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Abslract

Numerous small fumaroles occur on tre rims and floors of the two strDmit craters of Mount Rainier
volcano. bur present H2s emission is resrricted ro ceriain furnaroles along rhe wesr rim of the we,t
cfarer and rn a rarge west crarer lce (harnber called the Lake Grorro. A LoDcenrrdtion o[ 5-,J ppm
H2S was measured in one lake Gtotto fumarole and 3.8 ppm in the Lake d;-;,*;[i;
Increased H2S co-ncentra_rions can precede eruptions by a fei_ months or years aad could firnish
an exffemely usetul method ot monrrorine volcanic activiw
- ̂  -slo_w. enlarge-ment of the Lake GtotrJ and a simirar ihamber in the easr crater slnce at Ieast
1971 indicates that heat flow has recently increased. The remainder of iti i.ZOO rn to", n.*
rhermal ice cave syslem. a. well a: the suifa.e of rhc overlying crater ic. fiil,6;;; r..nri"""a 

-"ir_
tually coosranr jn appearan(e. Thus,.rhey are in. dynamic eqiili-brium rith geothermal heat release,
rne rdte o' meltrng or rhe cave walls and cciling, rhe <low subsidence of rhe ice masse, rhar fill
the craters. and rhe anflud] alcumularioo and aolation of rnow at the surface.

Introduction

A portable gas analysis device purchased with research furL& from the Mazamas was
used in August 1975 to measure hy&ogen sulfide (H:S) fumes at selected sites in the
summit craters of Mount Rainier volcano Sulfur odors were locally inteose and ,,nau_

seating" when Srevens ald Van Trump made the first authenticated cljmb of tlle 4,j91
m high mountain ( Steverx, 1876, p. 526). The west cmte! fumarole that they huddled
around oo the night of August 17, 187O, rnay have been one of severa.l on tle west rim
of the wesr crater cufrendy emitting daectable suifur odors. However, the strongest
sulfru odors originare from a fumarole clustef on the floor of the Iake Grotto ( Fig. 1 ).
Sulfur fumes are also <xcasionally noted at about 3,990 m elevation on the Ingra,ham
Glacier where they emaoate from crevasses.

Although the locations of sulfuoru fumeroles were noted in 1971 wheo the Lake
G- rotto was first explored and mapped ( Kiver aod Steele, \972) , no aftem,pr ar quaoura_
.ive aralysis was made untii the summer o{ 1975 when rwo of us ( Snavely and Soavely)
spenr sevel days at the summit. Subsequent m€asuJemenrs will determine if, and how
much, HzS composition varies during the present repose period. Significaot increases
in sulfur, H:S, a{d other gases have occurred prior to volcaoic eruptions (Sato and
others, 1975; Toaani, T)72).If this increasc also occurs at Mounr Rainief, then a useful
tool for predicting its eruptions could be established.

Methods and Materials

A detector tube system was used for the analysis because it is lightweignt, compact, easy
to use, and gives immediate quantitative results after simple elevation and gas tempera_
t Pr"r.*ldd."rr: 139 Stratford Court #j0i, DeI Mar, C^llfoffaa 92014
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ture colrections are made. A detector tube is a sealed glass arbe containing chernical
leageots aod is most ofteo used in air pollution studies. The tube tips are bloken off
before al analysis and the tube is inserted into a pump that &aws a known quantity
of gas rhrough the reagents. The length of dle colormetric reactioq of the reagents is then
proportional to t}le concentlatioo of a specific gas. For example, HzS reacts with cupric
sulfate (CuSO+) to form blackish, brown'colored @p!ic sulfide (CuS).

The accuracy is within t 25 percent of true value where interfering gases such as
SO2 are rninor and the ternperatu.re of the detector tube is held between 0 and 40"C.
Multiple analyses of a single fumarole usually give results reproducible to within 10
pefceot. Numerous detec,tor tubes tllat m€.r.sure other gases are manufacnued, but were
unavailable to us during the expedidon. tve believe that our HzS and CO measurements
at least give reasonable order-of-magnitude estimates.

Some error may have been introduced by measurLrg fumarole gases with tempera-
tures as high as 80"C. The samples wete taken relatively quickly, so that dre rube and
feagenr telnpetatures wefe Proh-bly never in excess of the 40o C maxin]um recommended
by the manufarturer. If SOz concentratioas exceed 0.) percent, then some effor in the
HzS measurements will <xcur. Although SOr was not measured at Mount Rainier, meas-
riJements at Mount Baker (Kiver and Steele, unpublished) and Motrrt Hood (Phillips,
1935 ) suggest that SOz is absent ot very minor in Cascade volcanoes. A laboratory an-
alysis using a Naugton tube (Fuilayson. 1972) or other reliable sarnpler is needed so
thar the results of different aoalytical rnethods can be com,pared.

Results and Discussion

Gas sample sites at the crater surface (site 1) and in the caves (sites 2. 3, 4,ar,d.5) ate
shown in FiguJe I and ternperature and gas composirion in Tables 1 and 2. Site 3 is
the cave atmosphere in the large east crater Bird Room drat measures )4 x 36 m in area

TABLE 1- Fumarole andl or Ai,r Temperature ("C)

Fumarole Temlrrature Air Temperature

0
0

5
5

I
2

4
5

0
0
0
0
3.8 ' '

0
0
0
0
2

I

2
3
4
5

BO
l0

*NA
*NA

1 1

*Not applicable; cave air sample

TABLE 2. Fumatole or Air Compositiori by Volume (PPM)

cool co!' ", H2s(u)

0
0
0
2.0

20.0-30.0

0
0
0
) .1

38.2 5t .1-'

(a) Not corrected for elevation and temperacure
(b) Coirected for elevation
(c) Corrected for tempelature
(d) Value is probably in etror, see text for explanation

Hydrogen Sulfide Fumes at the Summit of Mounr Rainier 33



and 21 m high, and site 4 is the cave anxosphere in the west crater Iake Grotto, an
irregular ovoid measuring i2 n x 4l m and 10-14 m high. The floors of the Bird
Grotto and the Lake Grotto are 98 m and 39m, respectively, beneath the surfaces of the
overiying ice.

Gases from numerous fumaroles, as well as slowly circulating surface air, mix in
these large cave rooms and allow aver^ge gxs composition for the lower s€€rions of the
caves to be determined. The rooms are idcal sites for monitoring long-term changes in
volcanic emanations because they are relatively easy to find, and rheir narow coonec-
tions with upslope cave passages prevent rapid mixing wirh outside air. Disadvantages
are that increased volcaoic emissions may allow gases in toxic concentmtions !o accLulru-
iate; and, secondly, increases in volcalic emissicru are often acconpanied by rhelmal
incteases that could cause considera,ble eniargement or collapse of the upslope coonect-
iog passage, or cause the ice ceilings to melt cornpletely, theretry peflnitting rapid rnixing
with outside air.

Indeed, slow enlalgemenrs of the Bird and Lake grortces since they were first entered
in the eady 197O's is probably due to sn-nl[, r€cent heat increases. A depression in the
ice surface above the slowly enlarSing Lake Grotto has deepened from 5 m in 1971 to
15 m in 1975 and provides the first srufacc indica ion of cave enlargemenr. Th€ re-
mainder of the 2,200 m long geothermal ice cave system, as rvell as the surface of the
ice that fills the summir craters, is unch,enged.

The relatively constant level of ice fiii from year ro year since at leasr 1970 indicates
that snowfall at the summir is more than adequate, even in extremely light snowfall
winters like 1972-71. to fill the craters to normal snow levei. Ablation has not been
excessive dnriog this period of rirne; thus, rhe observed changes in the caves and the
deepening surface depression are nor climaticaliy caused.

The caves tllemselves furnisir a means of monitofing volcanic heat release because
a dynamic equiiibrium normally exists b.-trveen the anounr of hear released, the rate
of melting of the cave walls and ceiiing, the slow subsidence of the ice masses thar fill
the craters, and the annual acctmulation and ablatioo of snow ar rhe surface ( Kiver and
Steele, 1975a). Chaoges in the morphologl of the caves or the sutface of che ice fill
imply a :hange in one or more of these contlolling factors.

CO at the sumn-rit is absent excepr possibly ar site 5. Howwer, tbe presence od HrS
at site 5 invalidates the CO test rhere because both HrS and C0 cause a similar stain
in the potassium palladosulfite used as a reaqent.

H:S emission is presently low and restricted to the west crater. The 3.8 ppm in the
west ctate! cave atrnosphere is within the recommended 10 ppm limit for an average
8-hour exposure in industrial siruarioos end requires no special breathiog appalarus.

High conccntrations of SOz or NO2 gase-s could cause errors in H:S measutemenrs.

Judging from our unpublished anaiyses anrl the preliminary analyses of Motoari Sato
(pets. comm.) of the fumarole geses ar Mounr Baker, as well as analyses ar Mounr Hood
( Ayres and Cresswell. i951; Phillips, 1935), SO: and NO:u are absent or relatively un-
important in Cascade volcanoes.

H:S measuremeots of fumaroies at l\{ount Baker volcano, 208 km nordt of Mount
Rainier, before and during the steam erupticn that was first noted on 10 March 1975,
showed a drarnatic increase from.0074 percent dr.rring August i974, to slightly greater
than.15 percent on l1 Malch i975. rc 6.0--.- perlenr ir Seprernbcr 1975 (Kiver and

1 t  L - ; ,  p .  q n , ,  F l ,  . - . t  q n . - . t , ,



Steele, 1975b). At this writing it remains to be seen whether the drarnadc increase in
H:S concentation and steam activity at Monnt Baker plesages a more serious eruption.

'$?ith 
the exception of Lassen Peak, th€re has not been a Cascade eruption since the

19th cenrury. The repose period of one or more of drese volcanoes will probably ter-
minate io the near future, making documentation of gas composition, remperaftrre,
micro-seismic activity, aod other parameteJs an important goal. Gathering a rnaximum
amount of scientific &ta soon, coupled with continuous or nearly contiouous moniroring
when possible premonitory signs develop, may determine important eruption predicrion
criteria.
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