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INTRODUCTION

Northern Vancouver Island Upper Triassic
sediments, Lower Jurassic Bonanza volcanics and related
Jurassic Island Plutonic Suite intrusions host significant
porphyry copper-gold, base metal skarns and advanced
argillic acid-sulphate epithermal mineralization
(Panteleyev and Koyanagi, 1993). This geological
setting provides the focus for a study of natural acid rock-
drainage.

The purpose of the study is 1o determine the
source and demonstrate the extent of natural acid in
waters draining areas of altered and mineralized rock.
Over a 3-year period beginning in 1991, 248 water sites
were sampled for pH, conductivity and total dissolved
solids. Selected drainages were measured yearly to
evaluate annual variations. Flushing effects after a major
rainfall were determined by taking pH measurements
before and after rainstorms. A total of twenty-one waters
and nine silt samples from selected sites were collected
and submitted for analysis of metal content. Data from
1991 and 1992 sampling are presented in Koyanagi and
Panteleyev (1993). Analytical data from samples
collected in the 1993 season are pending.

LOCATION AND ACCESS

The study area in northern Vancouver Island is
located between Mahwitti Lake and Holberg Inlet about
15 kilometres west of the Island Copper mine (Figure 1).
The sample area in 1991 and 1992 was centred about
Mount McIntosh and the Pemberton Hills. The survey
expanded in 1993 to include waters draining the Red
Dog deposit, the upper reaches of the Goodspeed River
and its major tributaries, and parts of the Wanokana
Creek and Nahwitti River drainage systems. Access from
Coal Harbor in the south is primarily by well-maintained
active logging roads and in the north along the Port
Hardy - Holberg road.
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Figure 1. Location Map of the Red Dog - Hishamu -
Pemberton Hills area, Northern Vancouver Island.

PHYSIOGRAPHY

The study area falls within the N: hwitti
Lowland which forms part of the Hecate L epression
(Holland, 1976). The Nahwiiti Lowland i: characterized
by low relief, rounded hills, narrow valley: and broad
lowlands and valleys (Gravel and Matysek 1989).
Elevations range from sea level up to 700 netres,
generally diminishing toward the northwe it.

Quaternary geology, as described by Kerr and
Sibbick (1992), consists of widespread dep osits of till
common in both highland and lowland are as attainirg
tens of metres of thickness in valleys . Sai d and gravel
deposits of glaciofluvial outwash vary fron 1to 15
metres in thickness as valley-bottom fill. (olluvium
derived from till and weathered bedrock occurs as a
ubiquitous veneer (<1 m) or blanket (>1 m). A thin layer
of ferricrete is widespread in the study are: and is
commonly exposed as resistant ledges ove: hanging
stream banks and road cuts.

The most recent glaciation in the Nahwitti
Lowlands (Wisconsinan) occurred 20 000 o 10 0G0 years
ago. This glaciation is interpreted to have had a regional
ice-flow direction generally to the northwe it, originating
from the Coast Mountains and crossing i een Charlotte
Strait (Kerr and Sibbick, 1992).
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GEOLOGICAL SETTING

The geology in the study area is dominated by
Upper Triassic to Lower Jurassic volcanic and
sedimentary rocks intruded by plutonic rocks of Jurassic,
Island Plutonic Suite affinities (Figure 23, These rocks
are unconformably overlain by Cretaceous sedimentary
rocks along the north shore of Holberg Inlet. A detailed
description of the regional geology is reported by Nixon
et al. (1994, this volume).

Jurassic Bonanza Group units host porphyry
copper-gold deposits (Istand Copper mine, Hushamu,
Hep, Red Dog) related to intrusion of the Island Plutonic
Suite, as well as transitional to epithermal-type alteration
and mineralization (NW Expo, Mount Mclntosh, South
Mclintosh, Pemberton Hills, Wann). Advanced-argillic
acid-sulphate mineralization transitional between
porphyry and epithermal settings occurs in a belt of
distinct alteration trending northwesterly from the
Pemberton Hills to the Northwest Expo property (Figure
2). Descriptions of the transitional setting and

surface. Background acid level, considercd to be
represented by the acid level in waters drzining relatively
unmineralized areas and the larger lakes, is about pH £.6.

RESULTS AND INTERPRETATIONS

A correlation between high acid evels in
drainage waters and sulphide-bearing roc::s, as reported
by Koyanagi and Panteleyey (1993), was jurther
substantiated by 1993 sampling. Acid lev:ls measn-ed in
waters draining the Red Dog area provide evidence for
this correlation (Figure 3). The Red Dog s a porphyry
prospect with low-grade copper-gold-mol: bdemun
mincralization hosted by a porphyritic int usion of the
Island Plutonic Suite. The surrounding country rocks cre
dominantly mafic to intermediate Bonanz 1 flows with
lesser Parson Bay sedimentary rocks cropping out 1c th:
north. A "bull's eye” pattern of pH measurcmenis
centred on the mineralized zone illustrate : the source and

associated alteration and mineralization are provided (7] o e e ssin Water Sam Je Duta
by Panteleyev (1992), and Panteleyev and Kovanagi N kP e s
(1993; 1994, this Volume). [ UBy | St . o i e WL weter wrwls e ot < 4t
Parmm Buy spliranis "‘/ :
FIELD STUDY AND ANALYTICAL \ Lo \\\ T\ \uﬁQ‘Q'\\gy,,
PROCEDURE v, Tl r\'a‘\\\\\'@\%
_— | N N
Acid levels in waters were measured using a N o SER N . RSN
Corning CheckMate™ M90 portable L NWEXPO LT e
microprocessor-based pH, conductivity and total 57 C e TR A
dissolved solids meter. Readings were 1aken in the T G e
field by submersing the meter directly into waters, ‘ S A get B8 ST LA 7
N | LS /A«;A+3‘6o+,+++‘<+n’ s
During the 1993 sampling program, 171 . foete o N O
waters were measured for pH, conductivity and total a i .J S }‘g}& A T4 Tl )
dissolved solids. Sampling included remeasuring . oG v MR U
sites tested in previous years, to determine annual - N Nt ﬁéﬁ_} e ST =
variations. In the Wanokana, Youghpan and Lo DTTRRLALERS T
Hushamu Creck drainages measurements were taken y . Red Dog T
before and after a major rainfall to determine the ) NN - ‘
effects of short-term flushing. JE L N umeet . &7 .
Waters were surveyed during the month of ¢ - LN h \
August. Precipitation levels reported by o scale: kiametres | IJBv S
Environment Canada indicate rainfall for July 1993 el R . ’
was below average with August 1993 rainfall slightly 0 1 2 08 LY
above average (Table 1). The below average rainfall — IEL e
in July resulted in small volumes of water flow in Figure 3. Sample location map of the Red D(g prospect
many drainages. In some smaller creeks levels were illustrating the spatial relationship of acid waters in
reduced to flow occurring only below the ground relation to alteration and lithologies.
TABLE 1. MONTHLY PRECIPITATION TOTALS FOR 1991 TO 1993.
January February March April May June July August
1991 185.8 1842 104.0 95.0 526 616 78.6 186.6
1992 409.0 167.2 38.8 92.8 76.8 70.4 13.6 47.6
1993 e 20.2 258.8 150.0 139.8 82.8 25.0 79.6
Average* 258.8 190.1 1759 1331 78.1 71.0 47.0 58.8
* averages calculated for years 1961 to 1990, All measurements in millimetres
Reported by Atmospheric Environmental Service, Canada Climate Normals for British Columbia; station located at
Coal Harbour 50°36'N 127°30'W, elevation §7 metres.
121
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TABLE 2. WATER DATA FOR NEW 1993 SAMPLE SITES.

Sample Main pH Cond. TOS Temp Sample Main pH Cond. TDS Temp
Number Drainage °C Number Drainage °C

EC93VKO37 Goodspeed 5.7 490 244 14.0 EC93VKO20 Red Dog 5.4 B5.9 436 13.0
EC83VKO38 Goodspeed 6.1 1576 78.5 19.7 ECO3VKO21 Red Dog 5.6 72.0 36.1 13.2
ECO3VKO39 Goodspaed 5.9 142.7 71.4 213 ECO3VKO22 Red Dog 39 205.0 102.0 149
EC83VKO40 Goodspeed 57 63.8 275 243 ECO3VKO23 Red Dog 27 1503.0 753.0 142
ECO3VKO41 Goodspeed 57 50.2 201 19.8 ECO3VKO24 Red Dog 5.1 86.8 435 142
ECO3VKO42 Goodspeed 6.3 160.4 86.2 238 ECI3VKO25 Red Dog 57 46.4 227 123
ECI93VKO43 Goodspeed 5.1 415 20.0 228 ECI3VKQO26 Red Dog 57 571 266 166
EC93VKO45 Goodspeed 59 91.0 457 15.6 ECI3VKO2LT Red Dog 5.6 88.8 47.7 142
ECO3VKO46 Goodspeed 56 87.5 499 134 EC33VKO80 Clesclagh 43 179.0 90.0 144
ECIVKO47 Goodspeed 59 845 47.6 12.4 EC93VKO&1 Clesclagh 59 93.7 386 120
ECO3VKO48 Goodspeed 58 74.2 366 130 EC93VKOBT Clesclagh 55 67.8 341 14.1
EC83VKO49 Goodspeed 6.1 173.9 789 121 EC93VKOT77 Hepler 58 724 435 122
EC83VKO50 Goodspeed 58 230.0 116.0 10.7 EC93VKOT8 Hepler 55 64.7 319 148
ECO3VKO51 Goodspeed 6.1 296.0 152.0 95 ECO3VKOT9 Hepler 58 423 20.0 14.7
ECO3VKOS52 Goodspeed 6.1 153.0 717 121 ECO3VKO172 Hepler 55 1.7
ECO3VKO54 Goodspeet 57 845 427 116 EC93VKO83 Hushamu 55 835 50.7 106
ECO3VKOS55 Goodspeed 57 68.2 34.1 125 EC93VKO87? Hushamu 4.3 1370 89.8 16.4
ECI3VKOS56 Goodspeed 57 645 31.1 10.7 EC93VKCa8 Hushamu 56 54.9 270 13.7
ECIIVKOS? Goodspeed 58 845 4186 109 EC93VKQ95 Hushamu 53 638 26.6 14.1
ECI3VKO58 Goodspeed 56 384 1886 175 EC93VKO9%6 Hushamu 55 554 326 133
ECI3VKOTS Goodspeed 5.2 855 385 8.9 EC93VKO168 Kains 56 aan - 125
ECO3VKOT6 Goodspeed 56 64.2 335 105 ECIIVKO 169 MNahwitti 57 - - 13.6
EC93VKO170 Goodspeed 57 95 ECS3VKO111 NW Expo 57 109.6 55.4 174
ECO3VKO1™1 Goodspeed 56 - 15.5 ECO3VKO135 Wakalish 64 189.1 95.4 13.2
ECO3VKO16 Holberg 6.1 191.0 94.0 16.3 ECI3VKO115 Wanokana 59 635 28.8 128
EC93VKO28 Holberg Rd 3.7 64.6 325 11.7 EC93VKO116 Wanokana 39 151.1 75.7 14.2
EC93VKO28 Holberg Rd 59 68.4 344 205 EC93VKO117 Wanokana 3.3 863.0 450.0 14.2
ECO3VKO30 Holberg Rd 58 56.3 279 151 EC93VKO118 Wanokana 55 109.4 54.6 123
EC23VKO31 Holberg Rd 5.1 102.0 42.9 15.7 ECO3VKGO119 Wanokana 4.4 147.8 733 109
EC93VKQ32 Holberg Rd 6.1 1038 474 13.5 ECO3VKO120 Wanokana 53 605 29.2 158
EC93VKO33 Holberg Rd 56 63.6 N5 120 EC93VKO121 Wanokana 43 118.7 58.7 126
ECO3VKO34 Holberg Rd 55 449 229 12.4 EC93VKO122 Wanokana 449 1176 56.2 123
ECO3VKO35 Holberg Rd 56 100.7 50.1 14.9 EC93VKO123 Wanokana 39 1215 60.4 15.3
EC93VKO36 Holberg Rd 55 44.7 221 108 EC93VKO124 Wanokana 4.0 3100 152.0 15.2
ECO3VKO44 Holberg Rd 55 99.1 S50.0 10.0 EC93VKO125 Wanckana 4.6 432 215 169
ECO3VKO1 Red Dog 59 66.0 308 8.1 EC93VKO126 Wanokana 51 77.8 38.9 142
EC93VKO2 Red Dog 5.7 589 284 13 ECO3VKO127 Wanokana 55 80.1 50.2 133
EC93VKO3 Red Dog 5.7 412 236 04 ECO3VKO129 Wanokana 53 61.0 30.5 176
ECO3VKO4 Red Dog 36 206.0 102.0 14.2 ECS3VKO130 Wanokana 53 815 405 15.7
ECO3VKO5 Red Dog 37 510.0 260.0 18.0 ECS3VKQO131 Wanokana 4.4 1425 720 161
ECI93VKO86 Red Dog 5.4 76.4 384 135 EC93VKO132 Wanokana 57 114.3 56.3 15.2
EC83VKOY Red Dog 50 86.7 431 16.7 ECO3VKO164 Wanokana 53 61.8 306 1186
ECO3VKO8 Red Dog 51 51.2 258 139 EC93VKO165 Wanokana 52 1078.0 535.0 11.8
ECO3VKOY Red Dog 52 52.4 26.4 135 EC93VKQ166 Wanokana 55 — - 1.9
EC93VKO10 Red Dog 49 50.4 17.7 235 ECO3VKO167 VWanokana 59 - - 120
ECO3vVKO11 Red Dog 58 77.3 385 18.6 ECO3VKO99 Youghpan 59 64.8 319 151
ECO3vVKO12 Red Dog 54 230 109 203 ECOIVKOI Youghpan 53 308 15.4 16.7
ECSIVKO13 Red Dog 5.8 58.3 274 221 ECI3VKO102 Youghpar: 53 57.5 28.2 21.2
ECA3VKO14 Red Dog 37 157.6 753 16.2 ECO3VKO103 Youghpan 35 1496 70.2 205
ECO3VKO15 Red Dog 5.2 875 429 136 EC93VKO104 Youghpan 42 94.3 440 17.8
EC93VKO17 Red Dog 42 103.8 449 136 EC93VKO105 Youghpan 40 46.7 236 14.2
EC93vKO18 Red Dog 53 84.1 418 106 EC93VKO107 Youghpan 34 353.0 157.0 209
ECO3VKO19 Red Dog 36 3400 170.0 142 ECO3VKO133 Youghpan 37 868.0 4330 26.3

extent of acid generation (Figure 3). The mineralized
area is located on a topographic high which is coincident
with the "bull's cye" centre. Acid levels of waters within
the mineralized zone average pH 3.8. Within 500 to
1500 metres of the core of the prospect, waters returned
neutral (near background) acid levels. The limited range
of anomalous acidity in waters appears to reflect the
dimensions of the prospect and the amount of sulphide
mineralization.

The Goodspeed River watershed is located
southwest of the Red Dog - Hushamu - Pemberton Hills
mineralized belt. No significant mineral prospects are
reported within this drainage system. The area is
underlain by a thick package of Bonanza mafic to
intermediate flows, Parson Bay sediments and Quatsino
limestone. Sample results from this watershed
demonstrate the low acid-generating capacity of the
volcanic stratigraphy, the acid neutralizing ability of the
calcareous sediments and the implicit absence of
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significant acid-generating mineral deposits. Acid levels
in waters measured in this area average pH 5.7, reflecting
background to slightly above background levels (Table
2). Similar background levels were measured in the
Nahwitti River - Kains Creek area in the northeast part
of the study area. This watershed drains Karmutsen
basalt, Quatsino limestone, Parson Bay calcareous shales
and Bonanza volcaniclastic rocks. Disseminations of
pyrite and pyrrhotite in Parson Bay silistones and locally
in calcsilicate-altered calcareous rocks are a potential
source of acid generation. The buffering capacity of the
calcareous stratigraphy is not exceceded by the acid
generated, resulting in background acid levels.
Variations of acid levels in waters were tested
over the short term (daily) and at 3-year intervals during
the summer months of 1991-1993. Annual
measurements revealed a consistency in levels of acid
generated into streams over the 3-year period (Table 3).
Acidic waters (pH <4.0) draining mineralized arcas

British Columbia Geological Survey Branch



TABLE 3. WATER DATA FOR SAMPLE SITES WITH REPEAT MEASUREMNETS.

Sample Main 1993 Sampling 1993 Resampling 1992 Sampling 1991 Sampling

Number Drainage pH Cond. TDS Temp pH Ceond. TDS Temp pH Cond. TDS Temp pH Cond. TDS Temp
EC93VKOS59 Clasclagh 5.7 528 272 128 55 555 280 110 G54 550 274 1546 -— - b -
ECO3VKO62 Clasclagh 42 1735 B72 122 — - - - 43 1570 785 140 _— = == -
EC93VKOE3 Clesclagh 4.9 77 376 116 — - - - 5.3 711 355 1240 — - - -
EC83VKOE64 Clesclagh 3.2 4710 2400 1498 — - - - - - - - 41 2150 1070 129
ECO3VKOE5 Clesclagh 4.0 1400 6806 184 34 3600 1820 119 — — - — - - ---
ECS3VKOE6 Clasclagh 3.8 4380 2190 144 — - - - —_ - e —-- 3.8 2820 1490 285
ECS83VKOE8 Clasclagh 34 4580 2330 157 — - - e - - — - 31 4420 2190 43
EC93VKCE9 Clesclagh 39 2150 876 177 38 2510 965 128 _ s - - 39 1592 792 150
EC93VKOT0 Clesclagh 40 1893 930 175 - -- - - — - - -- 35 2550 1280 -39
ECO3VKOT1 Clesclagh 46 1325 637 201 — -— - -- — - .- - 3.2 4590 2440 1.7
ECO3VKOT72 Clesclagh 4.1 2300 1200 143 — -— - - 3.9 1842 929 143 — - e ‘.-
EC93VKO80 Hepler 67 675 332 156 — - -- - —_ - - -- 65 484 281 Q0
ECS3VKO81 Hepler 58 728 351 135 38 3250 1610 123 —_ - - -~ 41 1000 500 1.2
ECI3VKO81-1 Hepler 3.8 1900 950 128 3.7 3350 1610 123 — — - -- 39 1194 617 1.7
ECO3VKO82 Hepler 29 10170 5270 194 28 15660 7810 149 — - - - = - -
ECO93VKO112 Hushamu 57 645 319 177 65 817 373 120 48 531 254 137 —_ --- - -
ECO3VKOT3 Hushamu 5.7 785 379 180 &6 671 332 133 —_ -— - - 80 613 3698 106
ECO3VKO74 Hushamu 34 1579 V9.7 165 41 1314 655 120 — - - - 39 1632 818 3.1
EC93VKOB4 Hushamu 82 1057 823 190 «— - - = 4.5 924 449 195 _ -- - -
EC93VKO85 Hushamu 44 1539 725 128 42 1801 894 168 — - - - 43 1412 708 153
ECO3VKOB6 Hushamu 3.7 5090 2490 128 37 6870 3570 110 _ -— - - 3.7 539 273 g1
ECO3VKO89 Hushamu 54 48.7 247 135 - - - - —-_ - - -- 58 481 242 4.1
EC93VKO90 Hushamu 53 581 291 144 50 500 252 111 47 512 268 191 — e - as
ECO9IVKO91 Hushamu 3.7 1256 634 138 41 1352 638 123 -_— .- -ea -« 43 1200 611 3.7
EC93VKO92 Hushamu 3T 1810 902 119 38 1296 6498 109 _— - - -- 38 1765 820 145
ECS3VKOS3 Hushamu 44 TO6 352 134 -— .- - - — - - --- 4D - R
EC83VKOg4 Hushamu 38 2190 1100 119 — - .- - —_ -— -— -- 54 .- - 222
ECOIVKO53 Mt hcintosh 29 4200 1950 169 — - - .- 3.2 2590 1280 234 134 880 447 122
ECI3VKC114  Wanokana 5.6 60.9 333 168 48 489 228 130 — -—- - -- —_ - - .-
EC93VKDO128 Wanokana 45 1178 589 153 43 1143 570 14 —_ - - -- e - - -
EC83VKO100  Youghpan 54 556 276 179 — - - - 5.2 899 283 124 —_ - - -
EC93VKC106  Youghpan 35 4080 2030 171 34 4690 2340 1D 34 3470 1750 115 _ - - -
EC93VKO108  Youghpan 34 4490 2320 219 32 2950 1470 125 29 310D 1570 154 — - - --
ECO3VKC109  Youghpan 3.7 2500 1300 166 — - - - 3.1 2520 1240 24 — -- - -
EC93VKO110  Youghpan 29 18700 7540 171 28 7500 3790 117 - - - -- —_ - - -
EC93VKO113  Youghpan 4.2 1762 884 153 38 1039 ©51.7 124 &7 77.7 387 194 - - - --
ECO3VKDO134  Youghpan 5.6 -- - 241 — - a— - 55 7740 3850 2513 ——— - - -
EC93VKC156  Youghpan 4.7 1416 705 151 == e - 64 1457 702 7.7 - - - -
EC93VKO157  Youghpan 4.0 5890 18306 135 — e - - 3.5 2640 1310 161 — - - -
EC93VKO158  Youghpan 35 5300 2640 148 — - - - 35 2600 1300 165 — - - -
ECO3VKC158  Youghpan 35 5280 2900 158 — - - - 34 2400 1190 167 — - - -
ECS3VKC160  Youghpan 57 5220 2650 158 - - - - 61 3480 1740 "0d4 —_ - - -
EC93VKO161 Youghpan 6.0 929 467 176 — - --- --- 57 777 387 1941 —_ - - -
EC93VKO162  Youghpan 4.2 826 431 135 — -- - - 3.9 772 385 1.7 — - .- -
EC93VKO163  Youghpan 41 925 453 145 — -- - - 4.0 90.7 431 43 — - aen -
ECO3VKO97 Youghpan 45 1346 670 173 - - - - 44 1175 575 154 — - -— -
EC93VKO98 Youghpan 43 2250 1110 153 — —a s - 5.0 500 251 1.2 -~ - - -

Measurements resampled in 1993 are utilized to determine short-term variations during a heavy rainfall, annual rneasurements zre utilized

to document long term variations.

invariably return similarly low pH levels in ¢ach of the 3
years. Minor fluctuations are commeonly observed in
weakly acid waters (pH 4.0-5.0) . These fluctuations are
attributed to flushing of trapped acid or dilution of
acidity, either seasonally or daily., Because the pH scale
is reverse logarithmic, the addition of small amounts of
acid or the dilution of existing acidity in streams is more
casily detected at pH levels of 5 to 4 than at pH levels of
4103

Short-term variations were recognized during a
large rainfall in mid-August which lasted several days

and resulted in the flushing of major watersheds. Acid in

rocks and soils was flushed out concurrent with large
scale mass wastage by erosion of stream bank outcrops.

The result was a marked drop in pH levels in some crecks
(Table 3). In other stream systems dilution effects during

flushing by rainwater (pH + 5.6) was indicated by a rise
in pH levels. The rise or fall of acid levels in waters
during rainfall is dominantiy lithologically controlled.
Wanokana and Youghpan crecks were
considerably swotlen during the rainstorm. Water levels

Geological Fieldwork 1993, Paper 1994-1

rose from tens of centimetres to more thar a metre rear
the mouths of these creeks. The Wanokar a watershzd
drains an area of about 44 square kilometies. Water
measured near the mouth of this relatively large dra naze
system returned pH levels of 5.6 before th: rainstorny and
4.8 afier flushing occurred. The drainage system i3
dominantly underlain by a monzodioritic »luton
intruding Bonanza volcanics and volcanic lastics. Bise
metal bearing quartz veins, pyritic fault z¢ nes and
advanced-argillic dumortierite-bearing hy irothermal
alteration zones are reported to occur witt in the
watershed. Although these mineral depos ts are
potentially acid generating, neutral acid l¢ vels (pH £.6)
measured prior to flushing indicate acid a Ided to the
system {rom these sources is negligible. The decrease in
pH levels during rainfall is interpreted to 1w the result of
flushing of organic and inorganic generatd acid fiom
rocks and soils. An influx of organic mat rial and
organic acid is visibly evident as increase:. turbidity of
creck waters during flushing. The decrea: e in pH in
Wanokana Creek reflects the influence of the addition of
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small amounts of acid on waters with initially neutral pH
levels (pH 5.6).

The Youghpan watershed drains an area of
about 25 square kilometres and is dominantly underlain
by altered and mineralized Bonanza volcanics and minor
dioritic intrusions. Advanced-argillic acid-sulphate
altered zones occupy a large portion of the drainage arca
and host massive to disseminated pyrite and marcasite
mineralization (Panteleyev and Koyanagi, 1992).
Evidence of sulphide dissolution in the Youghpan
drainage system as the dominant source of acid
generation is provided by high sulphate levels (Koyanagi
and Panteleyev, 1992). Acid levels near the mouth of
Youghpan Creek measured pH 4.2 prior to the rainstorm
and pH 3.8 after flushing. Acidity generated by the
strongly mineralized and altered rocks may be trapped
within soils, joints, fractures and other open spaces. The
heavy rainfall flushes trapped acid resulting in an influx
of acid into the stream system. Substantial acid-
generating sulphide mineralization throughout the
Youghpan system accounts for the amount of flushed
acid which exceeds the buffering effects of additional
neutral waters such as rain and surface runoff, resulting
in the net decrease in pH levels.

The Hushamu watershed drains an area of about
20 square kilometres. Heavy rainfall flushing the system
resulted in a decrease in acidity with levels rising from
pH 3.4 to 4.1. Tributaries on the west side of the
Hushamu watershed drain the Mount McIntosh and
South MclIntosh arcas. These arcas comprise advanced-
argillic acid-sulphate alteration zones with significant
disseminated sulphide mincralization, Acid levels from
these tributaries average pH levels of 3.8, A relatively
unmineralized diorite intrusion underlies most of the
eastern flanks of Hushamu Creck. Tributarics draining
the diorite return dominantly background acid levels.
The decrease in acid Ievels after flushing is the result of
dilution by neutral waters draining unmineralized areas.
Hushamu Lake, at the headwaters of the Hushamu
watershed, has an average acid level of pH 4.3. During
the heavy rainfall an influx of lake water into the more
acidic waters of Hushamu Creck caused dilution and a
subsequent rise in pH levels. This rise is reflected by
measurements at a sample site located approximately 1
kilometre downstream from Hushamu Lake. Before the
rainfall, waters at this site returned acid levels of pH 3.7.
After lake waters overflowed into Hushamu Creek, acid
levels measured pH 4.1. The overall increase in pH
during flushing indicates the amount of acid flushed into
the system is more than offset by the addition of less
acidic and neutral waters.

CONCLUSIONS

Natural acid rock-drainage is generated from
altered and mineralized rocks into waters draining the
Red Dog - Hushamu - Pemberton Hills area. The
dominant source of acid is the dissolution of sulphides
contained within advanced-argillic acid-sulphate
alteration zonés as well as porphyry copper-gold and
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skarn-mineralized rocks. Within the study area, the
amount of acid generated is proportional to the amount of
sulphide mincralization. Detection of acidity several
kilometres downstream from the acid-generating source
is a also a function of the size of the mineralized system.
Acidic streams (pH <4.0) measured annually, returned
consistently acidic levels over a 3-year period.
Measurements of weakly acidic waters (pH 5-4)
fluctuated from year to year. These fluctuations are
attributed to flushing of trapped acid by scasonal runoff
or during rainstorms. Due to the pH scale being reverse
logarithmic, small changes in acid levels are more easily
detected in less acid waters. Short term variations of acid
levels in sclected streams revealed fluctuations to be
strongly lithologically controlled. Measurements before
and after a large rainfall illustrate the effects of flushing
of trapped acid. Acid levels increase or decrease
depending on the abundance of acid-generating and acid-
neutralizing rocks within the watershed.
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