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The views and conclusions contained in this document are
those of the author and should not be interpreted as
necessarily representing the official policies, either expressed
or implied, of the U.S. Government.

Although this product represents the work of professional
scientists, the Utah Department of Natural Resources, Utah
Geological Survey, makes no warranty, expressed or implied,
regarding its suitability for a particular use, and does not
guarantee accuracy or completeness of the data. The Utah
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shall not be liable under any circumstances for any direct,
indirect, special, incidental, or consequential damages with
respect to claims by users of this product. For use at 1:24,000
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DESCRIPTION OF MAP UNITS Kst Tibbet Canyon Member (Upper Cretaceous, Turonian) — Predominantly Jep Paria River Member (Middle Jurassic, Bathonian) — Slope-forming, light-gray to Doelling, H.H., and Graham, R.L., 1972, Southwestern Utah coal fields—Alton, Kaiparowits LITHOLOGIC COLUMN SELECTED GEOLOGIC MAPS AVAILABLE
cliff-forming sandstone, quartzose, light gray to grayish orange, medium to thick yellowish-gray, thin-bedded, platy limestone underlain by shaly limestone and Plateau and Kolob-Harmony: Utah Geological and Mineralogical Survey Monograph FOR THE ZION NATIONAL PARK AREA
QUATERNARY bedded with local low-angle cross-beds; interbedded with minor shale, mudstone, sandstone, in turn underlain by ledge-forming, white gypsum bed. Upper contact is Series No. 1, 333 p.
and siltstone; locally contains pelecypods, ammonoids, and bioturbation features. sharp and planar. Deposited in shallow-marine and coastal-sabkha environments Doelling, H.H., and Kuehne, P.A., in preparation, Geologic map of the Short Canyon
Alluvial Deposits Upper contact corresponds to a break in slope and is placed at top of coquinoid (Imlay, 1980; Blakey and others, 1983). Thickness 60 to 100 feet (20—30 m). quadrangle, Emery County, Utah: Utah Geological Survey Map, scale 1:24,000. = " % m 113°15' - 12°45'
oyster bed that caps the member. Deposited in shoreface, lagoonal, estuarine, and Doelling, H.H., Willis, G.C., Solomon, B.J., Sable, E.G., Hamilton, W.L., and Naylor, L.P., II, E w FORMATION, 6‘ % % Kannaraville Cedarl Webster NavaJo
Qaly Stream alluvium (Holocene to upper Pleistocene) — Generally stratified, moderately floodplain environments of a coastal plain (Laurin and Sageman, 2001, 2007; Tibert Jex Crystal Creek Member (Middle Jurassic, Bathonian) — Slope-forming, thin- to 2002, Interim geologic map of the Springdale East quadrangle, Washington County, Utah: 7] 5 member, unit g < e LITHOLOGY Mountain Flat Lake o
to well-sorted sand, silt, clay, and pebble to boulder gravel in channels and flood- and others, 2003). About 240 to 440 feet (75—135 m) thick. medium-bedded, “banded” reddish-brown and light-gray, fine-grained sandstone Utah Geological Survey Open-File Report 393, 20 p., 1 plate, scale 1:24,000. % n s o :6/ 37730
Qalo plains; locally includes small alluvial-fan, debris-flow, and colluvial deposits too and siltstone; local gypsum veinlets and thin beds, and minor volcanic ash; upper Eaton, J.G., Laurin, J., Kirkland, J.I., Tibert, N.E., Leckie, R.M., Sageman, B.B., Goldstrand, 2 |:E R )
small to map separately. Younger stream alluvium (Qaly) includes terraces as much Tropic Shale (Upper Cretaceous, Turonian to Cenomanian) — Slope-forming, contact is sharp and broadly undulating and corresponds to the base of the Paria P.M., Moore, D.W., Straub, A.W., Cobban, W.A., and Dalebout, J.D., 2001, Cretaceous and olob Kolob . Cogswell Stralght
| as 10 feet (3 m) above modern stream level; older stream alluvium (Qalo) forms Kt thin-bedded, sandy shale and mudstone with minor fine-grained sandstone and River gypsum bed; about 166—167 Ma based on radiometric dating of ash interbeds carly Tertiary geology of Cedar and Parowan Canyons, western Markagunt Plateau, Utah, E Surficial deposits Q 0-1007? rch Reservoir Point Canyon
Qa incised, level to gently sloping surfaces 10 to 30 feet (3—9 m) above modern limestone; brown to gray, weathers to yellowish gray; septarian nodules in southwestern Utah (Kowallis and others, 2001). Deposited in coastal-sabkha and in Erskine, M.C., Faulds, J.E., Bartley, J.M., and Rowley, P.D., editors, The geologic transi- < (0-30)
channels and may include inset deposits of younger stream alluvium too small to (concretions containing angular, mineral-filled cavities or cracks) weather out of tidal-flat environments (Imlay, 1980; Blakey and others, 1983). Thickness 160 to tion, High Plateaus to Great Basin—a symposium and field guide—the Mackin Volume: E variegated shale
map separately; undifferentiated stream alluvium (Qal) mapped where deposit age is thin limestone bed near base; locally includes sandstone of overlying Straight Cliffs 220 feet (50—65 m). Utah Geological Association Publication 30 and Pacific Section American Association of '-l'_J JALA
uncertain. Thickness 0 to 30 feet (0—9 m). Formation that grades into and intertongues with upper part of Tropic Shale (e.g., in Petroleum Geologists Publication GB78, p. 337-363. <D( .
the main scarp of the Meadow Creek landslide). Upper contact gradational, placed Co-op Creek Limestone Member (Middle Jurassic, Bathonian to Bajocian) — Elder, W.P., Gustason, E.R., and Sageman, B.B., 1994, Correlation of basinal carbonate cycles g
Tafy Fan alluvium (Holocene to upper Pleistocene) — Poorly stratified, poorly to moder- at base of lowermost, laterally continuous, cliff-forming Tibbet Canyon sandstone. Interbedded, micritic to oolitic, thin- to thick-bedded limestone, calcareous and to nearshore parasequences in the Late Cretaceous Greenhorn seaway, Western Interior Smith G The, Clear Creek
ately well sorted, boulder- to clay-sized sediment deposited as relatively small Deposited in shallow-marine environment dominated by fine-grained clastic argillaceous shale, platy limestone, and minor dolomite, sandstone, and volcanic U.S.A.: Geological Society of America Bulletin, v. 106, p. 892-902. Mesa uardian Sinawav Mountain
Qif alluvial fans along major drainages; deposited by intermittent streams, debris flows, sediment (Elder and others, 1994; Tibert and others, 2003; Laurin and Sageman, ash; locally fossiliferous, including pelecypods, gastropods, and crinoid columnals Garrison, J.R., Jr., Brinkman, D., Nichols, D.J., Layer, P., Burge, D., and Thayn, D., 2007, A % Upper unit Ksu 700 + [- Aﬂge|8
alo and debris floods graded to or slightly above modern stream level; locally includes 2007). About 240 to 500 feet (75—150 m) thick; thickness decreases northward and (Isocrinus nicoleti); about 167—168 Ma based on radiometric dating of ash interbeds multidisciplinary study of the Lower Cretaceous Cedar Mountain Formation, Mussentuchit B (210 +) [ i .
minor colluvium and talus along upslope margins of the fans, and grades into stream westward, thinning dramatically to perhaps just a few feet thick in the western part in southwestern Utah (Kowallis and others, 2001). Deposited in a shallow-marine Wash, Utah—a determination of the paleoenvironment and paleoecology of the Eolambia <§( = Zion National L
alluvium at fan toes. Younger fan alluvium (Qafy) forms active depositional of the adjacent Cogswell Point quadrangle (Bick and Hylland, 2007). environment (Imlay, 1980; Blakey and others, 1983). caroljonesa dinosaur quarry: Cretaceous Research, v. 28, p. 461-494. % Park
surfaces and grades into younger stream alluvium (Qaly) at toes of the fans; older In 1990, a partial skeleton of a large, long-necked plesiosaur (marine reptile) was Gillette, D.D., Hayden, M.C., and Titus, A.L., 1999, Occurrence and biostratigraphic frame- L o . 9 )
fan alluvium (Qafo) forms deeply incised, generally inactive surfaces as much as 30 discovered about 3 miles (5 km) east of the Clear Creek Mountain quadrangle during Jecu Upper unit — Ledge-forming, thin- to medium-bedded, white-weathering, micritic work of a plesiosaur from the Upper Cretaceous Tropic Shale of southwestern Utah, in . \/Irglﬂ Drlﬂgda|e Sprlngdale The
feet (9 m) above modern stream channels. Thickness 0 to 40 feet (0—12 m). excavations at a septarian nodule mine in the Muddy Creek drainage. The fossil limestone and minor shale; upper contact is sharp and planar; 80 to 110 feet (25-35 Gillette, D.D., editor, Vertebrate paleontology in Utah: Utah Geological Survey Miscella- w limonite-stained conglomerate West East Barracks
bones, primarily consisting of vertebrae, were in the Sciponoceras gracile Ammo- m) thick. neous Publication 99-1, p. 269-273. 8
Qla Lacustrine and alluvial basin-fill deposits (Holocene to upper Pleistocene) — Strati- noid Biozone at the base of the Tropic Shale and were the first documented occur- Gregory, H.E., 1950, Geology and geography of the Zion Park region, Utah and Arizona: U.S.
fied, thin-bedded, light-brown to gray silt and clay with interbeds and lenses of fine rence of plesiosaur remains from the Tropic Shale in Utah (Gillette and others, Jeal Lower unit — Slope-forming, light-gray, calcareous and argillaceous shale and platy Geological Survey Professional Paper 220, 200 p. = 37°07'30"
to coarse sand and fine gravel; locally abundant organic matter. Location of these 1999). limestone with sandstone and thick-bedded limestone; about 8 feet (2.4 m) of Grose, L.T., Hileman, D.H., and Ward, A.E., 1967, Coal resources of southwestern Utah— 0} : vertical cliffs Little Creek | Smithsonian Hildale Elephant
deposits along Clear Creek (Willow Canyon) and Meadow Creek upstream of reddish to purplish shale and thin-bedded sandstone at base; upper contact is grada- potential for utilization in steam-electric power-generation plants: U.S. Bureau of Mines &( _ 240-440 & M tai Butte Bp it
landslide deposits suggests accumulation in quiet water behind landslide dams; Kd Dakota Formation — Shown undivided where one or more members form bedrock tional and corresponds to a break in slope; 160 to 220 feet (5065 m) thick. Information Circular 8326, 78 p. 5 Tibbet Canyon Mbr Kst (75-135) - ountain utie
these “lakes” probably held water only during brief wet periods and were probably blocks displaced by landsliding, but internal stratigraphy has remained relatively Gustason, E.R., 1989, Stratigraphy and sedimentology of the middle Cretaceous (Albian- -
more like shallow ponds or swampy alluvial plains; deposits are similar to those of intact (see “Landslide deposits”). In southwestern Utah, the Dakota Formation has unconformity (J-2) (?) Cenomanian) Dakota Formation, southwestern Utah: Boulder, University of Colorado, In addition to geologic mapping (mostly 1:24:000 scale) of the 7.5" quadrangles
numerous Holocene and Pleistocene lakes in Zion National Park (see discussion in traditionally been subdivided into three informal members (see, for example, Ph.D. dissertation, 376 p. resistant, calcareous interbeds listed below, Hamilton (1978) provided a 1:31,680-scale geologic map of Zion
Biek and others, 2003). Thickness 0 to 50 feet (0—15 m). Doelling and Davis, 1989; Gustason, 1989), following the convention established The boundary between the Carmel Formation and Temple Cap Formation has Hamilton, W.L., 1978, Geological map of Zion National Park, Utah: Zion Natural History National Park. See index map for quadrangle locations.
for the Dakota on the Kaiparowits Plateau (Peterson, 1969b). On the Kolob Terrace, traditionally been interpreted as part of a regionally extensive erosional unconfor- Association, scale 1:31,680. (Revised 1987.)
Artificial-Fill Deposits the lower member has recently been reassigned to the Cedar Mountain Formation mity (Pipiringos and O’Sullivan, 1978; Peterson and Pipiringos, 1979); however, the Hayden, J.M., 2004, Geologic map of the Little Creek Mountain quadrangle, Washington Cedar Mountain Averitt (1962)
(Biek and others, 2003; Biek, 2007a, 2007b; Biek and Hylland, 2007; but see Titus queried designation reflects ongoing work involving regional stratigraphic correla- County, Utah: Utah Geological Survey Map 204, 2 plates, scale 1:24,000. Cogswell Point Biek and Hylland (2007)
af Artificial fill (historical) — Pr%marlly road-embankment fill used in the construction of and gthers, 2005) on the basis of lithologic and age similarities with the Mussen- thn, palynology,. and radiometric dating that p}rehrr}lnarlly 1nd19ates this unconfor- Hayden, J.M., and Sable, E.G'., 2008, Geologic map of the Virgin quadrangle, Washington Elephant Butte Sable and Doelling (1990)
State Route 9; other deposits, too small to map separately, are scattered across the tuchit Member (see Kirkland and others, 1997; Kirkland and Madsen, 2007), and mity may not exist or may represent only a brief hiatus (D. Sprinkel, UGS, verbal County, Utah: Utah Geological Survey Map 231, 2 plates, scale 1:24,000. 5 240-500 2 Hildale Sable 1995) (
quadrangle and include stock-pond embankments and waste-rock piles at uranium that convention is followed on this map. communication, 2009; see also Sprinkel and others, 2009); exposures of the Imlay, R.W., 1980, Jurassic paleobiogeography of the conterminous United States in its & TROPIC SHALE Kt (75-150) B Kanarraville Averitt 1967) (
and coal mines and prospects; 0 to 60 feet (0—18 m) thick. Carmel-Temple Cap contact in the Clear Creek Mountain quadrangle show no continental setting: U.S. Geological Survey Professional Paper 1062, 134 p. > - Kolob Arch Biek ) (2007a
) ' Kdu Upper member (Upper Cretaceous, Cenomanian) — Slope- .and ledge-forming, unambiguous evidence of a major unconformity. Klrklapd,. J.I,, Britt, B., Burge, D.L., Carpenter, K., Cifelli, R., DeCpurten, F., Eaton, J., Kolob Reservoir Biek (2007b)
Colluvial Deposits interbedded sandstone, siltstone, mudstone, shale, marl, and minor coal; sandstone Hasiotis, S., and Lawton, T., 1997, Lower to middle Cretaceous dinosaur faunas of the %) Little Creek Mountain Hayden (2004)
is light brown, gray, and white, arkosic to quartzose, thin to thick bedded, planar; It Temple Cap Formation (Middle Jurassic, Bajocian) — Shown undivided on cross central Colorado Plateau—a key to understanding 35 million years of tectonics, sedimen- 8 septarian nodules Navajo Lake Moore and others (2004)
Qcs Colluvium (Hologene to upper Pleistocene) — Unsorted, nonstratified, locally derived s11tstope, rngdstone, and shale are gray to dark gray, typically with .dlssemlnated §ect10n or}ly; about 169-174 Ma base.d on radiometric datlpg . of volcanic ash tology, evolution and blogeog.raphy, in Link, P.K., aqd Kowallis, B.J., gdltors, Mesozoic to (Lg = — coal Smith Mesa Sable and others (in preparation)
sand and silt with subangular to angular gravel, cobbles, and boulders; color and organic debris; coal occurs as scattered seams 1 to 2 feet (0.3—0.6 m) thick; abundant interbeds in southwestern Utah (Kowallis and others, 2001; Dickinson and others, Recent geology of Utah: Brigham Young University Geology Studies, v. 42, pt. 2, p. D73 ::gjsrtzng? white sandstone Smithsonian Butte Moore and Sable (2001)
clast composition vary with parent material; deposited primarily by creep and slope gastropod (Craginia) and pelecypod (Crassostrea and Inoceramus pictus) fossils in 2009; D. Sprinkel, UGS, written communication, 2009). 69-103. E Springdale East Doelling and others (2002)
wash, but some deposits, particularly on the upper unit of the Straight Cliffs Forma- upper part of unit, bioturbation features (Ophiomorpha) in lower part. White, Kirkland, J.I., and Madsen, S.K., 2007, The Lower Cretaceous Cedar Mountain Formation, g 200-290 |7 Craginia sp., Crassostrea sp., Inoceramus pictus Springdale West Willis and others (2002)
tion, may also result in part from shallow landsliding; gradational with and locally ledge-forming sandstone 25 to 50 feet (8—15 m) thick at top of unit correlates to the White Throne Member — Cliff-forming, light-gray to pale-orange sandstone with castern Utah—the view up an always interesting learning curve, in Lund, W.R., editor, Upper Member Kdu (60-90) coal Straight Canyon Cashion (1967)
includes talus and mixed alluvial and colluvial deposits; estimated to be less than 10 “sugarledge sandstone” of Cashion (1961). Upper contact placed at top of thin (4 Jtw high-angle, thick cross-bed sets; sandstone is quartzose, well sorted, fine grained; Field guide to geologic excursions in southern Utah—Geological Society of America, Temple of Sinawava Doelling (2002)
feet (3 m) thick. feet [1.2 m]) coal-sandstone couplet that directly overlies the sugarledge sandstone; similar to the Navajo Sandstone; upper contact is sharp and planar, marked by red Rocky Mountain Section 2007 Annual Meeting: Online, Utah Geological Association Ophiomorpha The Barracks Sable and Doelling (1993)
the coal contains a palynomorph assemblage indicating an age at least as old as shaly zone at base of Co-op Creek Limestone. Deposited in coastal dune field Publication 35, <www.utahgeology.org/UGA_Pub-35/cd_intro.htm>, 108 p. % upper coal zone of Cashion (1961) The Guardian Angels Willis and Hylland (2002)
Mass-Movement Deposits Turonian (sample CCM4093-1). Below the sugarledge sandstone, organic (Blakey, 1994; Peterson, 1994). Thickness 60 to 165 feet (20—50 m). Kowallis, B.J., Christiansen, E.H., Deino, A.L., Zhang, Z., and Everett, B.H., 2001, The E Virgin Hayden and Sable (2008)
mudstone and carbonaceous shale yielded pollen indicating an age of early to late Recent work involving regional stratigraphic correlation, palynology, and radio- record of Middle Jurassic volcanism in the Carmel and Temple Cap Formations of s Webster Flat Wilson and Thomas (1964) (part)
Qmsh Landslide deposits _(Holocene tg middle[?] Pleistocene) — Pogrly sorted masses of Cenomanian (samples CCM40.93-4 ar}d CCM4093-2, respectlv.ely). Deposited in metric dating suggests that the red sha.ly zone a‘F the base of the Co-op Creek Lime- sopthwestern Utah: Geological Society of Am§r1ca Bulletin, \4 113, no. 3, p. 373—387: % and Doelling and Graham (1972) (part)
rock and unconsolidated material that have undergone translational and/or rotational shoreface, lagoonal, and estuarine environments of a coastal plain (Gustason, 1989; stone should perhaps be more appropriately designated the upper part of the Temple Laurin, J., and Sageman, B.B., 2001, Tectono-sedimentary evolution of the western margin of w
Q downslope movement; deposits display hummocky topography, internal scarps, am Ende, 1991; Elder and others, 1994; Laurin and Sageman, 2001, 2007; Tibert and Cap Formation (D. Sprinkel, UGS, verbal communication, 2009). the Colorado Plateau during the latest Cenomanian and early Turonian, in Erskine, M.C., < ) 280-480 | oorly exposed. numerous landslides
ps back-tilted geomorphic surfaces, and chaotic bedding attitudes; typically associated others, 2003). About 200 to 290 feet (60—90 m) thick. Faulds, J.E., Bartley, J.M., and Rowley, P.D., editors, The geologic transition, High '6 Middle member Kdm (85-145) - poorly exp »nu ! !
with low-strength clay in the Cedar Mountain, Dakota, and Tropic Formations. Sinawava Member — Slope-forming, interbedded sandstone, siltstone, and mudstone; Plateaus to Great Basin—a symposium and field guide—the Mackin Volume: Utah f :
Qms(Ks) Some of the deposits form large complexes of contiguous but separate landslides K Middle member (Upper Cretaceous, Cenomanian) — Slope-forming, interbedded I forms relatively thin but prominent reddish-orange to reddish-brown slope at top of Geological Association Publication 30 and Pacific Section American Association of o
having different movement histories and directions; where discernible, individual Ll mudstone, claystone, siltstone, shale, coal, and lignite, and ledge-forming the Navajo Sandstone. Upper contact is gradational and interfingering with the Petroleum Geologists Publication GB78, p. 57-74. smectitic shale
Qms(Kd) landslides are delineated on the basis of drainages and other geomorphic features sandstone; mudstone and claystone are gray to brown, commonly smectitic; White Throne Member. Deposited in coastal-sabkha and tidal-flat environments Laurin, J., and Sageman, B.B., 2007, Cenomanian-Turonian coastal record in SW Utah,
that indicate landslide flanks and toes. Geomorphically youthful scarps and siltstone is dark brown to black, typically with abundant organic debris; shale is gray (Blakey, 1994; Peterson, 1994). Thickness 40 to 90 feet (15-25 m). U.S.A.—orbital-scale transgressive-regressive events during Oceanic Anoxic Event II: i
Qms(Je) hummocky topography indicate new or reactivated movement, whereas geomorphi- to dark gray, locally smectitic or carbonaceous; sandstone is light brown to gray, Journal of Sedimentary Research, v. 77, p. 731-756 (DOI: 10.2110/jsr.2007.076). CEDAR MOUNTAIN EM e 80-220 lower coal zone4 00 f ngashlon (1961)
cally subtle landslide features and/or surfaces that are deeply incised by stream resistant, locally trough cross-bedded. Coal occurs within two laterally persistent unconformity (J-1) Moore, D.W., Nealey, L.D., Rowley, P.D., Hatfield, S.C., Maxwell, D.J., and Mitchell, E., (25-65) 9;%;‘;,(? '\ix’z (Ioérall uArra)nium
channels may indicate relatively old initiation of movement; however, very slow zones at the top and base of the unit (upper and lower coal zones, respectively, of 2004, Geologic map of the Navajo Lake 7.5" quadrangle, Kane and Iron Counties, Utah: Lower Conglomerate member| Kemc ?2__13250) — \p K ; ! "
movement may be occurring in some landslide areas that lack obvious geomorphic Cashion, 1961, 1967; see also Doelling and Graham, 1972); upper contact placed at J Navajo Sandstone (Lower Jurassic, Toarcian to Pliensbachian) — Cliff-forming, light Utah Geological Survey Map 199, 2 plates, scale 1:24,000. tneonformty
evidence of recent movement. Formation symbol in parentheses denotes large block top of upper coal zone. Middle member of the Dakota is poorly exposed and n yellowish-gray to pale-orange sandstone with large-scale tabular- and wedge-planar Moore, D.W., and Sable, E.G., 2001, Geologic map of the Smithsonian Butte quadrangle, . pale-yellow sandstone
of bedrock that has been displaced by landsliding, but internal stratigraphy has involved in widespread landsliding. Deposited in estuarine, floodplain, swamp, and cross-beds and thick cross-bed sets; sandstone is quartzose, well sorted, fine to Washington County, Utah and Mohave County, Arizona: Utah Geological Survey Miscel- Winsor Member Jow |180-280
remained relatively intact (Toreva block). Historical landslides (Qmsh) have lacustrine environments (Gustason, 1989; am Ende, 1991; Laurin and Sageman, medium grained; locally prominently jointed. Upper contact is sharp and planar, laneous Publication 01-1, 30 p., 2 plates, scale 1:24,000. (55-85)
landslide features such as scarps and slide blocks that are morphologically distinct, 2001, 2007). About 280 to 480 feet (85—145 m) thick. corresponds to prominent break in slope at top of Navajo cliff. Deposited in a vast Peterson, F., 1969a, Four new members of the Upper Cretaceous Straight Cliffs Formation in
as well as clear evidence of historical movement (i.e., disturbed vegetation, Dakota coal in the Clear Creek Mountain quadrangle is part of the Kolob coastal and inland dune field (Blakey, 1994; Peterson, 1994). Only upper 200 feet the southeastern Kaiparowits region, Kane County, Utah: U.S. Geological Survey Bulletin 60100 “chippy” limestone
damaged cultural features such as roads and culverts); the Meadow Creek landslide, coalfield; regionally the coal rank varies between subbituminous A and high-volatile (60 m) exposed in quadrangle, but formation is 1800 to 2200 feet (550—670 m) thick 1274-J, 28 p. > Paria River Member Jep (20'_30)
crossed by Utah Highway 9, presents ongoing road maintenance issues (see bituminous B (Grose and others, 1967; Doelling and Davis, 1989), and the coal has in the Zion National Park area (Gregory, 1950; Biek and others, 2003). Peterson, F., 1969b, Cretaceous sedimentation and tectonism in the Kaiparowits region, Utah: o (LLLL alabaster gypsum
Stouffer, 1964; Doelling and Davis, 1989; Ashland and others, 2009). Thickness of relatively high ash and sulfur contents (Doelling and Graham, 1972). Three mines U.S. Geological Survey Open-File Report 69-202, 259 p. e -
landslide deposits is highly variable; the larger slides are possibly hundreds of feet in the southeast part of the quadrangle were probably active from about 1930 to REFERENCES Peterson, F., 1994, Sand dunes, sabkhas, streams, and shallow seas—Jurassic paleogeography E Crystal Creek Tz 160-220 |- - “banded” sandstone
(100 m =) thick. 1950 (Doelling and Graham, 1972); production from these mines is unknown, but in the southern part of the Western Interior basin, in Caputo, M.V., Peterson, J.A., and E Member (50-65) |7
The Meadow Creek landslide was the subject of survey-grade Global Positioning the largest (Meeks-Carrol mine) had underground workings that extended over 12 am Ende, B.A., 1991, Depositional environments, palynology, and age of the Dakota Forma- Franczyk, K.J., editors, Mesozoic Systems of the Rocky Mountain region, USA: Rocky = ’
System (GPS) monitoring between October 2005 and October 2008 (Ashland and acres (5 ha) (Grose and others, 1967). Based on measurements reported by Cashion tion, south-central Utah, in Nations, J.D., and Eaton, J.G., editors, Stratigraphy, deposi- Mountain Section of the Society for Sedimentary Geology, p. 233-272. § o 80-110
others, 2009; Ashland and McDonald, in press). In the area crossed by Highway 9 (1961) and Doelling and Graham (1972) and collected during this mapping, cumula- tional environments, and sedimentary tectonics of the western margin, Cretaceous Western Peterson, F., and Pipiringos, G.N., 1979, Stratigraphic relations of the Navajo Sandstone to E c Uﬁgﬁr Jecu (25-35)
mapped as Qmsh, measured horizontal displacement ranged from 24 to 64 inches tive coal thickness in the upper coal zone within the quadrangle ranges from 2.5 to Interior Seaway: Geological Society of America Special Paper 260, p. 65-83. Middle Jurassic formations, southern Utah and northern Arizona: U.S. Geological Survey ) 5 C?:e)E
(61-163 cm) (Ashland and McDonald, in press). With the exception of a few moni- 10.0 feet (0.8-3.0 m) and averages 6.8 feet (2.1 m), and maximum individual bed Ashland, F.X., and McDonald, G.N., in press, Geologic characteristics and movement of the Professional Paper 1035-B, 43 p. @ Limestone
toring stations, movement was not detected elsewhere in the Meadow Creek thickness is 8.0 feet (2.4 m); cumulative coal thickness in the lower coal zone ranges Meadow Creek landslide, part of the Coal Hill landslide complex, western Kane County, Pipiringos, G.N., and O’Sullivan, R.B., 1978, Principal unconformities in Triassic and &( Member Lower 160-220 [——=
landslide (areas mapped as Qms); where movement was detected (mostly near High- from 2.8 to 11.9 feet (0.9-3.6 m) and averages 6.4 feet (1.9 m), and maximum Utah, in Carney, S.M., Tabet, D.E., and Johnson, C.L., editors, Geology of south-central Jurassic rocks, Western Interior United States—a preliminary survey: U.S. Geological 2 unit Jel (50-65) Isocrinus nicoleti ) ) ) )
way 9), horizontal displacement ranged from 6 to 10 inches (15-25 cm) (Ashland individual bed thickness is 7.0 feet (2.1 m). Doelling and Davis (1989) correlated Utah: Utah Geological Association Publication 39. Survey Professional Paper 1035-A, 29 p., 1 plate. View looking north to Table Bench (in middle ground) near the northern borde_r of the
and McDonald, in press). the upper and lower coal zones with the Smirl and Bald Knoll coal zones, respec- Ashland, F.X., McDonald, G.N., Shaw, L.M., and Bay, J.A., 2009, Characterization and Sable, E.G., 1995, Geologic map of the Hildale quadrangle, Washington and Kane Counties, Tz - Sy g2 unconformity (?) Clear Creck Mountain quadrangle. Table Bench’s western slope, abf)ve the dirt road,
tively, of the Alton coalfield to the east. hazard zonation of the Meadow Creek landslide affecting State Route 9, part of the Coal Utah, and Mohave County, Arizona: Utah Geological Survey Map 167, 14 p., 2 plates, S g er‘\';e Tlt:rone Jw | 60-165 |. reveals a remarl;ably complete exposure ofthe middle Cretaceous section from the upper
G Talus (Holocene to upper[?] Pleistocene) — Very poorly sorted, angular, gravel- to Hill landslide complex, western Kane County, Utah: Utah Geological Survey Special scale 1:24,000. %‘5 ember 5| (20-50) - Dakota Format.lon to t.he IOW?Y Straight Cliffs Formathn. The Tibbet Capyon Member
boulder-sized sandstone blocks and finer grained interstitial sediment on steep unconformity Study 131, 31 p., 2 plates. Sable, E.G., Biek, R.F., and Willis, G.C., in preparation, Geologic map of the Smith Mesa e Sinawava Member Jts o red marker forms the prommept cliff-forming sandstone doublet. Tem_ary strata of the Pink Cliffs form
slopes below ledges and cliffs of the Straight Cliffs Formation; deposited primarily Averitt, P., 1962, Geology and coal resources of the Cedar Mountain quadrangle, Iron County, quadrangle, Washington County, Utah: Utah Geological Survey Map, scale 1:24,000. ~— J-1 unconformity the southern margin of the Markagunt Plateau on the skyline.
by rock fall, but creep and slope wash also involved; locally includes undifferenti- Cedar Mountain Formation Utah: U.S. Geological Survey Professional Paper 389, 72 p., 3 plates, geologic map scale Sable, E.G., and Doelling, H.H., 1990, Geologic map of the Elephant Butte quadrangle, Kane C 200+
ated colluvium; generally 0 to 20 feet (0—6 m) thick. 1:24,000. County, Utah, and Mohave County, Arizona: Utah Geological and Mineral Survey Map g NAVAJO SANDSTONE Jn (60+) vertical cliffs
Kem Cedar Mountain Formation, undivided (Cretaceous, Cenomanian to Albian) — Gray Averitt, P., 1967, Geologic map of the Kanarraville quadrangle, Iron County, Utah: U.S. 126, 10 p., 2 plates, scale 1:24,000. 3
Spring Deposits to variegated mudstone and minor lignite overlying interbedded pebble conglomer- Geological Survey Geologic Quadrangle Map GQ-694, 1 plate, scale 1:24,000. Sable, E.G., and Doelling, H.H., 1993, Geologic map of The Barracks quadrangle, Kane
ate and conglomeratic sandstone; basal conglomerate is mapped separately (Kcmc) Beroni, E.P., McKeown, F.A., Stugard, F., Jr., and Gott, G.B., 1953, Uranium deposits of the County, Utah: Utah Geological Survey Map 147, 11 p., 2 plates, scale 1:24,000.
Qi Spring mud (Holocene) — Brown and greenish-gray clay and organic mud with white in some areas; slope-forming mudstone is smectitic and locally contains white Bulloch group of claims, Kane County, Utah: U.S. Geological Survey Circular 239, 9 p., 3 Sprinkel, D.A., Kowallis, B.J., Waanders, G., Doelling, H.H., and Kuehne, P.A., 2009, The
evaporitic surface encrustation (efflorescence); deposited immediately downslope carbonate nodules and interbedded altered volcanic ash; upper contact placed at base plates. Middle Jurassic Temple Cap Formation, southern Utah—radiometric age, palynology, and
of small, active springs in the southeastern part of the quadrangle (NW1/4 section of Dakota lower coal zone. Conglomerate is typically cliff-forming and contains Biek, R.F., 2007a, Geologic map of the Kolob Arch quadrangle and part of the Kanarraville correlation with the Gypsum Spring Member of the Twin Creek Limestone and Harris
33, T. 40 S., R. 8 W.,, SLBLM); highly susceptible to piping and erosion; estimated well-rounded clasts of quartzite, chert, and limestone, as well as clay lenses, carbon- quadrangle, Washington and Iron Counties, Utah: Utah Geological Survey Map 217, 3 Wash Member of the Page Sandstone [abs.]: Geological Society of America Abstracts with
to be less than 15 feet (5 m) thick. ized wood fragments, and petrified wood that includes silicified logs; local uranium plates, scale 1:24,000. Programs, v. 41, no. 7, p. 690.
mineralization; basal contact with the Winsor Member of the Carmel Formation is Biek, R.F., 2007b, Geologic map of the Kolob Reservoir quadrangle, Washington and Iron Stouffer, S.G., 1964, Landslides in the Coal Hill area, Kane County, Utah: Salt Lake City,
Qst Spring tufa (Holocene) — Gray, white, and tan, blocky, porous, calcareous sinter that sharp and uneven. Organic mudstone yielded pollen indicating an age of late Albian Counties, Utah: Utah Geological Survey Map 220, 2 plates, scale 1:24,000. University of Utah, M.S. thesis, 103 p. CORRELATION OF GEOLOGIC UNITS
forms small, earthy mounds; contains abundant root casts; associated with presently (sample CCM40910-1), and pollen analyses by Doelling and Davis (1989) indicate Biek, R.F., and Hylland, M.D., 2007, Geologic map of the Cogswell Point quadrangle, Tibert, N.E., Leckie, R.M., Eaton, J.G., Kirkland, J.I., Colin, J.-P., Leithold, E.L., and McCor-
inactive springs; two small deposits are mapped in the southeastern part of the an Albian age of the underlying conglomerate. Single-crystal “Ar/*Ar age of 97.9 Washington, Kane, and Iron Counties, Utah: Utah Geological Survey Map 221, 2 plates, mic, M.E., 2003, Recognition of relative sea-level change in Upper Cretaceous - —
quadrangle (NE1/4 section 36, T. 40 S., R. 9 W., and NW1/4 section 5, T. 41 S., R. 8 + 0.5 Ma obtained from ash layer in mudstone near the North Fork Virgin River in scale 1:24,000. coal-bearing strata—a paleoecological approach using agglutinated foraminifera and historical Qmsh Qf
W., SLBLM); thickness uncertain, but probably less than 10 feet (3 m). the Straight Canyon quadrangle, about 1 mile (1.5 km) north of the Clear Creek Biek, R.F., Willis, G.C., Hylland, M.D., and Doelling, H.H., 2003, Geology of Zion National ostracodes to detect key stratigraphic surfaces, in Olson, H., and Leckie, R.M., editors, ] Qaly Qafy
Mountain quadrangle, suggests correlation with ash in Mussentuchit Member of the Park, Utah, in Sprinkel, D.A., Chidsey, T.C., Jr., and Anderson, P.B., editors, Geology of Microfossils as proxies for sea-level change and stratigraphic discontinuities: Society for o
Mixed-Environment Deposits Cedar Mountain Formation in east-central Utah (see Cifelli and others, 1997; Garri- Utah’s parks and monuments: Utah Geological Association Publication 28, second edition, Sedimentary Geology Special Publication 75, p. 263-299. & Qsm | Qst
son and others, 2007); geochronologic analysis of detrital zircon from the basal p- 107-137. Titus, A.L., Powell, J.D., Roberts, E.M., Sampson, S.D., Pollock, S.L., Kirkland, J.I., and 5 prehistoric | Q
Qac Alluvial and colluvial deposits (Holocene to upper Pleistocene) — Poorly to moder- Cretaceous conglomerate near Kolob Reservoir, 10 miles (6 km) northwest of the Blakey, R.C., 1994, Paleogeographic and tectonic controls on some Lower and Middle Albright, L.B., 2005, Late Cretaceous stratigraphy, depositional environments, and macro- E Qa eg Qac o
ately sorted, generally poorly stratified sand, silt, and clay with scattered, subangular Clear Creek Mountain quadrangle, indicates a correlation with the informally named Jurassic erg deposits, Colorado Plateau, in Caputo, M.V., Peterson, J.A., and Franczyk, vertebrate paleontology of the Kaiparowits Plateau, Grand Staircase—Escalante National Qalo Qafo | Qla Qmt Qer | -Qre
to angular gravel and cobbles; deposited in minor drainages and topographic depres- Short Canyon conglomerate (G.J. Hunt, New Mexico State University, verbal K.J., editors, Mesozoic Systems of the Rocky Mountain region, USA: Rocky Mountain Monument, Utah, in Pederson, J.L., and Dehler, C.M., editors, Interior western United 1 | Sl
sions primarily by fluvial, debris-flow, slope-wash, and creep processes; commonly communication, 2008) within the Cedar Mountain section on the west side of the Section of the Society for Sedimentary Geology, p. 273-298. States: Geological Society of America Field Guide 6, p. 101-128.
scattered across landslide deposits where displaced bedrock blocks, back-tilted San Rafael Swell (Doelling and Kuehne, in preparation). Deposited in floodplain, Blakey, R.C., Peterson, F., Caputo, M.V., Geesman, R.C., and Voorhees, B.J., 1983, Paleoge- Tschudy, R.H., Tschudy, B.D., and Craig, L.C., 1984, Palynological evaluation of Cedar
surfaces, and closed depressions form sediment traps; thickness less than 20 feet (6 lacustrine, and fluvial-channel environments of a coastal plain (Tschudy and others, ography of Middle Jurassic continental, shoreline, and shallow marine sedimentation, Mountain and Burro Canyon Formations, Colorado Plateau: U.S. Geological Survey > Qms
m). 1984; Kirkland and others, 1997; Garrison and others, 2007; Kirkland and Madsen, southern Utah, in Reynolds, M.W., and Dolley, E.D., editors, Mesozoic paleogeography of Professional Paper 1281, 24 p., 9 plates. 1
2007). About 80 to 220 feet (25—65 m) thick. west-central United States: Rocky Mountain Section of Society of Economic Paleontolo- Willis, G.C., Doelling, H.H., Solomon, B.J., and Sable, E.G., 2002, Interim geologic map of <Z(
Eolian and residual deposits (Holocene to upper[?] Pleistocene) — Well-sorted fine Uranium mineralization occurs along the Cedar Mountain—Winsor contact on gists and Mineralogists, p. 77—100. the Springdale West quadrangle, Washington County, Utah: Utah Geological Survey 5 upper | |
Qer sand with scattered, subrounded to subangular gravel and cobbles of sandstone both sides of Orderville Gulch (Bulloch group of claims; sections 8, 9, 16, and 21, Bowers, W.E., and Strickland, P.M., 1978, Geophysical logs of 14 test holes drilled during Open-File Report 394, 20 p., 1 plate, scale 1:24,000. '<T: ’
derived from the Straight Cliffs Formation; deposited by wind and in-place weather- T. 40 S., R. 9 W.,, SLBLM), where abnormal radioactivity has been detected along 1977 in the Kolob coal field, Kane County, south-central Utah: U.S. Geological Survey Willis, G.C., and Hylland, M.D., 2002, Interim geologic map of The Guardian Angels 2 ©
ing of bedrock; forms discontinuous fill in shallow topographic depressions on mesa 4000 feet (1200 m) of outcrop (Beroni and others, 1953); the largest exposure of Open-File Report 78-258, 44 p. quadrangle, Washington County, Utah: Utah Geological Survey Open-File Report 395, 19 c o
tops; 0 to 5 feet (0—1.5 m) thick. uranium-bearing rock, at the mine location shown in the NEV4 section 21 (Lynn No. Bureau of Land Management, 2009, Land and Mineral Legacy Rehost 2000 System — p-, 1 plate, scale 1:24,000. §
3 claim), has a weighted average ore grade of 0.13% U,O, (Beroni and others, 1953). LR2000: Online, U.S. Department of the Interior, Bureau of Land Management, Wilson, M.T., and Thomas, H.E., 1964, Hydrology and hydrogeology of Navajo Lake, Kane -%
L Qre Residual and eolian deposits (Holocene to upper[?] Pleistocene) — Reddish-brown Dasch (1967) estimated that between 100 and 1000 tons of ore was mined from the <www.blm.gov/1r2000/>, accessed November 19, 2009. County, Utah: U.S. Geological Survey Professional Paper 417-C, 26 p., 3 plates, geologic o ]
DRSS silt and fine sand with scattered subangular gravel derived from the Crystal Creek Bulloch claims between 1949 and 1962; Doelling and Davis (1989) reported no Cashion, W.B., 1961, Geology and fuels resources of the Orderville-Glendale area, Kane map scale 1:62,500.
Member of the Carmel Formation; deposited by in-place weathering of bedrock and production since 1973, and by 1995 all of the claims were closed (Bureau of Land County, Utah: U.S. Geological Survey Coal Investigations Map C-49, scale 1:62,500.
partly reworked by the wind; forms a thin (0 to 2 feet [0—-0.6 m]), discontinuous Management, 2009). Cashion, W.B., 1967, Geologic map of the south flank of the Markagunt Plateau, northwest ACKNOWLEDGMENTS . 7
mantle on top of the Co-op Creek Limestone. Kane County, Utah: U.S. Geological Survey Miscellaneous Geologic Investigations Map middle unconformity
m Conglomerate member (Lower Cretaceous, Albian) — Basal conglomerate is mapped 1-494, 1 plate, scale 1:62,500. This quadrangle is one of eight in the Zion National Park area that were mapped under
unconformity separately where outcrop thickness and extent allow; 8 to 120 feet (2—35 m) thick. Cifelli, R.L., Kirkland, J.I., Weil, A., Deino, A.L., and Kowallis, B.J., 1997, High-precision a cooperative agreement between the Utah Geological Survey and National Park Service.
“Ar/*?Ar geochronology and the advent of North America’s Late Cretaceous terrestrial Laird Naylor and David Sharrow (National Park Service) helped coordinate this mapping - -
CRETACEOUS unconformity (K) fauna: Proceedings of the National Academy of Sciences, v. 94, p. 11,163-11,167. project. Alan Deino (Berkeley Geochronology Center) provided the “Ar/*Ar age for .
Dasch, M.D., 1967, Uranium deposits of northeastern and western Utah, in Hintze, L.F., volcanic ash from the Cedar Mountain Formation, sampled from the Straight Canyon B Ksu GEOLOGIC SYMBOLS
Straight Cliffs Formation — Shown undivided where one or more members form JURASSIC Rigby, J.K., and Sharp, B.J., editors, Uranium districts of southeastern Utah: Utah Geologi- quadrangle during mapping of the Clear Creek Mountain quadrangle. Gerald Waanders Ks!
Ks bedrock blocks displaced by landsliding, but internal stratigraphy has remained cal Society Guidebook to the Geology of Utah, no. 21, p. 109-128. (consulting palynologist) provided pollen analyses and dating of several samples from the Kst
relatively intact (see “Landslide deposits”). T Carmel Formation — Shown undivided where one or more members form a bedrock Dickinson, W.R., Stair, K.N., Gehrels, G.E., Peters, L., Kowallis, B.J., Blakey, R.C., and Clear Creek Mountain quadrangle. Ithank Bob Biek, Hellmut Doelling, Jim Kirkland, and Cg kt | Geologic contact; dashed where approximately
block displaced by landsliding (NEY4SW¥4 section 7, T. 41 S., R. 8 W., SLBLM), but Greenhalgh, B.W., 2009, U-Pb zircon and *’Ar/**Ar biotite ages for tephra within the eolian Doug Sprinkel (UGS) for helpful conversations and field visits. The map benefitted from e} located
Ksu Upper unit (Upper Cretaceous, Santonian to Turonian) — Slope- and ledge-forming internal stratigraphy has remained relatively intact (see “Landslide deposits™). Middle Jurassic Page Sandstone at Lake Powell (Utah-Arizona) [abs.]: Geological Society reviews by Ed Sable (USGS, retired) and Francis Ashland (now at USGS), Bob Biek, Jim 8 Upper Kdu e ~ Internal contact; delineates boundary of
sandstone, siltstone, shale, and minor conglomerate; sandstone is subarkosic, light . . . . . of Amerlca Abstracts w1Fh Prograrps, v. 41, no. 6, p. 40. . . Kirkland, Robert Ressetar, and Grant Willis (UGS). |<£ Kdm Kd individual landslide within a landslide complex
gray, brown, and pale orange, typically trough cross-bedded; variegated shale near Jow Winsor Member (Middle Jurassic, Callovian to Bathonian) — Slope-forming, mostly Doelling, H.H., 2002, Interim geologic map of the Temple of Sinawava quadrangle, Washing- IEI\:J 66
top of unit is maroon and greenish gray. Limonite-stained pebble conglomerate and reddish-brown, fine-grained sandstone, siltstone, and minor shale; upper part of ton and Kane Counties, Utah: Utah Geological Survey Open-File Report 396, 16 p., 1 O unconformity — Y  _ _— Laterally continuous coal bed (coincides with
gritstone with clasts of quartzite and chert is poorly exposed locally in the lower 200 member is pale-yellow, friable, fine-grained silty sandstone. Upper contact is the plate, scale 1:24,000. ae Kem geologic contact); dashed where approximately
feet (60 m) of the unit; the conglomerate likely comprises multiple beds, one or more basal Cretaceous (K) unconformity. Deposited on a broad, sandy mud flat (Imlay, Doelling, H.H., and Davis, F.D., 1989, The geology of Kane County, Utah—geology, mineral IK— located; triangle indicates location of thickness
of which may be correlative with the Calico bed of Peterson (1969a). Deposited in 1980; Blakey and others, 1983). Thickness 180 to 280 feet (55—85 m). resources, geologic hazards: Utah Geological and Mineral Survey Map 121, scale Lower cmc measurement, in feet; LCZ, lower coal zone; UCZ,
fluvial, floodplain, and lagoonal environments of a coastal plain (Eaton and others, 1:100,000 (accompanies Utah Geological and Mineral Survey Bulletin 124). - T K unconformity upper coal zone
2001); interpreted to be correlative with Smoky Hollow Member and possibly John
Henry Member of the Straight Cliffs Formation of the Kaiparowits Plateau (see, for Jew ——6200—— — — —  Structure contour on top of upper unit of Co-op
example, Eaton and others, 2001). At least 700 feet (210 m) thick in the quadrangle, Jep Creek Limestone Member (red) and on top of
but upper contact not preserved. Tibbet Canyon Member (blue); dashed where
Jox Jc! projected; interval 100 feet
O Middle Jecu -t Fault; dashed where approximately located, dotted
% Jecl where concealed, queried where existence uncertain;
% J-2 unconformity (?) bar and ball on downthrown side where known
” Jtw Landslide scarp; hachures on down-dropped side
Jt?
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