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SURFICIAL GEOLOGY 
HOTCHKISS-PAONIA RESERVOIR AREA 

DELTA AND GUNNISON COUNTIES, COLORADO 

GENERAL DESCRIPTION 

The Hotchkiss - Paonia Reservoir area inc l udes the 
North Fork Gunnison River va ll ey and its tributary areas 
in northwestern Gunnison and eastern De l ta Counties . Six 
contiguous 7. 5- minute quadrang l es are in the study area . 
They are t he Gray Rese r voir , Bowie , Somerset , Paonia 
Reservoir, Hotc hkiss, and Paonia quadrangles. The 
surfi c i al geo l ogy of each quadrangle, mapped at 1:24, 000, 
represents t he distr i but i on of geo l ogic mater i als for me d 
during t he latest per i od of geo l ogic time, which is known 
as the Quaternary Period . These maps of su rfi cia l geo l ogy 
show young geo l ogic deposits wit h common characteristics 
and i dentify potentia ll y hazardous geo l ogic conditions. 
Ol der bedrock is shown on these maps wh ere surficial 
deposits are very th in or l ack ing. A brief general 
descript i on of hazards associated with t he surficia l 
deposits or bedrock i s inclu ded in t he Ex~l anation of !:1!P_ 
Units ; however, t he companion geo l og1c - azards maps 1n 
C. G. S. open - file report 78 -1 2 should be consulted for a 
more detai l ed description . 

The surficial and bedrock geology maps should be used 
to determine the general geo l ogica l setting of any 
proposed l and - use change or deve l opment activity . These 
maps are not intended to be a thorough analYsis of al l 
geo l ogic aspects and are not intended to re pl ace detai l ed 
fi e l d investigat io ns. 

The geologic setting of the study area is relative l y 
simp l e : flat - lying Cretaceous and Te r tiary sedimentary 
rocks are locally i ntruded by younge r igneous rocks . 
These sedimentary and ig neo us rocks were sculpted during 
the l ate Tertiary and Quaternary by erosional processes 
that formed the present mesa anct mountain l andscape . 
Various t hin surficia l de pos its, probab ly related to 
glacia l stages , suggest that fluvia l and mass -wasti ng 
activities were t he dominate geomorph i c processes in the 
for mat ion of t he pre sent l andscape . 

Gl acial , col l uvia l, and all uvial deposits are shown 
on the maps and desc ribed in the Exp l anat ion of~ U~its . 
Th e relative age and cor r el ation of t hesea epos1ts 1s 
sho wn on the chart tit l ed Corre l ation of ~ Units . 
Gl acia l deposits incl ude those su rf1 c1al umtSthat were 
transported and deposited by ice movement or by glacial 
me ltwaters . Most of t hese deposits pr obably are l atest 
Pl eistocene in age , alth oug h ol der deposits may be present 
l oca ll y . Alluv i al deposits are c l ay to bou lder - s i ze 
materia l transported and deposited by running water 
(f l uvia l processes) . The abso l ute age of t he se deposits 
is unknown; however, t he map uni ts are pl aced in a genera l 
time frame work based upo n available geomorp hic evidence . 
This evidence includes soi l development, in - place 
weathering of igneous-rock fragments, and the position of 
the deposits above moder n streams. Diver se l it hol ogy of 
the deposits, caused by ext r eme va ri ations in l oca l source 
areas , makes the age and carre l at io n determinations 
difficu l t across the entire map ped area . The age and 
co rrel at i on of t hese alluvia l deposits shou l d be 
considered on l y approximate . Ca ll uvia l deposits generally 
are un conso li dated soi l and/or rock detritus deposited 
chief l y by mass - wasting processes . Relative age of these 
deposits is noted by subsc ri pts that ran ge from 1 to 3 
after the map symbol. Deposits with subsc ri pt 1 for med 
during t he Ho l oce ne; whereas 2 and 3 in pa rt rep resent 
l ate Pl eistocene deposits . 

EXPLANATION OF MAP UNITS 

GLACIAL DEPOSITS 

Younger gl acia l deposits ( l ate Ple i stocene?) : unsorted to 
poor l y sorted , suba ng ular , unc onsolidated, pebble to 
boulder - size detri t us in a fine- gra 1ned matr1x . These 
deposits form a hu mmocky to pography genera ll y on l y found 
above 7500 ft , may be modi fi ed by mass- wasting processes, 
and are potent i all y unstab l e espec iall y when under l a1n 
by the Wasatc h Formatio n. 

Midd l e glacial deposits (m id dle Pl eistocene?) : unsorted , 
subangu l ar , poo rl y conso l idated , bou ld ery detr1tus . 
Th ese deposits usua lly have a gr eater amount of 
weathered ig neous -rock fr agments and for m a mo re 
subdued topograp hy t han the younger glacial deposits . 

Ol der glacial deposits (m i dd l e Pl e is tocene?) : unsorted , 
subangular, poo rl y conso li dated, pebbl e to boulders 
size detritus . These deposits are exposed on l y 1n the 
northern pa r t of t he Bowie Quadra ngle. 
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ALLUVIAL DEPOSITS 

Flo od - pl ain alluvium (Ho l ocene): Mixtures of silt, 
sand , pebb les , and co bbl es recently deposited and/ 
or reworked by fl uv i al processes . These depos1ts 
form t he physiographic flood pl ains of t he modern 
drainage system and are a potentia l source of sand , 
gravel , and crus hed-rock aggregate. 

Stream- te rrace alluvium (Holocene) : poorly sorted 
deposits of silt , sand , pebb les and cobbles . These 
deposits form sma ll terraces that are adjacent to 
the streams and are le ss than 10 ft (3 m) above them . 

Va ll ey-iill depos i ts (Ho l ocene lQ late Pleistocene): 
fine - gr ained materials usua ll y deposited by sheet - flow 
or mud flow processes . These deposits , including 
all uv i al f an l and f or ms, genera l ly for m gently s l oping 
surfaces which are incised by the modern streams . 
Largely derived from Mancos Shale , t hese deposits may 
be subject to expansion or ,hydrocom pactio n upon 
wetting, may contain corrosive wate r, and are prone 
to sheetf l ood erosion and mudf l ow deposition . 

Sl ope -wash debr i s (Ho l ocene lQ l ate Plei stocene): 
generally fine - grained soi l and r ock detritus 
t r ansported and deposited by running water that is 
not confined to channels . These deposits form a 
re l atively thin ve neer over older surficia l deposits 
or bedrock, may inc lud e some wind - bl own (eoli an) 
material , and may be easi l y eroded if protective 
vegetation is removed . 

Younger alluvial grave l s ( late Pleistocene?): poo rly 
sorted, rounded to subrounded, unconso l id at ed pebb l es 
and cobb l es in a mat ri x of sand and si l t . These 
grave l s vary great l y in compositio n becaus e of l ocal 
conditio ns and they cap the f irst well - de f ined te rrace 
above modern streams . Sheet f l ooding, erosion , and l ocal 
swelling soils are important geo l ogic conditions 
associated wi t h these gravels. 

Middle al luvial gravels (mid dl e Pl eistocene?) : poor l y 
sorted, rou nd ed to subrounded , poorly conso li dated 
gravels in a fine - grained matrix . These grave l s ha ve 
a better developed soil profi le and a greater amount 
of weat hered igneous -rock fragments than the younger 
all uvia l gravels . Midd l e gravels, inc l udi ng al l uvia l­
fan and river - terrace materials, form near l y pl anar 
surfaces situated at two or more l eve l s and are 
subject to sheet f l ooding and erosion . 

Older alluvial grave l s (middle Pleistocene?): poor l y 
sorted, rounded to subrounded, poor l y conso l idated 
gravels in a fine - grained matrix . These ol der grave l s 
have a slight increase in consolidation, s li ghtly 
greater weat her ing of i gneous detr i tus, and a greater 
accumu l ation of ca lci um carbonate in the C horizon 
than the younger gr ave l s . The depos its are subject to 
sheet flooding and erosion . 

Pediment grave l s (ear l y Pleistocene) : poor l y sorted 
all uv i al grave l s deposited on a nearby plana r, high ­
l eve l bedrock surfa ce . These deposits have abundant 
ca r bonate accumu l at i on in the C horizon and a higher 
percentage of weathered igneous - rock fragments than 
t he younger gravels . The >e gravels are subject to 
sheet f l ooding and erosion. 

~-l eve l alluvium (Quaternary/Tertiary): bould ery , 
poor l y sorted , all uvial depos1ts t hat form near l y 
pl anar , gent l y sloping sur f aces high above modern 
st r eams . Simi l arity to deposits previous l y mapped 
by Tweto and others (1976) suggest for mat ion during 
the Tertiary or ear ly Quaternary . Th ese depos1ts are 
subject to sheet fl ooding and eros i on . 

COLLUVIAL DEPOS IT S 

Landslide deposits (Holocene to l ate Pl eistocene): a 
heterogeneous assemb I age ofunc onso l1 dated so1 l and/or 
rock f ormed by slow to rap id down ward and outward mass 
movement of t he mater i al. These deposits, which include 
earthf l ows , usual l y form an i rr egula r, hummocky topography 
and may ha ve an associated head scarp . Re l ative age 
of deposits is noted by subscripts (1 i s t he youngest) . 

·Ql s deposits most li kely were formed dur i ng t he Ho l oce ne 
and Ql s and Qls deposits in part were f ormed during 
t he late Pl eistocene . 

Mudflow deposits (Holocene): dominantly fine-grained 
materia l with associated rock frag me nts formed by the 
downslope movement of wet, viscous masses of soil and 
rock materia l. These deposits have a gently undulating 
topography with an incised , braided drainage network . 
With decreasing viscosity during movement the deposits 
grade to fluvial sediments and with increasing viscosity 
grade to s l ow- mov in g earthflows . 
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Debris flow deposits (Ho l ocene lQ late Pleistocene) : 
unsorted, unconsolidated debris of soil, rock, and 
displaced vegetation deposited where t he stream gradient 
decreases . This gradient decrease most commonly occurs 
near the confluence of a tributary stream with a larger 
drainage. These deposits resu l t from t he rapid movement 
and depositio n of solid material during intense rainfa ll 
or snowmelt runoff. Qdf deposits probab l y formed 
during the Ho l ocene; Qdf deposits may have been 
deposited during the l ate Pleis tocene . 

Soi l- creep deposits (Ho l ocene) : mixtures of 
sand, silt, and cl ay with some lar ge r rock fragments 
formed by slow , down-slope movements of ncar - surface 
mate rials. These deposits , characterized by a ser i es 
of sma ll swa l es and ridges perpendicular to the direc ­
tio n of movement , generally are active and indicate 
areas with unstable slope conditions. 

Deb ris - ava l anche deposits (Holocene): unsorted mixtures 
of soil and rock mate rial formed by the generally sud ­
den and rapid downs l ope movement of the debris mass . 
Usual l y for med duri ng periods of the intense ra1nfa l l, these 
deposits produce a relatively sma ll, elongate rise that 
may extend to gently s l oping areas be l ow the steep 
s l opes from which the materia ls origi nate . 

Sl ope - fai lure- comp l ex deposits (Ho l ocene lQ l ate 
Ple i stocene: unsorted mixtures of soil and r ock 
mater ial formed by various mass -wasting processes 
including landslides, ea rthflows , soi l creep , and 
debris ava l anches . Not all of these processes form 
a specific deposit and t he age of move ment may vary . 
within a particular area . The general age of the un1t 
is noted by subscripts (1 is youngest) . 

Talus/Scree deposits (Ho l ocene lQ late Pl eistocene): 
angu l ar , unsorted, pebb l e to bou l der - size frag ments 
that mant l e mountain s l opes or accumu l ate at the base 
of a barren - rock mass . · These deposits usually form 
steep , co ncave s l opes and inc l ude talus cones and. 
lob ate or tongue - shaped r ock glaciers . Mass -wast1 ng 
processes usua ll y are current l y active in the f orma ­
t i on of these deposits . 

Co ll uvia l-w ed ge deposits (Ho l ocene.!Q l ate.Pleistocene): 
unconso l idated, heterogeneous so1l matenal and rock 
fragments found near the base of the slope . Formed by 
gravity - dominated processes , t he deposits may be sub ­
ject to continued mass -wasting. 

BEDROCK UNITS 

Basa l t ic intrus ive rocks (Miocene) : dark gray to bl ack 
porphyritic intrusive rocks that contain fine - grai ned 
phenocrysts of ol i vine and pyroxene. 

Po rphyr it i c intrusive rocks (M i ocene and Oligoce ne): 
l ight - gray por phyritic intrusive rocks t hat vary in 
composition from qua rtz mon zonite to granodiorite . 

Green River Formation (Eocene): primarily calcareous 
siltstone and shaley marlstone (Hail, 1972). The for­
mation , obscured by surfic i al mate ri al , is prone to 
mass - wasting processes . 

Ohio Creek -Wasatch Formations (Eocene and Pa l eocene) : 
-vdriegated (usua ll y red , purp le, gr een, ye ll ow , and 

gray) mudstone and siltstone with interbedded medium ­
gray , lenticular sandstone , which is l oca lly cong l om ­
eratic . These f or mat ions genera ll y are obscured by 
surficia l depos i ts and are pro ne to mass -wasting . 

Mesaverde Formation (Upper Cretaceous) : brown , gray , 
and l ight gray to white sandstone interbedded with 
dark gray shal e . Th ese sedimenta ry rocks general l y 
form very steep s l opes which may be subject to rock­
f alls and other mass -w asting processes . Comme rcially 
important coa l beds occur in the l ower part of t he 
formation. 

Mancos Shale (Up per Cretaceous) : dark brown to gray , 
la minated si l ty sha l e which is susceptib l e to erosion 
and mass - wasting . The shal e local l y contains swel l ing 
cl ays (montmo rillonite) and water corrosive to con ­
crete. Drainages t hat traverse the Mancos Shale are 
pro ne to flas h f l oods and mu df l ows. 

Dakota - Rurro Canyon Formations (Upper to Lower 
Cretaceou s): li ght gray to brown sandstone , siltstone, 
and conglomerate with some dark gray shale . The unit 
f orms steep s l opes that genera ll y are stable . 

------- ..... 

I 

Osfc1 IKml 

MAP SYMBOLS 

Contact: dashed wher e approximately 
located; dotted where concealed . 

Strike and dip of beds 

Fault: ba r and ball on downthrown side . 

Area of prominent mora inal topography 

De bri s ava lanche (Qda) 

Recent l ands l ide scarp: hac hures point 
in the direction of t~P landslidP movement. 

Surf i cial deposits indicated by f i rst symbol. 
Under·lying bedroc~ indicated by symbol in 
parentheses . 

REFERENCES 

Hail, w. J ., Jr. , 1972 , Reconnaissance geo l ogi c map of 
the Hotchkiss area , De l ta and Montrose Cou nties, 
Co l orado: U. S. Geo l. Survey Misc . Geo l. Inv . Map 
I - 698 . 

Junge , W. R., 1978 , Geologic hazards , Hotc hkiss - Paonia 
Reservoir ar ea , Delta and Gun nison Counties , Co lorado: 
Co l o . Geol. Survey open - fi l e re pt . 78- 12. 

Lee , W. T., 191 2 , Coal fields of Grand Mesa and the West 
Elk Mountains , Co lorado: U. S. Geol. Survey Bul l. 510 , 
237 p. 

Tw eto, Ogden , Steven, T. A., Hai l, W. J ., and Moench, 
R. H., 1976 , Prel i minary geologic map of the Montros e 
1 o by zo quad rangle, southwestern Colorado: U. S. Geol . 
Su rvey Misc. Fie l d Studies Map MF - 761 . 

Drafting by: Susan Soukup 


