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Geologic Sources of Asbestos in Seattle's Tolt Reservoir

Abstract
\Valer iiom Seattle s Soulh Fork Toh Reser\oir cont.rins chrlsolile |nd amphibole asbe\ros tjbcrs. derived tiom natufal \ou.ccs.
L-sing optical Petrogruphic icchniques X'ray dilliuction. and scanning electron microscop\'. r'e i(lcntiitell rhe gcoiogic sourcc ol'
these asbestifonn ninerals !lilhin the $arershcd. No asbe\ros ras lbund in the bcdrock underl!ing the i'atershcd. while borh
chDsotile and anphibole fibers wcrc tbund in sedimeDts tmnspoacd b) Pnget lobc ghci.rl proccsscs. These inatciuls. lvidel!
distribuied lhroughoul the loller \!atershed. !lould be dilicult to \cparrte ffom lhc rcservoir sedimcnls. The nrobable source ot
this asberlo\ is ir pods ofultramirlic rock occurring nofih ofthe $aGrshed. Becausc asbesms js conlained in \L'idcsDre d puscl
lobe glacirl materirls. it ma) be nrtufxlly distributed in othel $def\heds ilr thc puser Sourd are.r.

Introduction

Located in the Cascade Mountains of Washing-
ton. about 50 km east of Seattle, the South Fork
Tolt Reservoir provides approxi mately onc-third
ofScattle's water supply. In 1975, the U.S. Envi-
ronmental Protection Agency (EPA). while study-
ing asbestos contanination in water supplies. dis
corercd that the Tolt Resenoir contained asbeslos
libers. Reservoir watels contained both chryso-
tl le (up to 1.6 X 106 fibers/l iter) and amphibole
(up to l.9 X 106 t' ibers/l iter) asbestos fibers vith
lesser amounts comnonly found in tdbutary
streanls. However. a point soulcc could not be
determined for eithel type of asbestos, indicating
widespread distribution within the watershed
(Kirmeyer 1979: Millerc er al. 1979).

Many studies have demonstrated a link be-
tween airborne asbestos tibers and the increased
inc idenec  , ' l '  r r .be . tos i .  rn r j  t l r ious  ( rn (er )  i l l
humi rn '  rc . f .  K i tne  lqq l r .  A i thouSh gr . r ro in res-
tinal cancer has becn linked to occupational as-
bestos exposure. no definit ive data on the ellects
of drinking asbestos rppears 1(} exist fo[ eithcr
animals or humans (U.S. EPA 1980; Polissar et
al. 1913.1). Neverthcless. the Seatrle Warer Depaft-
ment. with a gralt from the U.S. EPA, developed
methods of filtering asbestos t'ibers from the wa
lcr supply (Kirmeyer 1979).

Asbestos appears to be widely distributed
within thc T(tt watershcd and no signilicant hu
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lnan asbestos-polluting activities have affected
thc area. This indicates a natural source of i$bes
tos contamination; determining this source could
help minimize reservoir water contanrination. We
conducted a study to determine the natural geo-
logic source of asbestos within the walershed.
Asbestiform rninerals occur olly in specitic rock
types such as ultrarnafic rocks that have been
metamorphosed and sheared (Deer et al. 1963a
and bt Hodgson 1977; Whiuaker 1979; Wicks
1979). Wc considered two possible sources of
nrturally occurring asbeskts: one from bedrock
in the $ atershed and another frorn glacial mate
rials transported fronl outside the $,atershed by
glacial and fluvial processes.

Geologic Setting

The South  |  , ' r k  To l r  Rc .er ro i r  occup ie .  a  . recp-
walled glacial valley which trends east-west and
rises from about 500 m in elevation on the valley
t'loor to 1500 m on thc adjacenr ridges. On rhe
wesl cnd ofthe Ieservoir. late Pleistocene Puget-
krbe glaciation lirrrned a moraine near the presenl-
day dam site. Thc rest of the watershed shows
the effects of Pleistocene alpine glaciation.

Bedrock

Thele are three major bedrock groups within the
South Fork Tolt Reseruoir wate$hed (Figure l)
that ha\c been described by Tabor et al. (1993).
Pre-Tertiary nrelange rocks, composed of
metagabbro, metadiabase. metatonalite and argil
lite, cfop out in the center ofthe watershed. Over-
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Figure l. Geologic mrp of the South Fork Toh Reserloir lvatcnhcd showing samplc localions. Ccologic unils adaprcd ironl
Booth ( 1990) and TrLbor et al. ( 1993); esrirl,rted cxtcnl ol proglacial lakc lrorn Knoll ( I9671.

lying this gloup arc Tcrtiary volcanic rocks. pre
dominantly andesites. that are exposed in the
westen pofiion of the watershed tnd surround
the reservoir. Intrusivc rocks, tonalite and grano
diorite from the Tertiary Snoquirlmie batholith as
ue l l  r r .  gabbr , ' .  l re  [ , . rund rn  lh (  ca . l ( rn  pon ion
ofthe watershed. The melange rocks are thc only
group ljkely to contain asbestifonn minerals. Small
ultramafic pods of serpentinized peddotite have
been found by Tabor et al. (1993) in melange rocks
east of the Tdt watershed (Figure 2). within the
watershed, horvever, no ultramafic rocks vere
mapped by nrbor et tl. (1993) and none were found
durirg our field investigations.

Glac ia  h is to ry

The history. distribulion, and composition of al
pine and Puget lobe drili are described in detail
by Knoll (1967) and Booth (1990) and are sum
marized brielly here. Alpine glaciation in the South
Fork of the Tolt rcached its narimum extent during
the Evans Creek stade of the Fraser Glaciation,
belbre the Vashon PugeClobe advance. Front a
probable source in the castcrn edge of the water

Quatemary alpine glacial, talus, and alluviallan deposits

Quaternary mora ne, Pugei Lobe glacialon

Terliary ntrusive rocks

Tertiary volcanic rocks

Pre-Torliary melange rocks

Explanatlon

n
tr
il
f ' l

n

shed, alpine glaciation reached as tu west lls il
bedrock l ip near the site of the present-day dam.
The broad pass between the eastem edge of the
Tolt watershed and the Money Creek drainage
was probably occupied by glacial ice. and the ice
flow divide may have been east of the present
topographic divide.

Durin-q thc Vashon stade. thc Pugcl k)bc of thc
Cordilleran ice sheet blocked the South Fork Tolt
Valley at the rangetront. causing the river to pond
eastward behind the glacier. At thc icc margrn. near
dre site of the Tolt Dam, glacial dritt fbrmed a mo-
rainc and meltwater flowed into the proglacial lakc.
According to Knoll (1967), this lake reached an
altitude of at least 600 m, slightly higher than the
prcscnt-day reservoir level (Figure l).

Alpine drift

Alpine drift \\"ithin the South Fork Tolt Valley
consists oftill, outwash. and glaciolacustrinc clays.
Alpine till, preserved in tributary stream valleys.
extends from thc castcrn portion ofthc watcrshed
to near the Tolt Dam. Alpine-derived glacio-
lacustrine deposits are interbedded with Vashon

. Rock sample

d Surticialsample
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till on the moraine at the rangefront. Blue-gray
sllty clays overlie alpine till and are divided inro
two units by Knoll (1967). The lowcr cJays are
believed to bc composed ol proglacial lake sedi-
ments derivedlion alpine nratedal. while the upper
clavs were dcposited by meltwater liom both al-
pine and Puget-lobe glaciers.

Puget lobe drift

Vr .hon t i l l  f r ' , ' n r  pu t . , - 'on .  p l tc iJ t i r rn  ocqg15 in
the nloraine at the mouth ofthe valley. along u'ith
outwash sauds ancl gravels. The ti l1, ccurposed
of rounded gravels set in a clayey sandy matrix.
has been traced to an altitude of 700 m al the
rangetront. Puget-lobe advancc rnd recessional
outwash are exposcd southeast of thc Tolt Dam.
Glaciolacustrine material, partiallv derived l'rom
Puget-lobe glaciation, overlies alpinc ti l l  nearthe
east eld of Lhc reservoir (Kloll. I 967 ).

Analytical Procedures

We collected and analyzed twenty-three bedrock
and cxotic cobble samples and six glacial drit i
samples tionr the Tolt u'atershcd (Figure l). Our
proccdures uere designcd to veifv the prcsence
or rbsence of asbestos libers in gcologic materi
als: rl,e did not preciscly determine the quantity
of f ibers present. A completc description of thc
sxmpling infomration and analytical procedures
can be fbund in Reid and Craven ( 1979).

For selected rock santpJes. rl''e made and ex-
amined thin scctions tbf asbestif irrm or related
minerals. Ifa sample appcared to potentially con-
tain asbestos. cspecially chrysoti le. we also per-
l, 'rrneLl X tay dr ifrrcli n und cleclron mi( rr ' \cope
scans. We treated glacial deposit samplcs to re-
move organics and iron and thcn pafticle size sepa-
rrted them using the methods of Jackson ( 1969).
We furthcr separated the silt and clay fractions
by density using heavy l iquids. Chrysoti le. ar D
- 2.55. septuated with the light tiaction (D < 2.58).
while an.rphibole. at D = 3.0-3.3, separated with
the heavy lraction (.D > 2.92).

We examined sclect samples of thcse density
fractions using powder X-rav dift iaction (XRD)
and scanning electron microscopy (SEM) tech
niques. Spccimens were usually sci, inned at be-
tween 2500 and 5000 X, with greater magniflca-
tlon uscd to positively idcntify rnorphological
teatures and photograph fibers.

Morphological aspects can be very impofiant
in determining l iber mineralogy (Asher and
Mcgrath 1976: Gravaft et al.. 1978). A 3:l or grearer
length to diameter-ratio is commonly used to de-
finc asbestos fibers (U.S. Dept. of Health and
Human Scrvices 1980). although asbestiforrn fi-
bers often havc ratios l0:l or greater. Chn'sotile's
i ihruus tblm is ircrtecl h1 nragne.ium ocirhedrll
and silica tetrahe&al shcets rolled into hollow tubes
or scrolls (Dccr et al., 1963b: Yada 1967; Yadr
1971). The edges of thc rolled sheets ot'ten cause
small flbers to have I characteristic gr-oove run-
ning along their long axis. Amphibolcs tend to
fbrrn fibers h;iving characteristic cleavage angles
(Deer et al. 1963a; Whittaker 1979).

Results

Bedrock

We examincd six samples of volcanics. l lve of
metadiabase. four of metatonalite. and eight
cobbles ofvarious origins. including gabbros and
granod ior i le \ .  \ \  i th  thc  pc t rL 'c r r rph ic  mic r , ' . . . , rpc .
We did not observe any asbestiforrn minerals in
the thin sections. although many had stubby. pris-
matic amphiboles. We also X rayed the light den-
sity ffaction of nine samplcs; none yieldcd a pat-
tern sinilar to chrysotile. In addition. we scanncd
the light density fraction tiom five specimens (two
volcanics, three metadiabases) using the electron
microscope and notiber morphology was observcd.
We found no asbestos in the tweDty-three rock
samples examined.

Glac ia l  d r i f t

We pertbrmed XRD analysis on three clav and
thrce silt-sized. light-density hactions fioln Vashon
till, glaciolacustrine clav. and alpine till. The di1-
liaction patterns obtained fron thcse yielded in-
deteflninatc results. While the patterus closely
rescmbled chrysoti lc, other minerals (most nota-
bly kaolinite; have similar patterns. SEM analy-
sls later rcvealed the greatcst propofiion ofthese
samples to be kaolinitelike plates. Under thcse
circumstances. XRD could not conllrm or denv
the  pre .enec  , , l  chD .o t i l c .  S imi l . r r  p rob lcm:  ha  r i
been encountered by othcr workers (Mangia 1980).
XRD detection l imits lbr chyrosti le or anphib-
ole asbestos in mixtures with other ntinerals are
in the 0.5 to 2 wt. 7r range (Cuthrie 1993).

Asbestos in Seattle s Tolt Rescrvoir 5 t



Wc scanned the light aDd heavy density trac-

tions tiort both silt and clay sizcs ol six glacial

clrif\ samples usilg SEM methods. Specjmens
prcparecl irom the Vashon moraine' outwash' and
g. l : rc i , ' l r .  u . t r ine  111x1c1 i11  shuued th '  h ighet l'  
m U n t \  o t  h , , th  e  h I r  v  ' t i l c  und i rmph ibo le  f iher '

Lesset amounts of chrysoti le and amphibole as

bcstos iibers were fbund in alpine till liom a lo-

cation belo$ 6'10 m in elevation. No asbesti iorm

I l ine f i r l \  uc re  l  u l l J  in  thu  t tppcr  r lp i t le  mor ' r tne

matcrial. Al) hcavy density tractions also contained

some non-asbestilbrm arnphiboles

Discussion

Dis t r ibu t lon  o f  asbes tos  w i th in  the

watershed

In bedrock within thc South Fork Tolt Reservof

watersbed. wc found no evidence of asbestos'

Howevcr. all mateials derived directly lrom the

Puget-lobe glaciation lhat we examined cont ined

boin chrysoti le and amphibole asbestos Two
''mixed' samples (alpine ti l l  below the Vashon

ase lake lcvel) also contrined chrysoti le and am-

piibnl" f ib"tr. though in conspicuousll '  Iesser

amounts than Vashon ti l l '  outwash, and

glaciolacustrine sediments. In addition, chryso-

tile and anphibole asbestos streamwater concen-

trations repofied by Kirmeyer ( 1979 ) indicate that

tributariei in contact with Puget-lobe drift or
glaciolacusnine sediments conlain asbestos tlbers'

bl thesc tributaries. highel asbestos concentra

uon\  r \ r rL  lou t t , . l  i t t  th , ' . c  in  the  ues tern  p t \ r t ion

ol the $ atershed.

Within thc watershcd, asbestos libers are dis-

tributed in glaciolacusldne sediments This makes

the extent;fthc Vashon-age proglacial lake a sig-

nificant fackrr inUuencing the extent of osbestos

clistribution. Knoll ( 1967) fouud evidence that the

lake reached an altitude greater than 600 m (Fig-

ure 1). Vashon ti l l  has bcen traced to an altitude

of 700 n near the dam of the proglacial lake ln

orinciplc. thc maximum possiblc lake level could

ilc cl(;e to that altitude. although there is appar-

entl\ no direcl sedimentary or geomorphic evi-

clence to suppolt this Wc fouDd asbestos tibers

in a samplJof 
"mixed" alpine l i l l  taken ftom a

streancui at approximatcly 640 m clevation, sug-

cestinc that either previous continental glaciation

ir theiroglacial lake lcvel reached this elevation

Il1 tbe Tolt watershed there is little chancc oj

phrs ic r l l l  i so la t ing  usbe: ' tos  hcar ing  muter ia l '

i ro tn  the ' * , t t " ,  \ t lpp l )  h rc lu \c  g l rc io lueu ' t r ine

materials, partially deri\ed lrom Puget lobe

slaciation. were used to seal the reservolr. Any

ictir it l  thrt incrcl.e:' ertr: ' ion Jnd mir: '\ ua't ing

of these widespread. unconsolidated materials

rvithin the uatershed would l ikely incrcase

waterborne asbestos.

Source area of asbestos

The bcdrock source of thc asbestos found in the

Pug. r t  I , ' be  d r i l t  p rohr rh l l  l i . s  tu lhe  n( \ r th  o I the

T.r"h *rrtershcd. in the Nonh Cuseades The Nonh

Cascades contain widesprcad setpentinizcd ultra

mafic porls. some of which have asbestitbnn min-

erals (Misch 1966: Vhay 1966: Brown l987lTa

bor et al. 1993). North of the Tolt reservoir' the

Pilchuck, Sultan, Sti l laguamish. and Skagit Riv

ers all drtrin tenancs of the North Cascades. and

all contain asbesbs tiom indigenous sources (D'

Dethier, oral communication 1979). During the

Vashon-age glaciation, asbestiform rninerals prob-

ablv reached the Puget lobc from sources rn the

Cascades by combined alpine glacial and fluvial

Drocesses. However. signiticant southward gla-

cial transport of this material was probably mi-

nor. Mosi Puget-lobe drif i only contains 5- 157'

clasts tbreign to the locd drainage (Booth 1990)

Within the South Fork Tolt watershed, no ul-

tramafic rocks are known to crop out' althougb

some may occur under sudicial deposits Tabor

et al. (1993) mapped ultramafic rock occurrences

about 5 km east of the watershed above Money

Creek and about l0 km northeast of the water-

shecl in the Merchant Peak area ofthe Skykomlsh

River watershed (Figure 2). Alpine glacial trans-

pofi of ultramrfic naterials liom tbe Moncy Creek

watershed over the broad pass lnto the eastern

Tolt watcrshed is unlikely bccause the required

icc llow divide would have been located in an

area of the Money Creek drainage that is prcs

ently about 5 km east ol and 400 rn lower than

the pass.

Thc most l ikely source of asbestos is the

Skvkomish watershed, \\"ith transpofi () the Tolt

rvatershed by PugetJobe glacial or glaciofluvial
pruee*er r FiBure 2 r' During the comPlex reccs-

. ionr l  h is lo r )  , , f  VJ .hon- i lgc  g lac iu l ion '  \ \ r le r

draining fiom nofih and cast of the Skykomish

valley was irnpounded in a lake occupying the
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Skykonish valley (Booth l990). This lake would
hrve collected water and sediment trom areas wrth
knorvn ultramafic pods such as the Merchant Peak
arcr ancl thc Sultan River basin to the nonh. Dur-
ing most of the Vashon age glaciation. the only
drainage from tlris lake spil led southward through
a trough along thc rangcfront. cvcntually rc:rch-
ing the Snoqualmie rvatershed south of the Tolt
(Figure 2). Subglacial and subaerial passageways
in this trough providccl somc olthc sediment tirund
in recessional deposits do\\"nstream lion the
present day Toltrcservoir (Boolh 1990). Flow from
the Skl'komish valley lake probably provided
scdimcnt. and with it asbestos. to the proglacial
lake then occupyin_r the Soulh Fork Tolt reservoir
site.

Reg ona l  s ign i f  cance

Asbestos-bearing ultramafic rocks in watersheds
of the North Cascades may provide a nilturally-
occuning source of asbestifbrm minelals. In the
South Fork Tolt Reservoir wiitershed, our results
slrongly indicale thal boLh chrysotilc and amphibolc
asbestos libers were tnnspofied into the water
shed by PugetJobe glacial and glaciofluvial pro-
cesses. and u,ere not derired tlorl any bedrock
source within the watcrshcd. Thc occurrcncc of
asbestitbrn ninerals in rvidespread Puget lobe
glacial nraterials has regional significance beyond
the Tolt Rescrxrir watershed. For example. the
nofih forks of the Tolt and Snoqualnfe Rivers
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