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EXTENSIVE ZEOLITIZATION ASSOCIATED WITH HOT SPRINGS

iIN CENTRAL COLORADO

By WILLIAM N. SHARP, Denver, Colo.

Akstriet - Fxtenxive zeotitization that accompanied formation
of htumontite-feonhardite in <hattered quartz monzonite at the
base of Mount Drinceton in central Colorade i attributed to
her «Hica- and caleium-bearing alkaline waters reacting with
the conntey rock at depth. The shattered and altered rocks and
active thermal =prings ave velated to faults that ave part of the
upper Arkansas Valley xtrueture systeu. Apparent zoning of
mineral assemblages arownd the thermal cenfers seems similar
to that in other thermal areas. and is =igniticant in terms of
depth of fornntion, temperature, and pressure.

Two masses of shattered quartz monzenite are ex-
posed a= conspienous white, chalky blutfx along Chalk
and Cottonwood Creeks at the base of Mount Prince-
ton in Chatfee Connty, Calo, These blufl< ave ontstand-
ing mostly beeause of their color. which is largely a
result of abundant leonhardite. a calaiwm zeolite, ot
springs ssue from the base of the elitls in hoth creek
vallev=: the Momnt Princeton ITot Springs oceur af
Challs Clitts on Chalk Creek, and the smaller Cotton-
waod Flot =pring ocenrs alone Cottonwond Creek,

The purpase of this paper =10 briefly desceribe these
acenrrences of zeolitized rocks, and to give some sne-
gextion= ax to their poxsible geologic signilicance,

Challk Chitls ar Maownt Princeton ot =Springs hasg
been a Jundmark mocential Colorado for nuny vears,
The white, rabiblyv. steep bhidl= pvise several hundred
feet above the hot =prings along Challk Creek, and
forn the north wall ar the entrance of Chalk Ureek
canyvon, which 1= along the west side of the Arkansas
Valey efir Dy, Mount Prineeton, with an altitude of
14107 feet, towers over these ol which have heen
well known froan the time of Tegendioy Indian visits
be-fore white =ettlement. throngh the mining and rail-
rond operations in [s0'sc the grand hotel-spas i
Toeo's to the present ers of modern swinning pools
amdl comiercinl aveenhonzes. Indinns allegedly used
enves Tormed i the clils as steun baths and healing

<ite-, This bt of Talklore does not seem to be horne out

by the mnture of the eaves, which are not spring sites:
nevertheless, twe place s been an atteeetion for many
veiars, Tortense Hot Spring. one of the Mount Prinee-
fon Thot Springs group, 1= the hottest spring (23°¢7) 1
the State. s output s nsed Tavgely as a heat soures
i greenhonses and neantain homes,

Cottonweod Tlot spring, en Cottonwood  Creek, 2
fow milex to the northwest of Chatk Cliths near the
mawth of the nrrow ereek valleve marks a =mailer
of the Momnt Prineeton Tlot
Speings, but ssimilarly sitnated af the edge of o large

thermal area than thut

reolitized nnew expozed for soveral miles along Cotton-
wood Creek, The elib wadls of the valley ave sonsiders
ably fess spectaedar than Chalk Cllsc and ave gen-
eradly less zeohitized,

GEOLOGIC SETTING

The regional geology is genevalized i liguee 1 The
strnetuwral Dramework of the upper Arkansas Vallev is
emly parthy understood, The element= shown were com-
piled from field studies and photographic interpreta-
tion by the anthor, from recent mapping by Van Al
stine (19663 ol Brock and Barker (1968Y, and from
inpublished oravity work of T Case,all of the TS,
(tenlogical Survey.

The upper Arkanzs Valley north of Salida is nnar-
row, north-trending, downdropped trough hounded by
A complex of mostly normals steeply dipping faults,
Thix stroctural valley is aceentuated by a rmgeed
monntiin gyvstem on the west and rugged but less con-
spicnons highlands on the east. The east side of the
trongh s omarked eeneraliy by a single, narrow fanlt
zone. The boundary Fanlts on the west side appear to
he more complex, and the fotal downward displace-
ment is accumulated along several faults both parallel-
ing and transecting the vatley.

The sediments in the Arkansas Valley ave river de-
posits of the Dry Union Formation of Miocene and
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southern Rocky Mountains were beveled by an crosion
surface of moderately low relicf in the Late Focene; thus
the disappearance of great thicknesses of Oligocene vol-
canic rogcks across the nift must Dbe aseribed to Late
Tertiary uplift and crosion rather than to nondeposition,
Assuming an average clevation of 2,000 fect for the erosion
surface in Late Focene time, minimusm uplift was approx-
imately 5,000 to 12,000 feet during Late Tertiary time for
ranges cast of the rift and minimum subsidence was 4,000
to 24,000 fect within the rift. Numerous fault scarps cut-
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FIGURE 3.

Diagrammatic map cxploring the concept of extension and
drift affecting western North America. Black lines repre-
sent amount of cxpansion as if localized along a few
scparations. Small arrows rcpresent apparent vectors of
movement; large arrows the apparent resultant direction of
the movement. From Eardley {1962, p. 510) with slight
modifications along the Rio Grande rift.
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FIGURE 4.

Hypothetical cross-section of the Rio Grande rift. The
large arrows indicate direction and relative rate of drift of
continental plates. The small arrows indicate a force couple
acting on the east shoulder of the rift. Freund {1963, p.
340) has experimentally produced a similar, but sym-
metric, model of the rifting and “necking” of sand above a
convection cutrent in a heavy fluid substratum,

ting alluvial fans and Pleistocene surfaces indicate that
differential movement is continuing.

Synthesis of the above obscrvations suggests the follow-
ing model (see figs. 3 and 4): (1) the continental plate
west of the rift is drifting faster than the continental in-
terior (mantle convection may be pulling it over the East
Pacific Rise in a “convevor belt” manner similar to that
suggested by Cook, 1962); resultant crustal attenuation
formed the Basin and Range province and is splitting the
Colorado Platcau block away from the interior; {2) the
cast side of the rift developed greater structural relicf due
to riding up of thicker crust onto an upward bulge of
mantle material bencath the rift; (3) the west side of the
rift is relatively subdued due to crustal stretching accom-
panied by abundant normal faulting and a tendency to pull
the crust away from the mantle bulge beneath the rift; (+4)
stretching and normal faulting along the west side relieves
subcrustal pressure and provides avenues for ascent of mag-
mas and hydrothermal solutions; (5) longitudinal faults
along the east side are relatively tight and unconducive to
magmatism; westward drift of the interior block against the
mantle bulge tends to rotate the fault planes to a near
vertical position and may change the sense of movement
from normal to reverse; (6) northwestward drift of the
Colorado Platcau as suggested by Eardley (1962) causcs a
slight clockwise rotation against the nosth end of the mift
which tends to keep it tight and relatively free of vol-
canism; this may also explain the unusuaily high upthrust-
ing of the Sangre de Cristo horst along the cast side of the
San Luis Valley; (7) continued widening of the Rio
Grande rift in New Mexico appears to be accelerating vol-
canism and may cause the rift to cvolve into a lava-filled
trough similar to the Snake River nift.

THE UPPER ARKANSAS GRABEN AND
PROBLEMS OF THE NORTH END

North of the San Luis Basin of Colorado, a narrow.
north-tapering, sharply defined trough extends for at least
60 miles to the continental divide north of Leadville (A,
2). T'hat this basin is a graben with a tectonic style similar






