in
waters and sulphide-bearing rocks is recogized. Seversl
locations within the study area contain va t amount; cf
sulphides reflecting this correlation (F gure 4-6-2.
Youghpan Creek for example, drains ‘ine-grained,
advanced-argillic altered Bonanza rocks hosting dissemi-
nated and massive stratabound pvrite and n arcasite (Pan-
teleyev and Koyanagi, 1993, rhis volume). This creek sys-
tem transports a relatively high volume of wi ter and drains
a large watershed. Within a strzam system of 1his size it may
be expected that acidity 1s diluted by the 1a-ge volume of
water. Contrary to this prediction, measurem nts within the
main course of Youghpan Creek returned icid levels of
pH 3.1 {(sample EC92AP-27, Table 4-6-1). A tnbutmy 1o
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TABLE 4-6-1

WATER CHEMISTRY DATA FOR THE MOUNT McINTOSH - PEMBERTON HILLS AREA, QUATSINO MAP AREA, NORTHERN
VANCOUVER ISLAND (92L/12)

Sample pH Comd TDS Temp Location S04 Fe Si Ba Ca Cu Pb In Al Mg
No e gml o

ECS1AP-16 19 163.2 818 131 Hushamu Creek 31 o001 67¢ 003 518 012 002 001 189 170
EC91AP-17 5.4 12.2 Hushamu Creek Trib.

EC91AP-18 4.0 11.2 Hushamm Creek Trib.

EC91AP-19 3.8 176.5 920 146 Hushamu Creek Trib. 39 001 866 004 401 0.00 001 0.01 1.90 218
EC91AP-20 43 120.0 61.1 13.7 Hushamu Creek 13 001 39 001 466 001 000 001 09 188
EC91AP-21 58 48,1 242 141 Hushamu Creek Trib.

EC91AP-22 35 244.0 1260 9.4 Hushamu Creek Trib. 30 0621 8§92 002 019 00f 002 0061 626 138
ECS1AP-22 4.3 141.2 708 158 Hushamu Lake 32 001 584 001 643 002 002 001 148 228
EC91AP-24 3.7 53.9 273 91 Hushamu Creck Trib. 228 055 2149 001 2331 032 005 004 1649 1090
ECI1AP-25 6.2 50,5 253 130 Hushanmm Creek Trib. 1 010 1.8 005 206 000 O0O0F 003 008 064
EC91AP-26 6.0 613 369 106 Hushanw Ceeek Trib.

EC91AP-29 55 484 281 100 Hepler Creck Trib.

EC91AP-30 4.1 100.0 500 112 Hepler Creek Trib. 18 001 367 001 298 007 001 OMH 082 093
EC91AP-31 39 119.4 617 117 Hepler Creck Trib. 20 007 3 003 324 000 001 001 116 L2l
ECS1AP-32 58 133.7 672 84 Hepler Creek Trib,

ECZ1AP-33 48 473 240 10.4 Goodspeed RiverTrib.

ECSIAPM 36 0t 199 170 Goodspeed RiverTrib. 3 001 141 001 154 000 000 003 018 049
ECI1AP-35 4.8 15.3 76 108 Mount Mclntosh 7 029 031 001 001 000 001 001 028 012
ECI1AP-36 47 280 {40 113 Mount Mclntosh

EC91AP-37 36 B8O 447 122 Mourt Mclntosh 14 as6 672 002 001 000 000 001 102 078
ECOIAP-38 36 1111 558 95 Mount Mcintosh

EC91AP3% 33 3420 1760 131 South Mclntosh

ECOIAP40 32 4590 2440 177 South Mclntosh

ECP1AP.4] 33 2550 1280 139 South Mclntosh

ECPIAP42 39 1392 7192 150 South Mclntosh 29 001 536 003 689 000 001 001 187 165
ECI1AP43 41 2150 1070 129 South Mclntosh

ECO1AP-44 31 4420 2190 143 South Mclntosh

ECOIAP-48 36 1820 {490 116 South Mclntosh

ECP1AP46 51 444 223 96 Hushamu Creek Trib.

ECO1AP-47 59 437 159 104 Hushamu Creek Trib.

EC91AP48 58 60.0 303 122 Hushamu Creek Trib.

ECOIAP49 38 1980 985 143 Hushamu Creek Trib.

EC92AP-1 5.6 757 379 115 Goodspeed River Trib. 13 013 392 006 904 001 001 003 019 L8
EC9ZAP-2 52 219 109 110 Mead Creck

ECIIAP-3 55 224 117 99 Mead Creek 10 04l 219 005 1¥ 000 001 004 052 013
EC92ZAP-4 57 564 281 196 Mead Creek

EC92AP-5 6.0 573 282 122 Nahwitti River Trib.

EC92AP-6 6.5 351 176 117 Mead Creek 10 019 293 003 430 001 0061 011 020 047
EC92AP.? 57 383 190 194 Nahwitti Lake

ECY92AP-8 6.1 648 300 168 §. Nahwitti Lake

EC92AP-9 6.0 659 328 115 S. Nahwitti Lake

ECO2AP-10 S0 735 364 138 Hepler Creek 26 045 529 005 573 001 001 001 052 120
ECY2AP-11 47 586 295 152 Hepler Creek Trib.

EC92AP-12 51 551 275 143 Hepler Creek Trib,

EC92AP-13 39  I521 754 153 Hepler Croek Trib. S1 035 783 005 748 003 001 008 347 107
EC92AP-14 42 770 387 136 Hepler Creek Trib.

EC92AP-15 47 512 256 191 Huzhamu Creek Trib. 17 029 447 004 380 000 001 002 029 06l
EC92AP-16 44 1513 752 1238 Mount McIntosh 54 920 849 010 739 002 001 002 159 283
EC92AP-17 4.5 9224 449 196 Hushamu Lake

EC9IAP-13 32 2590 1280 234 Mount Mclnosh 58 06104 329 030 3551 601 001 006 010 070
EC92AP-19 5.4 350 274 156 Clesklagh Creek 10 230 108 014 143 001 001 001 29 183
ECY2AP20 39 1842 929 14% Clesklagh Croek 72 068 821 008 1430 001 001 003 31 233
EC92AP-21 20 24000 11900 289 South Mclrtosh 1300 BRB0 3660 006 16500 0.5 011 065 4570 962
EC92AP22 43 1570 785 140 South McIntosh

EC92AP-23 5.3 7Ll 355 120 South Mclrtosh

EC92AP-24 35 2190 1050 127 South Mclntosh 67 029 537 010 1400 001 001 002 174 156
EC92AP25 34 1970 978 129 South Mclntoch

EC92AP-26 A8 531 254 137 Hushamu Creek Trib. 12 298 350 005 445 000 001 001 061 094
EC92AP27 31 2520 1240 124 ¥ oughpan Creek 72 223 694 009 IL70 001 001 002 354 128
EC92AP-28 29 3110 1570 154  YoughpanCreek Trib. 113 560 1130 012 1470 001 001 003 395 272
EC92AP-29 34 3470 1750 115 Youghpan Creek Trib.

EC92AP30 53 899 283 116 N. Youghpan Creek 17 017 293 006 29 000 001 001 027 073
EC92AP-31 44 1175 575 154 N. Youghpan Creck

EC92AP32 5.0 00 251 12 N. Youghpan Creek

EC92AP-33 42 1657 828 149  MouthYoughpanCreck 69 0.89 338 009 1790 001 081 002 171 191
EC92AP-50 5. 404 203 133 Youghpan Creek Trib.

EC92AP-51 39 772 385 177  Youghpan Creek Trib.

EC92AP-52 40 907 431 148  Youghpan Creck Trib. IR 121 516 016 281 001 006 001 068 094
EC92AP-53 5.7 777 389 191 Youghpan Creek Trib.

EC92AP-54 61 3480 1740 194  Youghpan Creek Trib.

ECOIAP-SS 34 2400 1190 167  YoughpanCreek Trib. 60 225 698 009 545 001 001 003 135 169
EC92AP-56 5.4 829 420 161 Youghpan Creek Trib.

EC92AP-57 37 3300 1710 188  Youghpan Creck Trib.

EC92AP-58 35 2640 1310 161 Youghpan Creek Trib. g8 273 783 041 1390 001 002 003 387 180
EC92AP-59 35 2600 1300 165  Youghpan Creek Trib.

ECOIAP-60 54 1457 702 177  Youghpan Creek Trib. 49 112 668 005 1640 001 001 001 040 148
EC92AP-6} 55 7740 3850 253 Youghpan Creek Trib.

VICT.RAIN 41 1888 928 245 Victoria Rain
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TABLE 4-6-2

PEARSON CORRELATION MATRIX ¥OR ELEMENT PAIRS, pH, CONDUCTIVITY (COND) AND TOTaL DISSOLVED OLIDS (TDS)

Al Ba ca | cono | cu Fe Mg Pb pH si_| so4 | T [ zn
Al 1.000
Ba -0.100[  1.000
Ca 0.562] 0.176] 1.000
COND 0181] 0494 0.402] 1.000
Cu 0822 0192| 0477] 0.108] 1.000
Fe 0084] 0315] 0212] 0290 -0061| 1.000 _
Mg 0.906] 0089] o0ee2| o0077] o0s872] 0.454] 1.000 .
Pb 0636 0024 02e5| 0020 o0ses] 0001] 0526 1.000 .
pH 0403| 0293 0.322| o777] -0187] 0481] 0301 0203 1.000 _
si 0.854| 0031 0750 ©0397] o718 0235] o0.269] 0511 0.492] 1.000 .
SO4 0880 0168 0817[ 0431] o0725] 0236 o0376] o04s7| o840 0.948] 1000 .
DS 095 o0476] 0.335] o0997] 0.101] o289 oose| 0030 -0.785] o0408| 0433 000
Zn 0003 0221 o0130[ ooe] 0101 0083 oots] o027 0203 oove[  o.ass] -ror3| 1000

Level of significance (95th percentile)=0.306 calculated for N=30

Youghpan Creek transports a lower volume of water and
returns a pH value of 2.9 (sample EC92AP-28, Table 4-6-1).
These low pH levels indicate the presence of an extensive
amount of sulphide minerals that are being leached into the
drainage system. Sample EC92AP-33 (Table 4-6-1) is
located near the mouth of Youghpan Creek, 3 to 4 kilo-
metres downstream from the sample sites mentioned above,
A pH level of 4.2 indicates dilution, but continues to reflect
a large source of acid upstream.

Clesklagh Creek drainages include streams flowing from
the South MclIntosh area where abundant silicified and
advanced-argillic altered Bonanza flows and tutfaceous vol-
canics strongly mineralized with disseminated pyrite are
present. A sample of standing water in a ditch at the base of
a sulphide-bearing, argillic-altered and strongly weathered
outcrop (sample EC92ZAP-21, Table 4-6-1) returned a pH
value of 2.0. Creeks draining the South Mcintosh area
average pH levels of 3.3. Upstream from South Mclntosh, a
southeasterly trending tributary of Clesklagh Creek drains
unmineralized and unaltered Bonanza volcanics. Measure-
ments in this tributary returned pH values of 5.4 (sample
EC92AP-19, Table 4-6-1) indicating acid contributions lim-
ited to background levels. Downstream, below South McIn-
tosh, Clesklagh Creek holds acid concentrations of pH 3.9
(Sample EC92AP-20), Table 4-6-1). The slight dilution of
acidity at this location is a result of mixing waters from
mineralized and unmineralized sources, These results indi-
cate that the source of acid in the Clesklagh drainage is the
altered and mineralized rocks of the South Mclntosh area.

A tributary on the west side of Hepler Creek returned acid
levels of pH 3.9 (sample EC92AP-13, Table 4-6-1). The
sample site is flanked by propylitically altered Bonanza
volcanics containing disseminated and massive pyrite in a
porphyry copper setting. Acid here is being visibly gener-
ated by oxidizing iron sulphides adjacent to the stream.

Acidity of waters draining Parson Bay and Quatsino
calcareous sediments (samples EC92AP-05 to EC92AP-09,
Table 4-6-1) average well above pH 6.0. The Parson Bay
Formation is locally mineralized with bedding-replacement
iron sulphides, and Quatsino limestones are skarn altered
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and mineralized. Acid is most likely generated from th:se
sulphide-bearing rocks but the presence of tie carbonate
bedrock neutralizes this added acidity. The presence of
carbonate strata produces pH levels generail:' well above
the defined regional background levels.

WATER CHEMISTRY

Under natural weathering conditions, in wh ch acid neu-
tralization does not take place, there is a correl: Lion between
acidity and sulphide dissolution. Sulphate coitent can be
correlated to levels of sulphide dissolution unler neutraliz-
ing or non-neutralizing conditions. Sulphate minerals within
acid-sulphate alteration zones (such as alunite, melanterite
and gypsum) contribute some sulphate to tle drainages.
However, their insolubility and relative sparseness corn-
pared 1o pyrite suggests that their significance is negligihle
in comparison to contributions {rom pyrite oxislation. Water
sample analyses in the study area show su phate levals
varying between 1 and 1300 ppm (Table 4-6- ). The sulp-
hate levels show a strong positive correlation with acidity
(Table 4-6-2). This correlation indicates that ac d-producing
sulphide oxidation takes place in a non-ieutralizing
environment. A low-acidity (high pH) high-s 1lphate rela-
tionship would indicate sulphide-generated acid in a neu-
tralizing or diluted environment. Conversely, a high-acid
(low pH) low-sulphate relationship reflects ac:d generation
originating from a non-sulphide source of pos ibly organic
origins. A Pearson correlation matrix (Table 4-6-2) illus-
trates correlations between pH and sulphate as well as other
correlation data.

CONCLUSIONS

Natural acid is generated in surface waters in the Mount
Mclintosh - Pemberton Hills area. Clear-cut logging and
road building indirectly increase acid generatio 1 by increas-
ing the amount of fresh rock exposed to weathering. The
primary source of acidity is the oxidation of ‘he abundunt
iron sulphides contained within advanced-argillic ac d-
sulphate altered rocks as well as nearby porphyry copper
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and skarn-mineralized rocks. Measurements of acidity in
conjunction with sulphate levels can be used to locate
sulphide-rich rocks that may contain ore deposits.
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