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ICE ON MARS -- SOMI EVIDENCE FROM VCLCANQES

carrnll Ann Hodges, U.5. Geologlical Survey, Menlo
Park, CA 94025, and Henry J. Moore

If the interprezaticns of currantly extensive
ground ice on Mars are correc: and Lf such condi-
tions represent earller stages .n the planet's
climacic evolution ae wall, the subsurface inter-
action of sagma and ice would appear to have Been
inaecapable. Maars and tuff rings would be pre-
diccable landforms, and some prospesctive martlan
analeqs for thcie tervestrial festures have, in
fact, been idantified. Other landforms on Mars
suggest that volcanism and qlaciatlon may have co-
inelded pariodically in time and space during the
planec’s hiseory and thus laply that surface lce
was more extensive in the pasz than it (s today.

Tablemountalns in Izeland and elsevhere have
bean intarprated as products of subglacial erup-
tions because of thelr shapes and/or petroleglc
compositions: they are characterized by steep-sided
pedestals of plllow lava and palagonite tuf? hrec-
cla, surmounted by subasrial bDasalt flows thac
componly formed seall shields.

On nars, festurss resechbling tablemountains, and
sloilar In dimension to the Icelandle seructures.
appear to be localized primarily in the plains
norch of 1

magmatic intrusions and subsequant eruptlons,

One of the parsistent conundrumss on Mars has
been an explanacion for the continuoys basal ee-
carpment arcund the enormous shield volcano Olyspus
Mons. There is no apparent counterpart dround sub-
aerial shields on Zarth. Howsver. o¢eanlc-island
shields do have breaks ln slape near sea level com
parable to, though not as sharp as, those at che
top margin of the tablemountains, and sinllar de-
velopmental stages have been ascribed to both the
subaquesus and subglacisl volcanic processas.

We propose that the basal scarp of Olyspus Mons
i3 analsgous to the stesp flank of tablemouncain
pedestals and indicates exiszence of a J=d<km
thickness of surface (ce in the Clympus Mons reqloa
at the time sruptlont began. The platfora on which
the nru,n shield Is bullt thus would consist of
28210° kn' of pillew lava and palagosite breccia,
with attendant dikes and sills,
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VOLUYE AND STRATIGAAPHIC VARTATION OF PLEISTOCENE
VOLCANICS SOUTH OF LASSEN PEAK, CALIFORNEA

Panelope A, Bouan (Earth Scleaces Baard,
University of Californis, Santa Cruz 9506%)
{Sponsar: B. €, Burchfiel)

Volecanisa {n the last .6=y in the raglon south
of Lassan Peak produced prede=inancly andeeice
and dacite, with minor basalt and rhyolite. Major
snd crace element abundances 3ad aineral analyses
ate organized according to stratigraphic succegy-
sion based on geologic field zapping of 180 km®,
Erupe{ive teaperstures vary from 828-1063%C
according to FeTi ouide calculacions. 0.8xa” of
dacite forms the base of the section in Mt. Te-
hama, an aroded scratocone iz the western and
central part of che ares; l.2em” of andesite un-
der 2.;':.-1 of dacite are at the base of 2 plac-
fors to the east that accumalated lika) of ande-
site (and minoc dacite) batveen .6-.loy ago.
™ flows wete ‘.“5, falded along WHW ames and
J dacice domes (1.8k3”) protruded through. A
en) dooe covers the vent thar produced the plgr-
form flovs. Meanwhile, Mc. Tehama erupted 20km
of early andesite flowa and pyroclastics, culmi-
nuln! in an exploslve eplsode producing only
J15um? of dedris that marks the end of sarly
stracocona scctvicy, The yeczgest group of [lovs
that issued from Mt. Tehasa coaslats of Llka” of
andesite, basalc, basaltic azZdeslte, andesite,
and dacite erupted in that order. After .25oy
ago domes exttuded cn the 55 anks of the dia-
sscted volcano and alsng its 5T quadranc contri-
buted another Bim” of faclte, ainor andesite and
rhyolice. Finally, Skz’ of rhyolite flows were
gxtrudad [rom & van: nov covezed by Lassen Peak,
and_a shisld volcano $km to the SC was bullc of
7Tka? of high Al basal: and a=iesite. St varies
Lron 200-800 ppm, V from 65-237 ppa, and Y from
14-23 ppa. ALl J elaneats se=d to Llacrease
slightly in early flows of M. Tehams while S5r
and V but not Y teach a high ralue snd chen da-
creass in younger flovs, with lovestc values in
daclze domes and rhyolice flows, Maxizum Y
‘alue i3 in dacice flows of ¥:. Tehaza,

—

—

ERUPTION RATE 1N CENTRAL ArEAICA ESTIMATED
FADn VOLUMES OF PUMICE DEPOSITS

pavid €. Bice (Dept. of Ceology/Geophysics,
Unlv. of California, Perkeley, CA 347120}
{Sponsar: Kin=Ylp Chun}

0*N; (f a subglacial analogy for them
spplies, an expanded polar ice cap could have hosted

uaclte pumice depesits in the Hicaragusn vol-
canic chaln are sasily identified In the Field
and lend themselves to fairly accurate volume
calculations; this suggests a simole method for
calculating tota) ruama eruption rates. Using an
esrirate for avarage mafic to 3iligic magma pro=
duc=ion(B8:1, Lased on fleld observations), the
total matarial erupted euuivelent to each dacite
deposlt can be caleulated. Such figures, come
bSined with radiomatric dates, have been used to
estimate the recant rate of sruptioco for 4 100«
kn, length of the chain,

For the last 11,000 years the number of large
pumice eruptions s wall known, and ylelds verl-
able and hign estimated total eruption rates of
1) to 46 h-l per million years per kilommter of
arc. Catending the time back to 400,000 years
vattar aversges fluctuatfons, but Incredses the
probability of missing significant depasits; for
that period the (minimum) estioated rate 13
7 wedimy/um,

Tha lover ranye of these flgures comperes reas-
onably with other workers' estimates for the cens
tral Andes and for island Gres. If a rough flgure
of 10 km}/oy/lm Iy sccepted for Hicaragua, the
visibla volune af all the present volcances s
Insufficlent to sccount for materfal erupted In
even the last 100,000 yoars; either the present
wdiflcay are extremaly young, or most of the
wrupted matarlal resides in thick windiicwn da-
posits Filling the ilicaragusn Depression.

o= THE HISTORIC ACTIVITY OF FUECO VOLCAND, GUATE-

MALA: COXSTRAINTS ON THE SUASURFACE MACHA S0DIES
AND PROCESSES THEREIN

Dennis P. Marcin (Michigan Technological Univer-
sity, Hosghton, ¥I 49931. Pres. address:
Hanna Resesrch Laboracory, Nashuauk, MM 53749)

The tises of activity at Fuega {(one of the mosc
active volcanoes In the vorld) since 1800 corre-
late with the accivicy of ocher Cencral American
volcanoes. Approxizately 0.7 ' of olivine-
bearing, high-Al:0; basalt has been efuptad since
1932, and about 1.7 ka' has been produced during
450 years of hiscoric vecords. A miniouwn of
13,000 years and a2 maxtzum of 100,000 years wers
required to bulld Fuego's cons of 30 km'. Within
the recent cluster of activity since 1932, rates
of gagas production have incressed to O.5n's-}
and the trend has been toward sore ecruptions
({shorter reposes) of progressively movre =aflc
basalt. 47% of the eruptions occurred within 2
days of the forrnightly tidal saximum and 363
occurred vithin 2 hours of che semi-diurnal aini-
maz of the vertical tidal gravity acceleracion.
Thus the maxisus coapressional componenc af che
tidal cycles can trigger an eruption at Fusgo.
Eruptions with higher effusion rates produce
larger voluses of matertals. although they only
last 3 few hours. A threshald volume of 10%a' 1s
involved in a vulcsnlan event. It also appears
that less than +200 = depch of magaa {8 expelled
from Fuego's [issure vent durlng one vulcanian
eplsode. The 20-70 year cluaters of sccivity
beginning ac 80-170 year intecvals are intec-
prezed 43 the ascent of primary batches of magms
ascending to the secoudary chamber and erupting.
The oode of asceat (viscous sphare vs. dike-1like
body) from the deeper (816 k), large (1 ka’)
primary chagber inca the shallover {2-3 k=),
saaller (.1 km'), dike-like secondary chamber
may be s cricical factor im determining tha com-
posizion of the lavas. [g asy also explain the
andesize-basalt cransitlon at Fuego and che ba-
nalc-andesite polarivy of Fusgo to Lta twin,
Acatenango,

RECENT RATE OF MACHMA SUPPLY TO KILAUEZA
VOLTAND, HAWALL

Daniel Dzurisin (4.5. Caslogical Survey,
Havaiian Volcano Observacory, Hawalf 96714)

The rate of sag=a supply to Kilaues Volcano
during four long-lived eruptions since 1952 wvas
teported by §u.|ason (1972) to be nearly constant
at 9 x 10° a’/2o. Svanson argued f{rom several
lines of evidence that thia supply rate applles
to ponerupcive periods as well and cherefore rep~
resants the steady-state supply to Kilauea, ac
least over tise scales of a fev decades during
periods of quisscunce at neighboring Mauna Loa.
fesults of high-precision gravicy surveys and re-
Lated geophysical observazions ac Kilausa ducing
1975-1977 indicate that, after & local ¥=T7.1 sarth-
Guaka in Noveaber 1973, sagma vas dul.lwg-d to the
suzaic reglon at & sean race of %3 x 10 a’/s0 un-
il June 1976, agma then galned access to the east
rifc zone, vhere 1t accusulated at roughly the same
rates until sn etuptlon thers in September L977.
These tesulcs suppart the conclusion thac sagma
has b¢en deliveted to Xilaues at 2 nearly constant
rate during cthe past 23 years. Hovever, it ia
clear Irom the histarie record thac only 2 small
fraczlon of the izplied 3agma supply has been ex-
truded subasrlally since thae beginning of ctha 19ch
century. A possible source of this discrepancy is
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the unkmown volume of magsa involved in subagueous
wruptions or shallow intrusiens, At least four dis-
crete intrusiona ints Kilauea®s wasc cifc zone oc=
curred during 1973=1977, and sumait i{nflazion te=
ez3ins {nceroittenc and relacively weak. Therefore,
aost magos deliversd £o Kilaues during the past 44
sonths probably resides in shallow searage within
the east tift zooa, providing a significant poten=
cial for future erupcions In the ares.

Swanson, D.A.,1972, Magma supply race to Kilauea
Vcicwo,l!!!-l'ﬂl.ﬁ:llmn.ﬂ.lﬁD—l?D.

FICIIT SESLOCIC INVESTICATICHS ON HUALAZAL
YGLOATD, HAWALD

Aichard 8. Moors (U.5. Geological Survey, Hawallan
Volcana Observatory, Hawvali 36718}

Meyer Rubin

1iat €. Spiker {(both at: U.5. Cenlogical Survey,
z{caal Center, Reston, Virginia 22092)

Hualslal Volcanpg, on the izland of Hawvall, covers
e eres gf 900 k=? and has & subaerial voluze of
10723, Its last major eruption oczurred in

Vents are cencentrated along tva rift
that strike 1 L5% @ and 0 10° ¥ and have &
length of -0 ka. Vent depasit: are commen-
ader and 3patier cones but also inslude satel-
iz ahields, suggesting relatively long-lived
IﬂE phreatic debkris. Recent geologic
thz 4azing tndicese that 1) =ssz of the
sirface vents 4 flows are Holocens; 20 approxi-
y 20 z, 10 :1 of basalt have been erupted {n
* 10" years; 3) at least 6 major erupifons
segurged in the lust 500 years, exiruling s-
et 1V n f basali. The rste of oagma 3upply
2 %e mantle gource volywe o the surfl =§ dur-
i=¢ Holocene :ize has been about 2 x 108 = fye
2% o7 that caleulated for Kilaues Voleans (Svan-
12, 1972). Petri.chem{cal variations s=ong al-
Yaolc Sasaltic roevs and the development af tras
2ayte suggest that lov-presaure fracticnatier
7o33ibly in & shalliov zagna chaster, i
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FITZVERY OF DATABLE CHARCOAL PROM BENEATH YOUNG
LAYA TLOWS <~ CUIDELINES FROM HAWALI

seia B, Llockwood (U.5. Geological Survey, Hawail
tonal Park, Hawali 96718)

Peter ¥. Lipman (U.5. Geolngical jurvey, Colerade

8c22%

An understanding of longsterm eruptive rates of
particulss volcances requires that the absolute
a5e of prehistoric lava flovs be dacermined. For
youg flows, thls sesnt that Baterial sust bs re-
czrered for carbon-14 dating. Technigues for che
recovery of charcoal from bensath young lava
Ilzws have besn daveloped during studies in Mawall
ai=ed at underatanding the prehistoric {(pre=1B00}
sreptive hiscory of Mauna Loa and Xllauea Vol-
carses, Studies by workers in the fire preveation
ard lnvestigaticn field shown that charsoal
formstion is & rate-dep process lled
prizarily by tempecature and duration of heating,
as well as by the solsture contant, density, and
size af the original wood. Excavationi beneath
historic flows show tut charzoal forms wherever
wood is quickly buried by lava but generally

=78 to ash scon after formation. Charcosl.
orce forned, iz presarved only whers circulation
of oxygen Ls restricted, or whers tamperatures
remain balov that rejuired for charceal lgnitlen.
¥i3h an understanding (and application} of these
fagtors, carbonlized material, wapecially roots,
cas be routinely ctfained froa beneath all parts
of ;akoehoe flaws and from under margins af aa
flsws wherever lava has covered brush or forest-
cerarad soll.

RATIS OF VOLCANIC ACTIVITY ALONG THE SOUTHWEST
LIfT ZONE OF MAUNA LOA VOLCANO, HAWALL

Pezar U man {U.5. Caological Survey, Desver,
Calorado B0223)

flaw-by-flov mapping of the S3-kw=long
southwant riff foae and adjacent thnihol Mauna
Lea Voleano, Hawall, and sbout 50 new “7C dates
on sharcoal from bansach these flows paraic
ssztzates of rates of lava accumulation and
wolcanic growth aver ctha past 10,000 years.

Tie sequence of hiscocic eruption slong cthe
s0.28west rif:z zone, Beginatng in LO68, shovs a
gecaral pasttern of uprifc migration and
Loiteasing eruptive ITequency and voluma,
culainaclng tn the greac 1930 aruption. Mo
avezt comparable ta 1930, (n terms of voluee or
vezz length, L3 evident for at least the
previous 1,000 years. Rates of lavs
scmasulation during the hietoric perliod weze
savaral tisas higher than average razas for the
preteding saveral thousand years along the
sozshwest rift gone and sdjaceat flasks. Races
of lava accusulacioa along the zone have beea
susequal to those of sczive Xilaues Volcaso,
durizg the hisctoric period but wate much lover
to prehistoric time (Kilauea daca by B, T.
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