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MAP UNIT DESCRIPTIONS 
 
 
QUATERNARY 
 
Alluvial deposits 
 
Qal1  Stream deposits (upper Holocene) – Stratified, moderately to well-sorted gravel, sand, silt, and 

clay deposited in stream channels, floodplains, and man-made flood conveyance channels; 
includes small alluvial-fan and colluvial deposits, and minor terraces less than 10 feet (3 m) above 
modern base level; 0 to 30 feet (0–10 m) thick. 

 
Qaly Young alluvial deposits (Holocene to upper Pleistocene) – Moderately sorted sand, silt, clay, and 

pebble to boulder gravel deposited in low-gradient stream channels and floodplains; includes 
abandoned floodplains of Coal Creek in Cedar Valley; locally includes colluvium from adjacent 
slopes; incised by active stream channels; probably less than 20 feet (6 m) thick. 

 
Qat Younger stream-terrace deposits (middle Holocene to upper Pleistocene) – Stratified, 

moderately to well-sorted gravel, sand, silt, and clay that forms dissected, level to gently sloping 
terraces as much as 25 feet (8 m) above modern drainages; deposited in stream-channel and 
floodplain environments and may include colluvium and alluvial fans too small to map separately; 
0 to 25 feet (0–8 m) thick. 

 
Qato Older stream-terrace deposits (upper to middle Pleistocene) – Moderately sorted sand, silt, and 

pebble to boulder gravel that forms isolated, gently sloping terraces incised into Jurassic and 
Triassic bedrock 90 to 320 feet (27–100 m) above Coal Creek; generally 0 to 30 feet (0–9 m) 
thick. 

 
Qaf1 Level-1 fan alluvium (Holocene to upper Pleistocene) – Poorly to moderately sorted, subangular 

to subrounded, clay- to boulder-size sediment deposited principally by debris flows and debris 
floods at the mouths of major drainages; deposits form active depositional surfaces, although 
locally the master stream may be deeply entrenched; equivalent to the upper part of younger fan 
alluvium (Qafy), but differentiated where deposits can be mapped separately; probably less than 
30 feet (<9 m) thick. 

 
Qaf2  Level-2 fan alluvium (lower Holocene to upper Pleistocene) – Similar to level-1 fan alluvium 

(Qaf1), but forms inactive, incised surfaces cut by younger stream and fan deposits; equivalent to 
the older, lower part of younger fan alluvium (Qafy); probably less than 30 feet (<9 m) thick.  

 
Qafy Younger fan alluvium (Holocene to upper Pleistocene) – Poorly to moderately sorted, non-

stratified, subangular to subrounded, boulder- to clay-size sediment deposited at the mouths of 
streams and washes; forms both active depositional surfaces (Qaf1 equivalent) and low-level 
inactive surfaces incised by small streams (Qaf2 equivalent) that are undivided here; deposited 
principally as debris flows and debris floods, but colluvium locally constitutes a significant part of 
the deposits; small isolated deposits are typically less than a few tens of feet thick, but large, 
coalesced deposits are probably as much as 200 feet (60 m) thick. 

 
Qafc Coalesced fan alluvium (Holocene to upper Pleistocene) – Similar to younger fan alluvium 

(Qafy) but forms large, coalesced fans in central Cedar Valley; typically exhibits a lower overall 
slope than younger fan alluvium; locally includes small eolian-sand deposits too small to map 
separately; unconsolidated to poorly consolidated basin-fill deposits are at least 2500 feet (760 m) 
thick in central Cedar Valley (Hurlow, 2002); only the uppermost part of this basin fill is included 
in map unit Qafc, which is likely in excess of several tens of feet thick. 
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Qap, Qapo 
 
 Pediment alluvium (Holocene and Pleistocene) – Poorly sorted, subangular to rounded, silt- to 

boulder-size alluvium that forms a locally resistant cap over gently-sloping erosional surfaces; 
south of Coal Creek, prominent clasts include basalt and reddish-orange Jurassic siltstone and 
sandstone; north of Coal Creek, prominent clasts include yellowish-brown Cretaceous sandstone 
and coquina, reddish-orange Jurassic siltstone and sandstone, and pale bluish-gray limestone of 
the Carmel Formation; older pediment deposits (Qapo) may be up to several hundred feet above 
modern base level and may contain clasts derived from strata that are exotic to modern drainages; 
Qapo is locally buried by coalesced landslide deposits (Qms); deposited principally as debris 
flows, debris floods, and as ephemeral stream channel deposits; 0 to 30 feet (0–10 m) thick. 

 
Qapf Fine-grained pediment alluvium (Pleistocene?) – Moderately to well sorted, reddish-orange, silt- 

to pebble-size alluvium deposited on eroded bedrock surfaces southeast of the mouth of Cedar 
Canyon; subangular to subrounded clasts are derived from local bedrock units; 2 to 10 feet (0.6–3 
m) of moderately developed pedogenic carbonate forms a resistant cap over the alluvial material; 
up to 80 feet (24 m) thick.  

 
Qafo Older alluvial-fan deposits (Pleistocene) – Poorly to moderately sorted, non-stratified, clay- to 

boulder-size sediment with moderately developed pedogenic carbonate; forms broad, gently 
sloping, dissected surfaces exposed due to relative uplift along normal faults paralleling Interstate 
15 in the southern part of Cedar City; deposited principally as debris flows and debris floods; 
prominent clasts include yellowish-brown Cretaceous sandstone, basalt, and reddish-orange 
Jurassic siltstone and sandstone; exposed thickness is less than 15 feet (<5 m). 

 
QTaf Basin-fill deposits (Pleistocene to Pliocene) – Poorly to moderately sorted, non-stratified, 

subangular to subrounded, clay- to boulder-size sediment with moderately to well-developed 
calcic soils (caliche); forms deeply dissected surfaces with no remaining fan morphology; widely 
exposed in the Cross Hollow Hills where exhumed as a fault-bounded horst block; prominent 
clasts include Tertiary volcanic rocks, pale-reddish-orange and light-pinkish-gray limestone and 
calcareous mudstone of the Claron Formation, and yellowish-brown Cretaceous siltstone, 
sandstone, and coquina; includes lesser amounts of chalcedony and recycled quartzite; quartz 
monzonite clasts are common in the extreme western part of the Cross Hollow Hills; deposits 
appear interbedded with at least two different lava flows (Qbc1 and Qbc2); a 1.12 ± 0.08 Ma 
(40Ar/39Ar) age for Qbc1 indicates the upper part of QTaf extends into the Quaternary; deposited 
principally as debris flows; locally rests on Tertiary volcanic rocks in the Cross Hollow Hills, on 
Jurassic sandstone at The Knoll, and on Tertiary volcanic rocks and Markagunt Megabreccia? east 
of Interstate 15 in the northeast part of the quadrangle; maximum exposed thickness is about 600 
feet (180 m). 

 
Colluvial deposits 
 
Qc Colluvium (Holocene to upper Pleistocene) – Poorly to moderately sorted, angular, clay- to 

boulder-size, locally derived sediment deposited principally by slope wash and soil creep on 
moderate slopes and in shallow depressions; locally includes talus and alluvium deposits too small 
to map separately; includes older colluvium now incised by adjacent drainages; typically less than 
20 feet (6 m) thick. 

 
Human-derived deposits 
 
Qh, Qhm, Qha  
 

Artificial fill (Historical) – Borrow material and engineered fill used to construct flood-control 
dams, retaining ponds and other uses; minor fill placed for roadways and building pads generally 
not mapped; includes waste rock from coal mines on Lone Tree Mountain (Qhm) and gypsum 
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quarries in Cedar Canyon; includes waste coal and ash (Qha) from former California Pacific 
Utilities power plant in Cedar Canyon. 

 
Mass-movement deposits 
 
Qmt, Qmtg 
 

Talus (Holocene to upper Pleistocene) – Poorly sorted, angular cobbles and boulders and finer-
grained interstitial sediment deposited principally by rock fall on or at the base of steep slopes; 
typically grades downslope into colluvium where impractical to differentiate the two; also may 
include alluvium in the bottom of washes; talus consisting primarily of gypsum (Qmtg) derived 
from the Paria River Member of the Carmel Formation (Jcpg) mapped separately; typically less 
than 30 feet (9 m) thick. 

 
Qms, Qmsh, Qmsh(Ktd), Qms(Qb), Qms(Ti), Qms(Tbh), Qms(Tc), Qms(Kcm), Qms(Ktd), Qms(Kst), 
Qms(Jcw)  
 

Landslides (Historical to middle[?] Pleistocene) – Very poorly sorted, locally derived material 
deposited by rotational and translational movement; composed of clay- to boulder-size debris as 
well as large, partly intact, bedrock blocks; characterized by hummocky topography, numerous 
internal scarps, chaotic bedding attitudes, and small ponds, marshy depressions, and meadows; the 
largest landslide complexes involve the Tropic Shale and Dakota Formation (Ktd) and are several 
square miles in size; undivided as to inferred age because even landslides having subdued 
morphology (suggesting that they are older, weathered, and have not experienced recent large-
scale movement) may continue to exhibit slow creep or are capable of renewed movement if 
stability thresholds are exceeded (Ashland, 2003); age and stability determinations require detailed 
geotechnical investigations; Qmsh denotes landslides known to be active in historical time, but 
any landslide deposit may have been active even if not so identified; where possible, landslide 
debris composed of a single map unit is mapped separately, with the bedrock unit identified in 
parentheses within the label—for example, Qms(Ktd); Qms(Tbh) denotes landslide material 
derived from Tertiary Brian Head Formation which consists of volcaniclastic mudstone, siltstone, 
sandstone, conglomerate, volcanic ash, and chalcedony (Biek and others, 2012); thickness highly 
variable. 

 
Mixed-environment deposits 
 
Qac Alluvium and colluvium (Holocene to upper Pleistocene) – Poorly to moderately sorted, clay- to 

boulder-size, locally derived sediment deposited in swales and small drainages by fluvial, slope-
wash, and creep processes; gradational with alluvial and colluvial deposits; generally less than 20 
feet (6 m) thick.  

 
Qea Eolian sand and alluvium (Holocene to upper Pleistocene) – Light-orangish-red, moderately to 

well-sorted, fine- to medium-grained eolian sand locally reworked by alluvial processes, and 
poorly to moderately sorted gravel, sand, and silt deposited in small stream channels; generally 
less than 20 feet (6 m) thick. 

 
Spring Deposits 
 
Qst Spring tufa (Holocene) – Light-gray calcareous tufa deposited at springs on Lone Tree Mountain. 
 
Basaltic lava flows 
 
Qbl, Qblc 
 

Lone Tree Mountain lava flows and cinder cone (Pleistocene?) – Medium- to dark-gray, 
crystal-poor basalt with small olivine phenocrysts; at least two to three flows erupted from a vent 
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area at a cinder cone (Qblc) on Lone Tree Mountain near the southern edge of the quadrangle; 
individual flows at Lone Tree Mountain are typically less than 30 feet (9 m) thick.  

 
Qbs Square Mountain lava flows (Pleistocene?) – Medium- to dark-gray, crystal-poor basaltic 

andesite capping Square Mountain near the southern edge of the quadrangle; correlation is 
uncertain, but may include individual flows sourced from both the nearby Lone Tree Mountain 
vent area (Qblc) to the east and a vent area near Pryor Knoll about 3.5 miles (5.6 km) to the south; 
individual flows are less than 40 feet (12 m) thick; stacked flows on Square Mountain are up to 
160 feet (50 m) thick. 

 
Qbc1, Qbc2 
 

Cross Hollow Hills lava flows (lower Pleistocene) – Mapped as two separate lava flows in the 
Cross Hollow Hills, with Qbc1 being the youngest flow: Qbc1 is dark-gray, crystal-poor 
trachybasalt; Qbc2 is dark-gray, crystal-poor basalt with small olivine phenocrysts; source area is 
unknown—a local cinder cone may have eroded away, or the lava flows may have cascaded down 
the Hurricane Cliffs from vent areas at Lone Tree Mountain, Pryor Knoll, or other vent areas 
farther south; both flows appear interbedded with, and therefore deposited contemporaneously 
with, basin-fill deposits (QTaf); flows are displaced at least several tens of feet by east- and west-
dipping faults associated with the Cross Hollow Hills fault zone; Qbc1 yielded an 40Ar/39Ar 
isochron age of 1.12 ± 0.08 Ma (UGS and Nevada Isotope Geochronology Laboratory, in 
preparation), which agrees well with a K-Ar age of 1.2 ± 0.1 Ma reported by Anderson and 
Rowley (1975); major- and trace-element geochemistry (table 1) shows Qbc1 and Qbc2 are distinct 
flows; based on relative position, Qbc2  is likely only slightly older than Qbc1; individual flows are 
typically 10 to 30 feet (3–9 m) thick. 

 
TERTIARY 
 
Tm(Ti), Tm(Tql), Tm(Tqcb), Tm(Tqh) 
 
Markagunt Megabreccia (lower Miocene) – Chaotic mass of Miocene and Oligocene volcanic rocks 
interpreted to be part of the Markagunt Megabreccia (Anderson, 1993; Sable and Maldonado, 1997; Biek 
and others, 2012) that covers several hundred square miles of the central and northern Markagunt Plateau 
(Biek and others, 2012); typically consists of highly attenuated slivers of Isom Formation (Tm[Ti]), Leach 
Canyon Formation (Tm[Tql]), Bauers Tuff Member of the Condor Canyon Formation (Tm[Tqcb]), and the 
Harmony Hills Tuff (Tm[Tqh]); typically forms low, rubble-covered hills; megabreccia deposits near 
Interstate 15 are locally covered by basin-fill deposits (QTaf) and extensive landslide deposits (Qms) 
composed of various Cretaceous units; interpreted by Biek and others (2012) as basal gravity-slide deposits 
derived from the catastrophic failure of oversteepened slopes associated with the pre-caldera inflation of 
the  Marysvale volcanic field between about 20 and 22 Ma; the combined thickness of the allochthonous 
Leach Canyon and Isom Formations near the northeast corner of the quadrangle is about 300 feet (90 m). 
 
Quichapa Group (lower Miocene to upper Oligocene) – Consists of three regionally distinctive ash-flow 
tuffs: in ascending order, the Leach Canyon Formation, Condor Canyon Formation, and Harmony Hills 
Tuff (Mackin, 1960; Williams, 1967; Anderson and Rowley, 1975; Rowley and others, 1995).   
 
Tqh Harmony Hills Tuff (lower Miocene) – Pale-pink to grayish-orange-pink, crystal-rich, 

moderately welded, dacitic ash-flow tuff; contains about 50% phenocrysts of plagioclase (63%), 
biotite (16%), hornblende (9%), quartz (7%), pyroxene (5%), and sanidine (trace) (Williams, 
1967); disconformably overlies the Bauers Tuff in adjacent quadrangles, but mapped here as thin 
slivers of allochthonous megabreccia near Interstate 15; source of the Harmony Hills Tuff 
unknown but isopachs are centered on Bull Valley (Williams, 1967), suggesting that it was 
derived from the eastern Bull Valley Mountains, probably from an early, much more voluminous 
eruptive phase of the Bull Valley/Hardscrabble Hollow/Big Mountain intrusive arch, as suggested 
by Blank (1959), Williams (1967), and Rowley and others (1995, 2008); consistent with this 
interpretation is the fact that the 40Ar/39Ar plateau age of the Harmony Hills Tuff is 22.03 ± 0.15 
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Ma (Cornell and others, 2001), nearly identical to that of those intrusions; incomplete sections are 
less than 50 feet (15 m) thick. 

 
Tqcb Bauers Tuff Member of Condor Canyon Formation (lower Miocene) – Resistant, light-

brownish-gray to pinkish-gray, densely welded, rhyolitic ash-flow tuff; contains about 10 to 20% 
phenocrysts of plagioclase (40–70%), sanidine (25–50%), biotite (2–10%), Fe-Ti oxides (1–8%), 
and pyroxene (<3%), but lacks quartz phenocrysts (Rowley and others, 1995); bronze-colored 
biotite and light-gray flattened lenticules are conspicuous; disconformably overlies the Leach 
Canyon Formation; derived from the northwest part (Clover Creek caldera) of the Caliente caldera 
complex and at the time of its eruption, covered an area of at least 8900 square miles (23,000 km2) 
(Best and others, 1989b; Rowley and others, 1995); the preferred 40Ar/39Ar age of the Bauers Tuff 
is 22.7 Ma (Best and others, 1989a) or 22.8 Ma (Rowley and others, 1995), which is also the 
40Ar/39Ar age of its intracaldera intrusion exposed just north of Caliente (Rowley and others, 
1994b); Fleck and others (1975) reported K-Ar ages of 22.1 ± 0.6 Ma (plagioclase) and 20.7 ± 0.5 
Ma (whole rock) for Bauers Tuff on the Markagunt Plateau; typically highly attenuated; highly 
attenuated and incomplete sections are less than 30 feet (9 m) thick. 

 
Tql Leach Canyon Formation (upper Oligocene) – Light-pinkish- to orangish-gray, poorly to 

moderately welded, crystal-rich ash-flow tuff that contains abundant lithic clasts, including 
distinctive reddish-brown cinder fragments and white to pale-yellow pumice fragments; contains 
25 to 35% phenocrysts of plagioclase, slightly less but subequal amounts of quartz and sanidine, 
and minor biotite, hornblende, Fe-Ti oxides, and a trace of pyroxene; disconformably overlies the 
Isom Formation; source is unknown, but it is probably the Caliente caldera complex because 
isopachs show that it thickens toward the complex (Williams, 1967; Rowley and others, 1995); is 
widely agreed to be about 23.8 Ma (Best and others, 1993; Rowley and others, 1995; Biek and 
others, 2012); exposed thickness is less than 80 feet (<24 m). 

 
Ti Isom Formation (upper Oligocene) – Medium-gray to reddish-brown, crystal-poor, densely 

welded, trachydacitic ash-flow tuff; poor exposures in the map area typically form gruss-covered 
hills; source is unknown, but isopach maps and pumice distribution suggest that it was derived 
from late-stage eruptions of the 27–32 Ma Indian Peak caldera complex that straddles the Utah-
Nevada border, possibly in an area now concealed by the western Escalante Desert (Rowley and 
others, 1979; Best and others, 1989a, 1989b); is about 26 to 27 Ma on the basis of many 40Ar/39Ar 
and K-Ar ages (Best and others, 1989b; Rowley and others, 1994a); maximum exposed thickness 
in the Cross Hollow Hills is less than 200 feet (<60 m).   

 
unconformity 
 
Tcp Pink member of Claron Formation (Eocene and Paleocene) – Orangish-red, reddish-brown, and 

light-blue-gray limestone, mudstone, siltstone, sandstone, and conglomerate exposed at two 
isolated outcrops north and south of the Fiddler Canyon fan; locally mottled; oncolitic beds are 
common. Limestone is poorly bedded, microcrystalline, generally sandy with 2 to 20% fine-
grained quartz sand, and is locally argillaceous; it now forms calcic paleosols, once fluvial and 
floodplain deposits greatly modified by bioturbation and pedogenic processes (Mullett and others, 
1988a, 1988b; Mullett, 1989; Mullett and Wells, 1990);  sandstone is thick-bedded, fine- to 
coarse-grained, calcareous, locally cross-bedded quartz arenite;  mudstone is generally moderate 
reddish orange, silty, calcareous, contains calcareous nodules, and weathers to earthy, steep slopes 
between ledges of sandstone and limestone; pebbly conglomerate forms lenticular beds typically 5 
to 15 feet (2–5 m) thick containing rounded quartzite, limestone, and chert pebbles and cobbles; 
formation lies on an angular unconformity over tilted beds of the Dakota and Wahweap 
Formations; exposed thickness is less than 210 feet (65 m). 

Claron Formation strata are among the most visually arresting rocks in southwestern 
Utah, being prominently displayed at Cedar Breaks National Monument and Bryce Canyon 
National Park among other places. However, because the formation lacks a type section and was 
named for incomplete, fault-bounded exposures in the Iron Springs mining district, the 
nomenclatural history of these rocks is complicated as described by Biek and others (2012).  The 
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formation contains two informal members―an upper white member not present in this map area 
and the lower pink member―and as now defined it lacks volcanic clasts or ash-flow or ash-fall 
tuff.  Claron strata were deposited in fluvial, floodplain, and lacustrine environments of an 
intermontaine basin bounded by Laramide uplifts; the pink member is almost wholly fluvial and 
the white member is both lacustrine and fluvial (Goldstrand, 1990, 1991, 1992, 1994; Bown and 
others, 1997).  Anderson and Dinter (2010) and Biek and others (2012) showed that east-vergent, 
Sevier-age compressional deformation continued into early Claron time in the High Plateaus of 
southwestern Utah.  The age of the white member is well constrained as late middle Eocene 
(Duchesnean land mammal age) based on sparse vertebrate fossils and constraining U-Pb zircon 
ages of overlying strata (Biek and others, 2012, and references therein), but the maximum age of 
the mostly nonfossiliferous pink member is poorly constrained as Eocene to Paleocene(?) 
(Goldstrand, 1994).  Biek and others (2012) noted that the lower part of the pink member is likely 
Paleocene in age, but given its paucity of datable materials, could not rule out the possibility of a 
latest Cretaceous age. 

 
unconformity 
 
CRETACEOUS 
 
Kw Wahweap Formation (Upper Cretaceous) – Interbedded brown and reddish-brown, fine- to 
medium-grained calcareous sandstone, siltstone, and mudstone; repetitive sandstone and siltstone beds are 
commonly cross-bedded and form ledgy slopes; contains uncommon pebbly sandstone; top of formation 
not exposed due to truncation along the pre-Claron unconformity; deposited in braided and meandering 
river and floodplain environments of a coastal plain (Tilton, 1991; Pollock, 1999; Lawton and others, 
2003); map relations indicate the incomplete section north of the mouth of Fiddlers Canyon is about 1000 
feet (300 m) thick. 
 
Straight Cliffs Formation (Upper Cretaceous)  
 
Peterson (1969) divided the Straight Cliffs Formation into four members in the Kaiparowits Basin: in 
ascending order, the Tibbet Canyon, Smoky Hollow, John Henry, and Drip Tank Members. Several 
geologists mapped these members (separately or as lumped upper and lower Straight Cliffs strata) on the 
Paunsaugunt Plateau, including Tilton (1991, 2001a, 2001b), Doelling and Willis (1999), Sable and 
Hereford (2004), and Doelling (2008). Biek and others (2012) described the difficulty encountered in early 
attempts to carry this nomenclature westward into the Markagunt Plateau.  
 
Ksd Drip Tank Member (Upper Cretaceous) – White to light-gray, medium-grained sandstone and 

pebbly conglomerate; larger clasts (pebble to cobble) are subrounded to rounded, white, gray, and 
purplish-red quartzite, and locally minor blue-gray Paleozoic limestone and black chert; sand 
matrix consists of white to light-gray, subangular sand and silt; locally iron stained; forms a low, 
narrow ridge; these beds were formerly called the lower conglomerate member of the Grand 
Castle Formation, but Biek and others (2012) established their Drip Tank correlation; deposited by 
east- and northeast-flowing braided streams (Tilton, 1991, 2001a, 2001b; Lawton and others, 
2003); thickness ranges from 10 to 25 feet (3–8 m). 

 
unconformity 
 
Ksj John Henry Member (Upper Cretaceous) – Yellowish- to reddish-brown, fine- to medium-

grained subarkosic sandstone and siltstone and interbedded, locally mottled, gray, brown, and 
reddish-brown mudstone; rippled near the base; woody material and leaf impressions are locally 
abundant; deposited in fluvial and floodplain environments of a coastal plain (Eaton and others, 
2001); together with the underlying Smoky Hollow and Tibbet Canyon Members, forms an overall 
regressive sequence following the last marine incursion of the Western Interior Seaway (see, for 
example, Eaton and others, 2001; Moore and Straub, 2001; Tibert and others, 2003); about 450 
feet (135 m) thick. 
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unconformity 
 
Kss Smoky Hollow Member (Upper Cretaceous) – Brown and gray mudstone, carbonaceous shale, 

and thin, interbedded, yellowish-brown, fine-grained sandstone; oyster coquina beds are common 
throughout; locally contains gastropods; along the base of the Hurricane Cliffs near the mouth of 
Fiddlers Canyon, Smoky Hollow strata form a strike valley between the more resistant, west-
dipping sandstones of the Tibbet Canyon and John Henry Members; contact placed at top of the 
highest coquina bed below a basal yellowish-brown rippled sandstone of the John Henry Member; 
about 250 feet (75 m) thick. 

 
Kst Tibbet Canyon Member (Upper Cretaceous) – Yellowish-brown, medium- to thick-bedded, 

generally planar bedded, fine- to medium-grained quartzose sandstone and interbedded gray 
mudstone, carbonaceous shale, and thin to thick beds of oyster coquina; generally forms bold 
cliffs, although from east to west across the quadrangle, the component of interbedded mudstone, 
shale, and coquina increases, resulting in several alternating slopes and cliffy ledges; represents 
initial progradational (overall regressive) strata of the Greenhorn Cycle deposited in shoreface, 
beach, lagoonal, and estuarine environments adjacent to a coastal plain (Laurin and Sageman, 
2001; Tibert and others, 2003); about 650 feet (200 m) thick. 

 
Ktd Tropic Shale and Dakota Formation, undivided (Upper Cretaceous) – Interbedded, slope- and 
ledge-forming sandstone, siltstone, mudstone, claystone, carbonaceous shale, coal, and marl; sandstone is 
yellowish brown, thin to very thick bedded, fine to medium grained; mudstone and claystone are gray to 
reddish brown and commonly smectitic; oyster coquina beds, clams, and gastropods are common; 5 to 12 
feet (1.5–4 m) of dark gray and yellowish-brown sandy mudstone, coal, and shale near the top of the map 
unit represent a thin (0 to 8 feet [0–2.5 m] thick) Tropic Shale and underlying Upper Culver coal zone of 
Averitt (1962) and Averitt and Threet (1973); Tropic and Dakota strata are typically poorly exposed and 
involved in large landslide complexes; deposited in marginal-marine environments including floodplain, 
river, estuarine, lagoonal, and swamp environments for the Dakota Formation (Gustason, 1989; Eaton and 
others, 2001; Laurin and Sageman, 2001; Tibert and others, 2003) and a shallow-marine environment 
dominated by fine-grained clastic sediment for the Tropic Shale (Tibert and others, 2003); the Dakota 
Formation is about 950 feet (290 m) thick in Cedar Canyon. 
 
unconformity 
 
Kcm Cedar Mountain Formation (Cretaceous) – Grayish-brown, poorly cemented, basal 
conglomerate overlain by brightly colored variegated mudstone; conglomerate ranges from 0 to 10 feet (0–
3 m) thick and contains subrounded to rounded, pebble- to small-cobble-size quartzite, chert, and limestone 
clasts; mudstone is variegated gray, purplish red, and reddish brown; clay is smectitic and weathers to 
"popcorn-like" soils; upper contact is poorly exposed and corresponds to a color and lithologic change, 
from comparatively brightly colored smectitic mudstone below to gray and light-yellowish-brown 
mudstone and fine-grained sandstone above; volcanic ash from correlative strata on the Kolob Plateau 
yielded a single-crystal 40Ar/39Ar age of 97.9 ± 0.5 Ma on sanidine (Biek and Hylland, 2007), and pollen 
analyses indicate an Albian or older age (Doelling and Davis, 1989; Hylland, 2010); Dyman and others 
(2002) obtained an 40Ar/39Ar age of 101.7 ± 0.42 Ma (latest Albian) on similar strata near Gunlock; 
additionally, palynomorphs from a thin mudstone interval in Cedar Canyon (NW1/4 NW1/4 SE1/4 section 
17, T. 36 S., R. 10 W.), including rare occurrences of Trilobosporites humilis and possibly Pseudoceratium 
regium,  suggest a late Albian age for this horizon (M.D. Hylland, Utah Geological Survey, unpublished 
data, November 9, 2001); deposited in floodplain environment of a broad coastal plain (Tschudy and 
others, 1984; Kirkland and others, 1997; Cifelli and others 1997; Kirkland and Madsen, 2007); previously 
mapped as the lower part of the Dakota Formation, but the lithology, age, and stratigraphic position of 
these beds suggest correlation with the Cedar Mountain Formation (Biek and others, 2000, 2009, 2012; 
Biek and Hylland, 2007); specifically, the mudstone interval appears to be time-correlative with the 
Mussentuchit Member of the Cedar Mountain Formation of central and eastern Utah (Hylland, 2010); 
detrital zircons in the stratigraphically equivalent basal conglomerate near Gunlock Reservoir indicate a 
correlation with the Short Canyon member (conglomerate) that locally underlies the Mussentuchit Member 
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in the western San Rafael Swell (Gary Hunt, UGS, verbal communication in Hylland, 2010) typically 50 to 
60 feet (15–18 m) thick. 
 
unconformity 
 
JURASSIC to UPPERMOST TRIASSIC 
 
Carmel Formation (Middle Jurassic) – Nomenclature follows that of Sprinkel and others (2011); 
deposited in a shallow inland sea of a back-bulge basin—together with the underlying Temple Cap 
Formation, the first clear record of the effects of the Sevier orogeny in southwestern Utah; age from Imlay 
(1980). 
 
Jcw Winsor Member (Middle Jurassic) – Light-reddish brown, fine- to medium-grained sandstone 

and siltstone; uppermost beds typically bleached white under the Cretaceous unconformity; poorly 
cemented and so weathers to vegetated slopes or, locally, badland topography; Winsor strata are 
unusually well-cemented and form a bold cliff at the head of Squaw Creek; deposited on a broad, 
sandy mudflat (Imlay, 1980; Blakey and others, 1983); 250 to 300 feet (75–90 m) thick. 

 
Jcp, Jcpl, Jcpg 
 

Paria River Member (Middle Jurassic) – Consists of two parts mapped separately where 
possible: (1) upper part (Jcpl) is about 35 to 50 feet (11–15 m) of cliff-forming, olive-gray, 
micritic and argillaceous limestone and calcareous mudstone; laminated in very thick beds; locally 
contains small pelecypod fossils; (2) lower part (Jcpg) is massive alabaster gypsum as much as 
120 feet (37 m) thick in nodular, highly fractured and contorted beds and as thin, laminated beds; 
upper contact with the Winsor Member is sharp and planar; deposited in shallow-marine and 
coastal-sabkha environments (Imlay, 1980; Blakey and others, 1983); about 170 feet (52 m) thick. 

 
Jcx Crystal Creek Member (Middle Jurassic) – Thin- to medium-bedded, reddish-brown siltstone, 

mudstone, and fine- to medium-grained sandstone; commonly gypsiferous and contains local 
contorted pods of gypsum; forms vegetated, poorly exposed slopes; upper contact is sharp and 
broadly wavy and corresponds to the base of the thick Paria River gypsum bed; deposited in 
coastal-sabkha and tidal-flat environments (Imlay, 1980; Blakey and others, 1983); 295 feet (90 
m) thick in Cedar Canyon. 

 
Jcc Co-op Creek Limestone Member (Middle Jurassic) – Regionally divisible into two informal 

units, but undivided here due to poor exposure and structural complications: (1) upper unit is thin- 
to thick-bedded, light-gray and  yellowish-gray micritic limestone and calcareous siltstone and 
shale that weathers into small plates, slabs, and pencil-like fragments; about 300 feet (90 m) below 
the top of the upper unit is a distinctive 54-foot-thick (16 m) interval of light-red sandstone, 
siltstone, and mudstone, and white alabaster gypsum shown on the map as a marker bed; total 
thickness of upper unit is 467 feet (142 m); (2) lower unit is thinly laminated to thin-bedded, light-
gray micritic limestone, calcareous shale, and platy limestone; limestone is locally oolitic and 
contains crinoid fragments and fossil hash; forms steep, ledgy slopes; contact with upper unit 
corresponds to a subtle break in slope and change in vegetation patterns; deposited in a shallow-
marine environment (Imlay, 1980; Blakey and others, 1983); total thickness from measured 
sections in Cedar Canyon and at White Mountain is 634 feet (193 m; D.A. Sprinkel, Utah 
Geological Survey, written communication, September 6, 2012). 

 
Temple Cap Formation (Middle to Lower Jurassic) 
 
Jtm Manganese Wash Member (Middle to Lower Jurassic) – Slope-forming, light-reddish-orange to 

medium-brown mudstone, siltstone, and fine-grained silty sandstone; contains several laterally 
discontinuous white and light-gray alabaster gypsum beds as much as 50 feet (15 m) thick; forms 
narrow, but prominent, deep-reddish-brown, vegetated slope with a prominent gypsum cap at the 
top of the Navajo Sandstone; upper contact placed below light-gray calcareous shale and micritic 
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limestone of the Co-op Creek Limestone Member; deposited in coastal-sabkha and tidal-flat 
environments (Blakey, 1994; Peterson, 1994); the Temple Cap in the Cedar City quadrangle lacks 
the eolian sandstone (White Throne Member) of the Zion National Park area, and therefore I 
follow the recommendation of Sprinkel and others (2011) and use the new Manganese Wash 
Member name designated for similar strata in the Pine Valley Mountains-Gunlock area; Sprinkel 
and others (2009) and Kowallis and others (2011) reported that the Temple Cap Formation ranges 
from about 179 to 171 Ma based on several 40Ar/39Ar and U-Pb zircon ages; a section measured on 
the south slope of White Mountain totaled 120 feet (37 m) thick (D.A. Sprinkel, Utah Geological 
Survey, written communication, September 6, 2012). 

 
Unconformity  
 
Jn  Navajo Sandstone, main body (Lower Jurassic) – Pale-reddish-orange to salmon-pink, massively 
cross-bedded, calcareously cemented sandstone that consists of well-rounded, fine- to medium-grained, 
frosted quartz sand; commonly highly brecciated; exposures near The Knoll are bleached white; upper, 
unconformable contact is sharp and planar and regionally corresponds to a prominent break in slope, with 
cliff-forming, cross-bedded sandstone below and reddish-brown mudstone and white gypsum above; 
deposited in a vast coastal and inland dune field with prevailing winds principally from the north (Blakey, 
1994; Peterson, 1994); correlative in part with the Nugget Sandstone of northern Utah and Wyoming and 
the Aztec Sandstone of southern Nevada and adjacent areas (see, for example, Kocurek and Dott, 1983; 
Riggs and others, 1993; Sprinkel, 2009); ranges from about 1200 to 1400 feet (365–425 m) thick. 
 
Kayenta Formation (Lower Jurassic)  
 
Marzolf (1994) and Blakey (1994) presented evidence to restrict the Moenave Formation to the Dinosaur 
Canyon and Whitmore Point Members, with a major regional unconformity at the base of the Springdale 
Sandstone. Further work supports this evidence, indicating that the Springdale Sandstone is more closely 
related to the Kayenta Formation and should be made its basal member (see, for example, Lucas and 
Heckert, 2001; Molina-Garza and others, 2003; Lucas and Tanner, 2006). 
 
Jkc Cedar City Tongue of Kayenta Formation (Lower Jurassic) – Moderate- to dark-reddish-brown, 

thin- to thick-bedded siltstone, fine-grained sandstone, and mudstone that separates the main body 
and Shurtz Tongue of the Navajo Sandstone; sandstone and siltstone have planar, low-angle, and 
rippled bedding; cross-cutting gypsum veinlets are common; forms steep, ledgy slope; upper 
contact is conformable and corresponds to the top of the highest thin siltstone and mudstone beds, 
above which are the towering cliffs of the main body of the Navajo Sandstone; deposited in distal 
river, playa, and minor lacustrine environments (Tuesink, 1989; Sansom, 1992; Blakey, 1994; 
Peterson, 1994); 425 feet (130 m) thick in Cedar Canyon. 

 
Jns Shurtz Tongue of Navajo Sandstone (Lower Jurassic) – Similar to main body of Navajo 

Sandstone but bedding is markedly more planar with few large-scale cross-beds; unit is unusually 
thick immediately north of State Route 14 in Cedar Canyon where it is likely structurally 
thickened by unmapped bedding-parallel thrust faults; about 300 feet (90 m) thick where it caps 
Red Hill; deposited in a coastal dune field and sabkha environment; thins abruptly to the south 
where it is only about 60 feet (20 m) thick near the west-central edge of the Cedar Mountain 
quadrangle only 8 miles (13 km) to the south of Red Hill (Averitt, 1962), and farther south it 
appears to pinch out southward near Kanarraville (Biek and Hayden, 2013). 

 
Jkm Kayenta Formation, main body (Lower Jurassic) – Pale- to dark-reddish-brown siltstone, fine-

grained sandstone, and mudstone similar to the Cedar City Tongue of the Kayenta Formation; 
includes several thin light-gray siltstone beds, giving the unit a striped appearance; forms a steep 
slope grading up to ledgy cliffs at top; upper conformable contact placed at the base of thick, 
planar-bedded sandstone ledge of the Shurtz Tongue; equivalent to the lower member of the 
Kayenta Formation of Averitt and others (1955) and Averitt and Threet (1973), but renamed here 
since this interval is no longer considered the basal part of the formation with the inclusion of the 
underlying Springdale Sandstone; Milner and Spears (2007) reported theropod tracks in the 
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Kayenta Formation near the water tank above the Cedar City golf course; deposited in distal river, 
playa, and minor lacustrine environments (Tuesink, 1989; Sansom, 1992; Blakey, 1994; Peterson, 
1994); about 290 feet (88 m) thick in Cedar Canyon. 

 
Jks Springdale Sandstone Member (Lower Jurassic) – Pale purple, medium- to thick-bedded, fine- 

to medium-grained sandstone with planar and low-angle cross-stratification, and minor, 
discontinuous lenses of moderate-reddish-brown or greenish-gray mudstone and siltstone; forms a 
steep, ledgy slope rather than a single prominent cliff as in Zion National Park; upper contact 
placed at top of highest pale-purple siltstone ledge below red beds of the main body of the 
Kayenta Formation; deposited in braided-stream and minor floodplain environments (Clemmensen 
and others, 1989; Blakey, 1994; Peterson, 1994; DeCourten, 1998); about 135 feet (40 m) thick in 
Cedar Canyon. 

unconformity 
 
Moenave Formation (Lower Jurassic to Upper Triassic) 
 
JTRmd Dinosaur Canyon Member (Lower Jurassic to Upper Triassic) – Generally thin-bedded, 

moderate-reddish-brown and moderate-reddish-orange, fine-grained sandstone, fine-grained silty 
sandstone, and lesser siltstone and mudstone with planar, low-angle, and ripple cross-
stratification; mudstone locally yields small selenite crystals; basal part typically includes a single 
bed of reddish-brown, fine-grained silty sandstone up to 45 feet (14 m) thick; siltstone and 
sandstone beds are locally "speckled" by small, light-tan and white reduction spots; in the middle 
part of the member, about 20 feet (6 m) above the silty sandstone ledge, a 1- to 3-foot-thick (0.3–1 
m) ledge of light-gray, dolomitic limestone (mapped as a marker bed) with conspicuous reddish-
brown chert blebs may be the thin, distal northern end of strata associated with the Whitmore 
Point Member of the Moenave Formation (Milner and Spears, 2007); upper unconformable 
contact is placed where the color of alternating sandstone and siltstone ledges changes from 
reddish brown to pale purple of the Springdale Sandstone; deposited in river-channel and 
floodplain environments of a northward-flowing river system (Clemmensen and others, 1989; 
Blakey, 1994; Peterson, 1994; DeCourten, 1998); age from Molina-Garza and others (2003) and 
Lucas and others (2005); about 300 feet (90 m) thick in Cedar Canyon. 

 
 unconformity 
 
TRIASSIC 
 
Chinle Formation (Upper Triassic) 
 
TRcp Petrified Forest Member (Upper Triassic) – Bright purple, grayish-red, dark-reddish-brown, 

light-greenish-gray, and olive-gray bentonitic mudstone, claystone, and siltstone that weather to a 
“popcorn” surface; locally contains prominent but laterally discontinuous, dark-purple to yellow-
brown sandstone and pebbly sandstone ledges; upper contact placed at the top of a 1- to 3-foot-
thick (0.3–1 m) bed of light-gray nodular limestone; deposited in a variety of fluvial, floodplain, 
and lacustrine environments of a back-arc basin formed inland of a magmatic arc associated with a 
subduction zone along the west coast of North America (Stewart and others, 1972a; Dickinson and 
others, 1983; Lucas, 1993; Dubiel, 1994; DeCourten, 1998); about 300 feet (90 m) thick in Cedar 
Canyon. 

TRcs Shinarump Conglomerate Member (Upper Triassic) – Greenish-gray and pale-yellow-brown, 
medium- to coarse-grained sandstone, pebbly sandstone, and lesser pebbly conglomerate, locally 
with silty sandstone, claystone, and smectitic claystone interbeds, that forms prominent hogbacks; 
clasts are subrounded chert and quartzite; mostly thick bedded with both planar and low-angle 
cross-stratification; commonly stained by iron-manganese oxides, locally forming “picture stone”; 
contains poorly preserved petrified wood and plant debris, commonly replaced in part by iron-
manganese oxides; upper contact marks a sharp topographic break and typically corresponds to the 
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first appearance of varicolored, swelling mudstone; due to substantial bentonitic mudstone that 
resembles the Petrified Forest Member below the Shinarump cliff in the Cedar City quadrangle, 
some have speculated that the prominent sandstone ledge there could be either the Sonsela or 
Mossback Member of the Chinle Formation and that the Shinarump is absent (e.g., Hintze, 2005); 
however, field reconnaissance revealed an uninterrupted Shinarump ledge extending from the 
Kolob Canyons area of Zion National Park north to Cedar City; deposited in braided streams that 
flowed north and northwest (Stewart and others, 1972a; Dubiel, 1994; DeCourten, 1998); 
thickness varies from 30 to 50 feet (9–15 m). 

 
TRcl Lower member (Upper Triassic) – Medium-purple, dark-reddish-brown, and medium-greenish-

gray mudstone and siltstone with sparse thin lenses of silty sandstone; an iron-stained, dark-olive 
silicified limestone(?) bed near the top may be a paleosol; upper contact is sharp and placed below 
the Shinarump ledge; deposited in fluvial, floodplain, and lacustrine environments; about 200 feet 
(60 m) thick in Cedar Canyon; thins abruptly to the south to about 75 feet (23 m) at Shurtz Creek, 
and to about 25 feet (8 m) at Kanarra Mountain Road in the west-central part of the Cedar 
Mountain quadrangle, but appears to then thicken farther south into the Kolob Arch quadrangle 
since about 40 feet of grayish-purple mudstone appears below the Shinarump cliff adjacent to 
Kolob Canyon Road in Zion National Park. 

 
unconformity 
 
Moenkopi Formation (Lower Triassic) 
 
TRmu Upper red member (Lower Triassic) – Moderate-reddish-orange to moderate-reddish-brown, 

mostly thin- to medium-bedded siltstone, mudstone, and fine-grained sandstone with planar, low-
angle, and ripple cross-stratification; locally contains thin gypsum beds and abundant discordant 
gypsum stringers and typically forms ledgy slopes; locally includes a prominent, dark-reddish-
brown, cliff-forming, 20- to 30-foot-thick (6-9 m), fine-grained sandstone near the top; upper, 
unconformable contact is at the conspicuous color change in mudstone from reddish-brown of the 
upper red member to medium grayish-purple of the lower member of the Chinle Formation; 
deposited in tidal-flat and coastal-plain environments (Stewart and others, 1972b; Dubiel, 1994); 
about 400 feet (120 m) thick in Cedar Canyon. 

 
TRms Shnabkaib Member (Lower Triassic) – Forms “bacon-striped,” ledgy slopes of laminated to thin-

bedded, gypsiferous, pale-red to moderate-reddish-brown mudstone and siltstone, resistant, white 
to greenish-gray gypsum, and minor thin, laminated, light-gray dolomite beds; gypsum is present 
as laterally continuous structureless beds, finely laminated commonly silty or muddy beds, 
nodular intervals as much as about 10 feet (3 m) thick, and as secondary cavity fillings and cross-
cutting veins; includes sparse limestone beds as much as about 5 feet (1.5 m) thick; typically 
weathers to soft, gypsiferous soils; upper conformable and gradational contact corresponds to the 
top of the highest thick gypsum bed; deposited in supratidal, intertidal, and subtidal environments 
on a broad, coastal shelf of low relief (Stewart and others, 1972b; Lambert, 1984); 320 feet (98 m) 
thick in Cedar Canyon. 

 
TRmm Middle red member (Lower Triassic) – Interbedded, slope-forming, laminated to thin-bedded, 

moderate-reddish-brown to moderate-reddish-orange siltstone, mudstone, and fine-grained 
sandstone with thin interbeds and veinlets of greenish-gray to white gypsum; includes two to three 
white alabaster gypsum beds up to 10 feet (3 m) thick near the base; upper, conformable and 
gradational contact corresponds to the base of the first thick gypsum bed of the Shnabkaib 
Member; deposited in a tidal-flat environment (Stewart and others, 1972b; Dubiel, 1994); 410 feet 
(128 m) thick in Cedar Canyon. 

 
TRmv Virgin Limestone Member (Lower Triassic) – Light-gray, light-olive-gray, and yellowish-brown 

limestone and silty limestone that forms three to four resistant ledges each as much as 25 feet (8 
m) thick; locally fossiliferous with circular and five-sided crinoid columnals and pelecypod shell 
hash; intervening slopes account for about 70% of the member and are mudstone and siltstone that 
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have variable gray, yellowish-gray, and grayish-purple hues; upper, conformable contact 
corresponds to the top of the uppermost Virgin limestone bed; deposited in a variety of shallow-
marine environments (Stewart and others, 1972b; Dubiel, 1994); 130 feet (40 m) thick. 

 
TRml Lower red member (Lower Triassic) – Interbedded, slope-forming, laminated to thin-bedded, 

moderate-reddish-brown mudstone, siltstone, and fine-grained sandstone with local, thin, 
laminated, light-olive-gray gypsum beds and veinlets; upper contact corresponds to the base of the 
first Virgin limestone bed; deposited in a tidal-flat environment (Stewart and others, 1972b; 
Dubiel, 1994); about 250 feet (75 m) thick. 

 
TRmt Timpoweap Member (Lower Triassic) – Light-yellow- to blue-gray thick-bedded limestone with 

locally abundant light-yellowish- to orangish-tan chert; includes several feet of light-yellow-gray 
shaly limestone at top; commonly brecciated due to involvement in thrust faulting; forms short, 
low, and discontinuous cliff at the base of the Hurricane Cliffs; upper contact with the lower red 
member is conformable and gradational and corresponds to a change from yellowish-weathering, 
light-gray thin-bedded siltstone and limestone to reddish-brown siltstone and mudstone above; 
deposited in a shallow-marine environment (Nielson and Johnson, 1979; Dubiel, 1994; Lucas and 
others, 2007); Lucas and others (2007) reported a late Smithian (early Olenekian) age for the unit 
and reiterated a correlation with the Sinbad Limestone of central and eastern Utah; exposed 
thickness is less than 120 feet (37 m). 

 
 

ACKNOWLEDGMENTS 
 
I thank Bob Biek (Utah Geological Survey, UGS) for sharing his knowledge of the local geology. Reviews 
by Bob Biek, Grant Willis, Robert Ressetar, and Mike Hylland, each with the UGS greatly improved this 
map. I also thank Bastien Chabaud (UGS volunteer summer field assistant) for his valuable field assistance. 
Buck Ehler (formerly UGS and now with the Utah Division of Forestry, Fire and State Lands) created 
many of the GIS files. Background information for some unit descriptions is modified from Biek and others 
(2012). 
 

REFERENCES 
 
Anderson, J.J., 1993, The Markagunt megabreccia—large Miocene gravity slides mantling the northern 

Markagunt Plateau, southwestern Utah: Utah Geological Survey Miscellaneous Publication 93-2, 
37 p. 

 
Anderson, J.J., and Rowley, P.D., 1975, Cenozoic stratigraphy of the southwestern High Plateaus of Utah, 

in Anderson, J.J., Rowley, P.D., Fleck, R.J., and Nairn, A.E.M., editors, Cenozoic geology of 
southwestern High Plateaus of Utah: Geological Society of America Special Paper 160, p. 1–52. 

 
Anderson, L.P., and Dinter, D.A., 2010, Deformation and sedimentation in the southern Sevier Foreland, 

Red Hills, southwestern Utah, in Carney, S.M., Tabet, D.E., and Johnson, C.L., editors, Geology 
of south-central Utah:  Utah Geological Association Publication 39, p. 338–366. 

 
Ashland, F.X., 2003, Characteristics, causes, and implications of the 1998 Wasatch Front  landslides, Utah: 

Utah Geological Survey Special Study 105, 49 p. 
 
Averitt, P., 1962, Geology and coal resources of the Cedar Mountain quadrangle, Iron County, Utah: U.S. 

Geological Survey Professional Paper 389, 71 p., 3 plates, scale 1:24,000. 
 
Averitt, P., Detterman, J.S., Harshbarger, J.W., Repenning, C.A., and Wilson, R.F., 1955, Revisions in 

correlation and nomenclature of Triassic and Jurassic formations in southwestern Utah and 
northern Arizona: American Association of Petroleum Geologists Bulletin, v. 39, no. 12, p. 2515–
2524. 

 



14 
 

Averitt, P., and Threet, R.L., 1973, Geologic map of the Cedar City quadrangle, Iron County, Utah: U.S. 
Geological Survey Geologic Quadrangle Map GQ-1120, scale  1:24,000. 

 
Best, M.G., Christiansen, E.H., and Blank, R.H., Jr., 1989a, Oligocene caldera complex and calc-alkaline 

tuffs and lavas of the Indian Peak volcanic field, Nevada and Utah: Geological Society of America 
Bulletin, v. 101, p. 1076–1090. 

 
Best, M.G., Christiansen, E.H., Deino, A.L., Gromme, C.S., McKee, E.H., and Noble, D.C., 1989b, 

Excursion 3A—Eocene through Miocene volcanism in the Great Basin of the western United 
States: New Mexico Bureau of Mines and Mineral Resources Memoir 47, p. 91–133. 

 
Best, M.G., Scott, R.B., Rowley, P.D., Swadley, W.C., Anderson, R.E., Gromme, C.S., Harding, A.E., 

Deino, A.L., Christiansen, E.H., Tingey, D.G., and Sullivan, K.R.,1993, Oligocene-Miocene 
caldera complexes, ash-flow sheets, and tectonism in  the central and southeastern Great Basin, in 
Lahren, M.M., Trexler, J.H., Jr., and Spinosa, C., editors, Crustal evolution of the Great Basin and 
Sierra Nevada: Field trip guide, Geological Society of America, Cordilleran and Rocky Mountain 
Sections meeting, p. 285–311. 

 
Biek, R.F., and Hayden, J.M., 2013, Interim geologic map of the Kanarraville quadrangle, Iron County, 

Utah: Utah Geological Survey Open-File Report 618, 24 p., 1 plate, scale 1:24,000. 
 

Biek, R.F., and Hylland, M.D., 2007, Geologic map of the Cogswell Point quadrangle, Washington, Kane, 
and Iron Counties, Utah: Utah Geological Survey Map 221, 2 plates, scale 1:24,000. 

 
Biek, R.F., Rowley, P.D., Anderson, J.J., and Maldonado, F., Moore, D.W., Eaton, J.G., Hereford, R., and 

Matyjasik, B., 2012, Interim geologic map of the Panguitch 30' x 60' quadrangle, Garfield, Iron, 
and Kane Counties, Utah: Utah Geological Survey Open-File Report 599, 124 p., 3 plates, scale 
1:62,500. 

 
Biek, R.F., Rowley, P.D., Hayden, J.M., Hacker, D.B., Willis, G.C., Hintze, L.F., Anderson, R.E., and 

Brown, K.D., 2009, Geologic map of the St. George and east part of the Clover Mountains 30' x 
60' quadrangles, Washington and Iron Counties, Utah: Utah Geological Survey Map 242, 2 plates, 
101 p., scale 1:100,000. 

 
Biek, R.F., Willis, G.C., Hylland, M.D., and Doelling, H.H., 2000, Geology of Zion National Park, Utah, in 

Sprinkel, D.A., Chidsey, T.C., and Anderson, P.B., editors, Geology of Utah’s parks and 
monuments: Utah Geological Association Publication 28, p. 107–138. 

 
Blakey, R.C., 1994, Paleogeographic and tectonic controls on some Lower and Middle Jurassic erg 

deposits, Colorado Plateau, in Caputo, M.V., Peterson, J.A., and Franczyk, K.J., editors, Mesozoic 
systems of the Rocky Mountain region, USA: Denver, Colorado, Rocky Mountain Section of the 
Society for Sedimentary Geology, p. 273–298. 

 
Blakey, R.C., Peterson, F., Caputo, M.V., Geesman, R.C., and Voorhees, B.J., 1983, Paleogeography of 

Middle Jurassic continental, shoreline, and shallow marine sedimentation, southern Utah, in 
Reynolds, M.W., and Dolley, E.D., editors, Mesozoic paleogeography of west-central United 
States: Denver, Colorado, Rocky Mountain Section of Society of Economic Paleontologists and 
Mineralogists, p. 77–100. 

 
Blank, H.R., Jr., 1959, Geology of the Bull Valley district, Washington County, Utah: Seattle, University of 

Washington, Ph.D. dissertation, 177 p. 
 
Bown, T.M., Hasiotis, S.T., Genise, J.F., Maldonado, F., and Bowers, E.M., 1997, Trace fossils of 

Hymenoptera and other insects, and paleoenvironments of the Claron Formation (Paleocene and 
Eocene), southwestern Utah, in Maldonado, F., and Nealey, L.D., editors, Geologic studies in the 



15 
 

Basin and Range-Colorado Plateau transition in southeastern Nevada, southwestern Utah, and 
northwestern Arizona, 1995: U.S. Geological Survey Bulletin 2153, p. 43–58. 

 
Cifelli, R.L., Kirkland, J.I., Weil, A., Deino, A.L., and Kowallis, B.J., 1997, High-precision 40Ar/39Ar 

geochronology and the advent of North America’s Late Cretaceous terrestrial fauna: Proceedings 
National Academy of Science USA, v. 94, p. 11163–11167. 

 
Clemmensen, L.B., Olsen, H., and Blakey, R.C., 1989, Erg-margin deposits in the Lower Jurassic Moenave 

Formation and Wingate Sandstone, southern Utah: Geological Society of America Bulletin, v. 
101, p. 759–773. 

 
Cornell, D., Butler, T., Holm, D., Hacker, D., and Spell, T., 2001, Stratigraphy and 40Ar/39Ar ages of 

volcanic rocks of the Pinto quadrangle, Colorado Plateau transition zone, SW Utah [abs.], in 
Erskine, M.C., Faulds, J.E., Bartley, J.M., and Rowley, P.D., editors, The geologic transition, High 
Plateaus to Great Basin—a symposium and field guide (The Mackin Volume): Utah Geological 
Association and Pacific Section of the American Association of Petroleum Geologists, Utah 
Geological Association Publication 30, p. 420-421. 

 
DeCourten, F., 1998, Dinosaurs of Utah: Salt Lake City, University of Utah Press, 300 p. 
 
Dickinson, W.R., Beard, S.L., Brakenridge, G.R., Erjavec, J.L., Ferguson, R.C., Inman, K.F., Knepp, R.A., 

Lindberg, F.A., and Ryberg, P.T., 1983, Provenance of North American Phanerozoic sandstones in 
relation to tectonic setting: Geological Society of America Bulletin, v. 94, p. 222-235. 

 
Doelling, H.H., 2008, Geologic map of the Kanab 30' x 60' quadrangle, Kane and Washington Counties, 

Utah, and Coconino and Mohave Counties, Arizona: Utah Geological Survey Miscellaneous 
Publication MP-08-2DM, scale 1:100,000. 

 
Doelling, H.H., and Davis, F.D., 1989, The geology of Kane County, Utah—geology, mineral resources, 

geologic hazards: Utah Geological and Mineral Survey Bulletin 124, 192 p., 10 plates, scale 
1:100,000. 

 
Doelling, H.H., and Willis, G.C., 1999, Interim geologic map of the SE part of the Panguitch 30' x 60' 

quadrangle, Garfield and Kane Counties, Utah: Utah Geological Survey Open-File Report 367, 10 
p., 1 plate, scale 1:100,000. 

 
Dubiel, R.F., 1994, Triassic deposystems, paleogeography, and paleoclimate of the Western Interior, in 

Caputo, M.V., Peterson, J.A., and Franczyk, K.J., editors, Mesozoic systems of the Rocky 
Mountain region, USA: Denver, Colorado, Rocky Mountain Section of Society of Economic 
Paleontologists and Mineralogists, p. 133–168. 

 
Dyman, T.S., Cobban, W.A., Titus, A., Obradovich, J.D., Davis, L.E., Eves, R.L., Pollock, G.L., 

Takahashi, K.I., and Hester, T.C., 2002, New biostratigraphic and radiometric ages for Albian-
Turonian Dakota Formation and Tropic Shale at Grand Staircase-Escalante National Monument 
and Iron Springs Formation near Cedar City, Parowan, and Gunlock, Utah [abs.]: Geological 
Society of America Abstracts with Programs, v. 34, no. 4, p. A-13. 

 
Eaton, J.G., Laurin, J., Kirkland, J.I., Tibert, N.E., Leckie, R.M., Sageman, B.B., Goldstrand, P.M., Moore, 

D.W., Straub, A.W., Cobban, W.A., and Dalebout, J.D., 2001, Cretaceous and early Tertiary 
geology of Cedar and Parowan Canyons, western Markagunt Plateau, Utah, in Erskine, M.C., 
Faulds, J.E., Bartley, J.M., and Rowley, P.D., editors, The geologic transition, High Plateaus to 
Great Basin―a symposium and field guide (The Mackin Volume): Utah Geological Association 
and Pacific Section of the American Association of Petroleum Geologists, Utah Geological 
Association Publication 30, p. 337-363. 

 



16 
 

Fleck, R.J., Anderson, J.J., and Rowley, P.D., 1975, Chronology of mid-Tertiary volcanism in High 
Plateaus region of Utah, in Anderson, J.J., Rowley, P.D., Fleck, R.J., and Nairn, A.E.M., editors, 
Cenozoic geology of southwestern High Plateaus of Utah: Geological Society of America Special 
Paper 160, p. 53–62. 

 
Goldstrand, P.M., 1990, Stratigraphy and paleogeography of Late Cretaceous and Early Tertiary rocks of 

southwest Utah: Utah Geological Survey Miscellaneous Publication 90-2, 58 p. 
 
Goldstrand, P.M., 1991, Tectonostratigraphy, petrology, and paleogeography of the Upper Cretaceous to 

Eocene rocks of southwest Utah: Reno, University of Nevada, Ph.D. dissertation, 205 p. 
 
Goldstrand, P.M., 1992, Evolution of Late Cretaceous and early Tertiary basins of southwest Utah based on 

clastic petrology:  Journal of Sedimentary Petrology, v. 62, no. 3, p. 495–507. 
 
Goldstrand, P.M., 1994, Tectonic development of Upper Cretaceous to Eocene strata of southwestern Utah:  

Geological Society of America Bulletin, v. 106, p. 145–154. 
 
Gustason, E.R., 1989, Stratigraphy and sedimentology of the middle Cretaceous (Albian-Cenomanian) 

Dakota Formation, southwestern Utah: Boulder, University of Colorado, Ph.D. dissertation, 376 p. 
 
Hintze, L.F., 2005, Utah’s spectacular geology—how it came to be: Provo, Utah, Brigham Young 

University, Department of Geology, 203 p.  
 
Hurlow, H.A., 2002, The geology of Cedar Valley, Iron County, Utah, and its relation to  ground-water 

conditions: Utah Geological Survey Special Study 103, 74 p., 2 plates. 
 
Hylland, M.D., 2010, Geologic map of the Clear Creek Mountain quadrangle, Kane County, Utah: Utah 

Geological Survey Map 245, 2 plates, scale 1:24,000. 
 
Imlay, R.W., 1980, Jurassic paleobiogeography of the conterminous United States in its  continental 

setting: U.S. Geological Survey Professional Paper 1062, 134 p. 
 
Kirkland, J.I., Britt, B., Burge, D.L., Carpenter, K., Cifelli, R., Decourten, F., Eaton, J., Hasiotis, S., and 

Lawton, T., 1997, Lower to middle Cretaceous dinosaur faunas of the central Colorado Plateau―a 
key to understanding 35 million years of tectonics, sedimentology, evolution and biogeography, in 
Link, P.K., and Kowallis, B.J., editors, Mesozoic to recent geology of Utah: Brigham Young 
University Geology Studies, v. 42, part 2, p. 69–103. 

 
Kirkland, J.I., and Madsen, S.K., 2007, The Lower Cretaceous Cedar Mountain Formation, eastern 

Utah―the view up an always interesting learning curve, in Lund, W.R., editor, Field guide to 
geological excursions in southern Utah: Utah Geological Association Publication 35, p. 1–108, on 
CD. 

 
Kocurek, G., and Dott, R.H., Jr., 1983, Jurassic paleogeography and paleoclimate of the central and 

southern Rocky Mountains region, in Reynolds, M.W., and Dolley, E.D., editors, Mesozoic 
paleogeography of the west-central United States: Denver, Rocky Mountain Section Society of 
Economic Paleontologists and Mineralogists, p. 101–116. 

 
Kowallis, B.J., Sprinkel, D.A., Doelling, H.H., and Kuehne, P.A., 2011, New isotopic ages from the Early 

and Middle Jurassic of Utah―resolving the age of the Gypsum Spring and Temple Cap 
Formations [abs.]: Geological Society of America Abstracts with Programs, v. 43, no. 4, p. 1. 

 
Lambert, R.E., 1984, Shnabkaib Member of the Moenkopi Formation—depositional environment and 

stratigraphy near Virgin, Washington County, Utah: Brigham Young University Geology Studies, 
v. 31, pt. 1, p. 47–65. 

 



17 
 

Laurin, J., and Sageman, B.B., 2001, Cenomanian-Turonian coastal record in SW Utah, U.S.A.―orbital-
scale transgressive-regressive events during oceanic anoxic event II: Journal of Sedimentary 
Research, v. 77, p. 731-756. 

 
Lawton, T.F., Pollock, S.L., and Robinson, R.A.J., 2003, Integrating sandstone petrology and nonmarine 

sequence stratigraphy―application to the Late Cretaceous fluvial systems of southwestern Utah, 
U.S.A.: Journal of Sedimentary Research, v. 73, no. 3, p. 389–406. 

 
LeBas, M.J., LeMaitre, R.W., Streckeisen, A., and Zanettin, B., 1986, A chemical classification of volcanic 

rocks based on the total alkali-silica diagram: Journal of Petrology, v. 27, p. 745–750. 
 
Lucas, S.G., 1993, The Chinle Group—revised stratigraphy and biochronology of Upper Triassic 

nonmarine strata in the western United States, in Morales, M., editor, Aspects of Mesozoic 
geology and paleontology of the Colorado Plateau: Museum of Northern Arizona Bulletin 59, p. 
27–50. 

 
Lucas, S.G., and Heckert, A.B., 2001, Theropod dinosaurs and the Early Jurassic age of the Moenave 

Formation, Arizona-Utah, USA: Stuttgart, Germany, Neues Jahrbuch fur Geologie und 
Paläontologie Mh., v. 7, p. 435–448. 

 
Lucas, S.G., Krainer, K., and Milner, A.R.C., 2007, The type section and age of the Timpoweap Member 

and stratigraphic nomenclature of the Triassic Moenkopi Group in southwestern Utah, in Lucas, 
S.G., and Spielmann, J.A., editors, Triassic of the American West: New Mexico Museum of 
Natural History and Science Bulletin 40, p. 109–117. 

 
Lucas, S.G., and Tanner, L.H., 2006, The Springdale Member of the Kayenta Formation, Lower Jurassic of 

Utah-Arizona, in Harris, J.D., Lucas, S.G., Spielmann, J.A., Lockley, M.G., Milner, A.R.C., and 
Kirkland, J.I., editors, Tracking dinosaur origins—the Triassic/Jurassic terrestrial transition: New 
Mexico Museum of Natural History and Science Bulletin 37, p. 71–76. 

 
Lucas, S.G., Tanner, L.H., and Heckert, A.B., 2005, Tetrapod biostratigraphy and biochronolgy across the 

Triassic-Jurassic boundary in northeastern Arizona, in Heckert, A.B., and Lucas, S.G., editors, 
Vertebrate paleontology in Arizona: New Mexico Museum of Natural History and Science 
Bulletin 29, p. 84–94. 

 
Mackin, J.H., 1960, Structural significance of Tertiary volcanic rocks in southwestern Utah:  American 

Journal of Science, v. 258, no. 2, p. 81–131. 
 
Maldonado, F., Sable, E.G., and Nealey, D.L., 1997, Cenozoic low-angle faults, thrust faults, and 

anatomosing high-angle faults, western Markagunt Plateau, southwesten Utah, in Maldonado, F. 
and Nealey, L.D., editors, Geologic studies in the Basin and Range-Colorado Plateau transition 
zone in southeastern Nevada, southwestern Utah, and northwestern Arizona, 1995: U.S. 
Geological Survey Bulletin 2153, p. 151–176. 

 
Marzolf, J.E., 1994, Reconstruction of the early Mesozoic cordilleran cratonal margin adjacent to the 

Colorado Plateau, in Caputo, M.V., Peterson, J.A., and Franczyk, K.J., editors, Mesozoic systems 
of the Rocky Mountain region, USA: Denver, Colorado, Rocky Mountain Section of the Society 
for Sedimentary Geology, p. 181–216. 

 
Milner, A.R.C., and Spears, S.Z., 2007, Mesozoic and Cenozoic paleoichnology of southwestern Utah, in 

Lund, W.R., editor, Field guide to geologic excursions in southern Utah: Utah Geological 
Association Publication 35, 85 p. on CD. 

 
Molina-Garza, R.S., Geissman, J.W., and Lucas, S.G., 2003, Paleomagnetism and magnetostratigraphy of 

the lower Glen Canyon and upper Chinle Groups, Jurassic-Triassic of northern Arizona and 



18 
 

northeast Utah: Journal of Geophysical Research, v. 108, no. B4, 2181, doi: 
10.1029/2002JB001909. 

 
Moore, D.W., and Straub, A.W., 2001, Correlation of Upper Cretaceous and Paleogene(?) rocks beneath 

the Claron Formation, Crow Creek, western Markagunt Plateau, southwest Utah, in Erskine, M.C., 
Faulds, J.E., Bartley, J.M., and Rowley, P.D., editors, The geologic transition, High Plateaus to 
Great Basin―a symposium and field guide (The Mackin Volume): Utah Geological Association 
and Pacific Section of the American Association of Petroleum Geologists, Utah Geological 
Association Publication 30, p. 75–95. 

 
Mullett, D.J., 1989, Interpreting the early Tertiary Claron Formation of southern Utah [abs.]: Geological 

Society of America Abstracts with Programs, v. 21, no. 5, p. 120. 
 
Mullett, D.J., and Wells, N.A., 1990, Soil fabrics and horizontal cracking in the Paleogene Claron 

Formation of southern Utah [abs.]:  Geological Society of America Abstracts with Programs, v. 
22, no. 7, p. 335. 

 
Mullett, D.J., Wells, N.A., and Anderson, J.J., 1988a, Early Cenozoic deposition in the Cedar-Bryce 

depocenter—certainities, uncertainities, and comparisons with other Flagstaff-Green River basins 
[abs.]: Geological Society of America Abstracts with Programs, v. 20, no. 3, p. 217. 

 
Mullett, D.J., Wells, N.A., and Anderson, J.J., 1988b, Unusually intense pedogenic modification of the 

Paleocene-Eocene Claron Formation of southwestern Utah [abs.]: Geological Society of America 
Abstracts with Programs, v. 20, no. 5, p. 382. 

 
Nielson, R.L., and Johnson, J.L., 1979, The Timpoweap Member of the Moenkopi Formation, Timpoweap 

Canyon, Utah: Utah Geology, v. 6, no. 1, p. 17–27. 
 
Peterson, F., 1969, Four new members of the Upper Cretaceous Straight Cliffs Formation in southeastern 

Kaiparowits region, Kane County, Utah: U.S. Geological Survey Bulletin 1274-J, p. 1–28. 
 
Peterson, F., 1994, Sand dunes, sabkhas, streams, and shallow seas – Jurassic paleogeography in the 

southern part of the Western Interior basin, in Caputo, M.V., Peterson, J.A., and Franczyk, K.J., 
editors, Mesozoic systems of the Rocky Mountain region, USA: Denver, Colorado, Rocky 
Mountain Section of the Society for Sedimentary Geology, p. 233–272. 

 
Pollock, S.L., 1999, Provenance, geometry, lithofacies, and age of the Upper Cretaceous Wahweap 

Formation, Cordilleran foreland basin, southern Utah: Las Cruces, New Mexico State University, 
117 p. 

 
Riggs, N.R., Mattinson, J.M., and Busby, C.J., 1993, Correlation of Jurassic eolian strata between the 

magmatic arc and the Colorado Plateau―new U-Pb geochronologic data from southern Arizona: 
Geological Society of America Bulletin, v. 105, p. 1231–1246. 

 
Rowley, P.D., Hacker, D.B., Maxwell, D.J., and Boswell, J.T., 2008, Interim geologic map of the Utah part 

of the Deer Lodge Canyon, Prohibition Flat, Uvada, and Pine Park quadrangles (east part of the 
Caliente 30' x 60' quadrangle), Iron and Washington Counties, Utah: Utah Geological Survey 
Open-File Report 531, 21 p., 1 plate, scale 1:24,000. 

 
Rowley, P.D., Mehnert, H.H., Naeser, C.W., Snee, L.W., Cunningham, C.G., Steven, T.A., Anderson, J.J., 

Sable, E.G., and Anderson, R.E., 1994a, Isotopic ages and stratigraphy of Cenozoic rocks of the 
Marysvale volcanic field and adjacent areas, west-central Utah: U.S. Geological Survey Bulletin 
2071, 35 p. 

 
Rowley, P.D., Nealey, L.D., Unruh, D.M., Snee, L.W., Mehnert, H.H., Anderson, R.E., and Gromme, C.S., 

1995, Stratigraphy of Miocene ash-flow tuffs in and near the Caliente caldera complex, 



19 
 

southeastern Nevada and southwestern Utah, in Scott, R.B., and Swadley, W C, editors, Geologic 
studies in the Basin and Range–Colorado Plateau transition in southeastern Nevada, southwestern 
Utah, and northwestern Arizona, 1992:  U.S. Geological Survey Bulletin 2056, p. 43–88. 

 
Rowley, P.D., Shroba, R.R., Simonds, F.W., Burke, K.J., Axen, G.J., and Olmore, S.D., 1994b, Geologic 

map of the Chief Mountain quadrangle, Lincoln County, Nevada: U.S. Geological Survey 
Geologic Quadrangle Map GQ-1731, scale 1:24,000. 

 
Rowley, P.D., Steven, T.A., Anderson, J.J., and Cunningham, C.G., 1979, Cenozoic stratigraphic and 

structural framework of southwestern Utah: U.S. Geological Survey Professional Paper 1149, 22 
p. 

 
Rowley, P.D., Williams, V.S., Vice, G.S., Maxwell, D.J., Hacker, D.B., Snee, L.W., and Mackin, J.H., 

2006, Interim geologic map of the Cedar City 30' x 60' quadrangle, Iron and Washington Counties, 
Utah: Utah Geological Survey Open-File Report 476DM, scale 1:100,000. 

 
Sable, E.G., and Hereford, R., 2004, Geologic map of the Kanab 30' x 60' quadrangle, Utah and Arizona: 

U.S. Geological Survey Geologic Investigations Series I-2655, scale 1:100,000. 
 
Sable, E.G., and Maldonado, F., 1997, The Brian Head Formation (revised) and selected Tertiary 

sedimentary rock units, Markagunt Plateau and adjacent areas, southwestern Utah, in Maldonado, 
F., and Nealey, L.D., editors, Geologic studies in the Basin and Range-Colorado Plateau transition 
zone in southeastern Nevada, southwestern Utah, and northwestern Arizona, 1995: U.S. 
Geological Survey Bulletin 2153, p. 7–26. 

 
Sansom, P.J., 1992, Sedimentology of the Navajo Sandstone, southern Utah, USA: Oxford, Department of 

Earth Sciences, Wolfson College, Ph.D. dissertation, 291 p. 
 
Sprinkel, D.A., 2009, Interim geologic map of the Seep Ridge 30' x 60' quadrangle, Uinta, Duchesne, and 

Carbon Counties, Utah, and Rio Blanco and Garfield Counties, Colorado: Utah Geological Survey 
Open-File Report 549DM, 3 plates, scale 1:100,000. 

 
Sprinkel, D.A., Doelling, H.H., Kowallis, B.J., Waanders, G., and Kuehne, P.A., 2011, Early results of a 

study of Middle Jurassic strata in the Sevier fold and thrust belt, Utah, in Sprinkel, D.A., Yonkee, 
W.A., and Chidsey, T.C., Jr., editors, Sevier thrust belt: northern and central Utah and adjacent 
areas: Utah Geological Association Publication 40, p. 151–172. 
 

Sprinkel, D.A., Kowallis, B.J., Waanders, G., Doelling, H.H., and Kuehne, P.A., 2009, The Middle Jurassic 
Temple Cap Formation, southern Utah―radiometric age, palynology, and correlation with the 
Gypsum Spring Member of the Twin Creek Limestone and Harris Wash Member of the Page 
Sandstone [abs.]: Geological Society of America Abstracts with Programs, v. 41, no. 7, p. 690. 

 
Stewart, J.H., Poole, F.G., and Wilson, R.F., 1972a, Stratigraphy and origin of the Triassic Moenkopi 

Formation and related strata in the Colorado Plateau region, with a section on sedimentary 
petrology by R.A. Cadigan: U.S. Geological Survey Professional Paper 691, 195 p. 

 
Stewart, J.H., Poole, F.G., and Wilson, R.F., 1972b, Stratigraphy and origin of the Chinle Formation and 

related Upper Triassic strata in the Colorado Plateau region, with a section on sedimentary 
petrology by R.A. Cadigan and on conglomerate studies by W. Thordarson, H.F. Albee, and J.H. 
Stewart: U.S. Geological Survey Professional Paper 690, 336 p. 

 
Tibert, N.E., Leckie, R.M., Eaton, J.G., Kirkland, J.I., Colin, J.P., Leithold, E.L., and McCormic, M.E., 

2003, Recognition of relative sea-level change in Upper Cretaceous coal-bearing strata―a 
paleoecological approach using agglutinated foraminifera and ostracods to detect key stratigraphic 
surfaces, in Olson, H.C., and Leckie, R.M., editors, Micropaleontological proxies for sea-level 



20 
 

change and stratigraphic discontinuities: Society of Economic Paleontologists and Mineralogists 
Special Publication no. 75, p. 263–299. 

 
Tilton, T.L., 1991, Upper Cretaceous stratigraphy of the southern Paunsaugunt Plateau, Kane County, 

Utah: Salt Lake City, University of Utah, Ph.D. dissertation, 2 plates, scale 1:24,000, 162 p. 
 
Tilton, T.L., 2001a, Geologic map of the Alton quadrangle, Kane County, Utah: Utah Geological Survey 

Miscellaneous Publication 01-4, 22 p., 2 plates, scale 1:24,000.  
 
Tilton, T.L., 2001b, Geologic map of the Podunk Creek quadrangle, Kane County, Utah: Utah Geological 

Survey Miscellaneous Publication 01-3, 18 p., 2 plates, scale 1:24,000. 
 
Tschudy, R.H., Tschudy, B.D., and Craig, L.C., 1984, Palynological evaluation of Cedar Mountain and 

Burro Canyon Formations, Colorado Plateau: U.S. Geological Survey Professional Paper 1281, 24 
p., 9 plates. 

 
Tuesink, M.F., 1989, Depositional analysis of an eolian-fluvial environment—the intertonguing of the 

Kayenta Formation and Navajo Sandstone (Jurassic) in southwestern Utah: Flagstaff, Northern 
Arizona University, M.S. thesis, 189 p. 

 
Utah Geological Survey and Nevada Isotope Geochronology Laboratory, in preparation, 40Ar/39Ar 

geochronology results for various quadrangles in southwestern Utah: Utah Geological Survey 
Open-File Report. 

 
Williams, P.L., 1967, Stratigraphy and petrography of the Quichapa Group, southwestern Utah and 

southeastern Nevada:  Seattle, University of Washington, Ph.D. dissertation, 141 p. 



E
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

! ! ! !

E

E

E
E

E
E

#
#

#

E!!
!

#
#

#
#

E
E E

#
#

#
#

#
#

#
#

#
#

#
#

E

E

#
#

!
!

!
!

!

E

#
#

!
!

!
!

!

#
#

#
#

#
#

!
!

!
!

!

#
#

#
!

!

!

#
#

!
!

!
!

!
!

E

E
E

E

!
!

!
!

!
!
!

!

!
!
!

!
!

!
!

#
#

#

E

E

#

#

#

#
#

#
#

#
#

#
#

#
#

#

#
#

#

#
#

#

#

#

#
#

#
#

#

#

#E

#
#

!
!

!

!

!

!

!

!

E
E
E

E

E

E
!

!
!

!
!

!
!

!

E

#

!

!
!

!

!
!

!
!

# # # # # #

! ! ! ! ! !
!

!
!

!
!

!
!

!
!

!
!

!
!

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
! !

!
!

!
!

!
!

! !
! !

! ! ! ! ! ! ! ! ! ! ! !

E

#
!

!

!
#

#
#

#
#

E

#
#

#

#

#
#

!

!

!

!
!

!

#
#

E

E

#
#

#

#

#

#

#

!
!

!

!

!

!

!

!

!

!
!

!

#
!

!

!

!

! ! ! ! !
!

!
!

!
!

!
!

!
!

#

#!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

E
E

!

#
#

#

#
!

!

!
!

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
! !

! !
! !

! !
! !

! !
! !

! ! !
! !

! !
! !

! !
! !

! ! !
! !

! !
! ! ! ! ! ! ! !

E

#
!

!
!

!

E

#

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

E

E
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

E

E

E

E

!
!

!E
E

E
E

!
!

!
!

!
!

!

E

E

E

E
E

E
E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

E

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

E
E

E

E
EE

E
!

!
!

!
!

E
E

E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

E

E

E

E

E

E

E

E

!
!

!
!

!
!

E

!
!

!

E
E

E
!

!
!

E

E

!

!
!

E

E
E

E

E

E

E
!

!
!

!
!

!
!

!
!

!

!

E

#
#

!

!

!

#
#

#

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

!
!
!

!

#

#

E

#
#

#
!

!

E

E

E

E

E!!!

!
!

!
!

E
E

#
#

#

!
!

!
!

!
!

!
!

!

!

#
!

!
!

!

!
!

!

!!!
!

!!

!
!
!

!

!
!

!

!
!

E

E
!

!
!

!
!

!
!

!

!
!

!
!

!
!
!

E

#

#
#

#
#

#
#

#

#
#

#

#

#

#
#

E
EE! !

#
#

#
#

#

E
E

#

#

#

#
#

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

E

E

E

E

E
E

?
?

?
?

?
?

?
?

E

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E!

#
!

!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

E

E
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
E

E
E

E

E
E

E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

E

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!
!

E

E
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

E

EE E
#

#

#

!

!

!

E
E

#
#

#
#

!
!

!
!

!
!

!
!

!
!

!
!

!

!

!
!

!
!

!
!
!

!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

E

E

#
#

#
#

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

E
E

E

E
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

E
E

E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

E
!

!
!

!

E

EE
E

#
#

#

!

!

!
!

!

!

!

!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

E
E

!
!

!
!

!
!

E!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

E
!

!
!

!
!

!
!

E
!

!
!

!
!

!
!

!
!

!
!

!

E
!

!
!

!
!

!
!

!
!

E
!

!
!

!
!

!
!

!
!

!
!

!
!

E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

E

E

!
!

!
!

!
!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
E

!!!!!!
!E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

EE

#

#

!

!

!

!

!

!

!

#
!

!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!
!
!

!
!
!
!
!

!

E
E

E
E

!
!

E

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!E
!

!
!

!
!

!
!

!
!

!

!
!
!

!
!

!
!

E
E

E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

E

E

!

E
E

E
E

E
!

!
!

!
!

!
!

! E
E

E
!

!
!

!
!

!
!

!
!

!
!

!
!

E

!
!

!
!

!

!
!

!
!

!
!

!

E

E

E

E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!
!
!

!
!
!
!
!

!
!

!
!
!
!

!
!
!

!
!

!
!
!
!

!
!
!
!
!
!
!
!

!
!
!
!

!
!
!
!
!
!
!

!
!

!
!
!

!
!
!

!
!

!
!

!
!
!

!
!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!
!
!
!

!
!
!
!

!
!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E
E

E
E

E

E

E

!
!

!
!

E
E

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

E

E
E

!
!

!
!

!
!

!
!

E
E

!
!

!
!

E

E
E

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

E

E

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!
!
!
!
!
!
!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!
!
!

!
!
!
!

!
!
!
!

!
!
!
!

!
!
!
!

!
!
!

!
!
!
!

!
!
!
!
!
!
!
!

!
!
!
!
!
!
!

!
!
!
!
!
!
!
!

!
!
!
!
!
!
!

!
!
!
!
!
!
!
!

!
!
!
!
!
!
!

!
!
!
!

!
!

!
!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

E

E
E

E

E

E

E

E

E

E

E

E

E

E

E

E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

E

E

E

E

E
E

E

E

E

!
!

!
!

#
!

!

!

#
#

#

!

!

!
!

!
!

!
!

!

#
!

!
!

!

!!

!
!

!

!

#
#

#
!

!
!

!
!

!
!

!
!

!

#
!

!

E

#
!

!
!

E
E

#

!

!
!

!
!

!
!

!

!
!

#!
!

#!

!

!
!

!
!

!

! !

!
!

!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
E

! ! ! !

#
!

!!

!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

#
#

E

#
#

!
!

!

!

!

!

E
E

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!

!
!
!

E

E

E

!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E
E

!
!

!

E
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

E

E

!
!

!

E
! !

! !
! !

! !
!

!
! !

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!
!
!
!

E
!

!
!

!
!

!
!
!

!
!
!

!
!
!

!
!
!
!

!
!
!
!
!
!

!
!
!
!

!
!
!

!
!

!
!

!
!
!

!

!
!
!
!

!
!
!
!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!
!

!
!
!

!
!

!
!
!

!
!

!
!

!
!

!
!
!

!
!

!
!
!

!
!

!
!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!
!

!
!

!
!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!
!

!

E

E

E

!!!!

!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

E!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
E

!
!

!
!

!
!

!
!

E

E

E

E
E

E
!

!
!

!
!

!

E
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!E

E

E
E

E
E
E

E

#

E

!
!

!

E

E
E

!
!

!
!

!
!

!
!

!

E
E

! ! ! !
! ! ! ! ! ! ! ! ! ! !

! !
! !

! !

! !

! !

! !

! ! ! !

! ! ! !

! !

! !

E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

E

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

E

!
!

!
!

!
!

#
#

#
#

#!

!

#

#!

!

#
!

!

#
#

!
!

#
#

#
#

#

#

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!
!
!

!
!

!
!
!

!
!

!
!
!
!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

E

E

E

E

E

E

!
!

!

!

#
#

#
#

#
#

#

!

! ! !
! ! ! ! ! ! ! ! ! !

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !E

!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

! !
!

!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

b

†

b

…

…

Y

L

…

L

/
…

O

Y

L

Y

Y

c

b
L

0 b

b b

b

b

b

b

O

b

b

L

c

b

g

L

b

b ŠŠb
b

b b
b
bbbb

b

b

b

b

b b b

b
b

b

b
bb

b

b

b
b

b
b

bbL b

b

b

b

b

b
b

bb

bb

b

b

b
b

b b
b

b

b
g

b

g

b

b
b

b

b

bb

b

b b b

b

b

b

b
b

b
b
b

b

b
b

b

bb

L

b

b

Y

bb g
b

b

bL

b

b
Y

b

b

L

b

bb b

b

b
b

b
b

b

b

†

b

g
b
b
b

b

b
b b

b
b

bb

b

b

b
b

b
bb

/

b

b
b

b

b
b

b

b

b

• b
b

Œ

Œ
Œ

b

Œ

b
b

b

b

b

b

b

b

b

b

b
b b

b
b

b

b

bb

b

b
Y

b

Y

b

Yb

b

b b

b

/

…
b

b

b
b

b
b

b

L

bb

b

b b

b
b

g
b
b

b

b

L

L

Y

Y

L

Y
Y

b
bb

b

b

b

b

b

b

b

b

b

b

b

b

b

Y

L

b

L

Y

b

•

0

0

•••

b

b

b

b

b
b

b

b

b

b

b

b

b

/

/

/

—

b

e
bb

bb

0

b

b

b

c

b
b b b

bb

b

b

b

bY

L

Y

L Y

L

Y

b

0b

•

b
b

b

b
b

b

b

0

b
b

b

a

b

/

b
b

b

bb

b

/

/

b
b

b

L

/ /

/

/
/

/

/

/
/

/

/

/

/

/

//

/

/

Œ

e

b

/

/

/

e

e

^cs

Qapo

^cl
^ms

Qafy

^ms

^mv

^mm

Qafo

^mt

^ml
^mv

^mt

^mv
Qato

^mu

^ms

^ms

^mu

^mu

^ms ^cs

^cl

^cp

Qapo

Qmsh

Qmsh

Qapo

Qmsh

Kcm

Kcm

Qms

Qms

^ms

Qapo

^ms

^cs^mu

^cl

^cs

^cl

^cs

^cs

^ms

Qapo

Qapo

^mm

Qac

Qal1

^ms

Qapo

^mu

^mu

^cp

^cp

^cl

Jcc

Jcw

Jcpg

Jcc

Jcx

Kcm

Kcm

Jcw

Jcpg

Qms

Jcpg

Jcx

Jcc

Jcw

Jcpg

Kcm

Ktd

Qms

Jcpl

Qmtg

Qmtg

Jcw

Jcx

Jcc

Qms

Jcw

Jcw

Kcm

Jns

Qmt

^cl

^cs

^cp

J^md
Jns

Qmt

Jkc

^cs

^cs

Jkc

Qh Jn

Jtm

Jcc

Jn
Jtm

Jtm

Jtm

Jn

Jtm

Jcx

Jcp

Jcx

Jcc

Jks

Qap

Qc

Qafy

Qac

Jkc

Jn

Jn
Qh

Jns

^cl

Qap

Qea

Jns

Jns

Jn

Qms
Jtm

Qac

Jcx

Qafy

Jcc

Qmt

Jcx

Jcpg

Jcc

Qmt

Jcpl

Kcm

Kcm

Jcw

Qms(Ktd)
Jcx

Jcpg

Jcw

Jcpg

Qc

QatQh

Qc

Jcw

Qc

Qat

Qat

Jcpg

Jcw

Qh

^mu

Jcw

Kcm

Qmt

Qmtg

Jcw

Qms

Qmt
Qmtg

Jcpg

Jcx

Jcc

Qms Jcpl

Jcw

Qms

Kcm
Qms

Qms

Qmtg

Jcpl

Jcpg

Qmtg

Jcc
Jcpg

Qms

Qmt

Jcx

Qmtg

Jcx
Jcc Jcc

Qmtg

Jcx

Qms

Jcx

Jcpg

Jcx
Jcx

Kst

Kcm

Jcw

Jcx

Jcc

Jcc
Qms

Ktd

Qms

Qms

Qafy

Qc

Qms

Jcc

Qmtg

Jcpg

Qmtg

Jcx

Jcc QmsJcpg

Kcm

Jcw

Ktd

Kcm

Qmt

Jkc

Jcpl

Qmt

Jcpg

Jcpl

Jcpg

Qat

Qmt

Qmtg

Qmt

Qmt

Ktd

Qaf1

Qafy

Qafo Qafo

Qaf1

Qaf1

Qaf1

Qaf1

QTaf

Qaf1

QTaf

Tql

QTaf

Qms

Qaf1

Qaf2

Qafy

Qaf1

Qc

Qaf1

Qafc

Qafo(?)

Jcpl

Qmt

Qmtg

Qmtg
Qat

Jcpl

Jcpg

Kcm

Qms

Jcpg

Jcpl

Ktd

Jcpl

Jcw

Jcpl

Ktd

Ktd

Jcpl

Jcx Jcpl
Jcw

Qms(Ktd)

Kst

Kss

Tcp

Ktd

Ktd

Qaf2

Qafy

Qms

Qac Qmtg

Qmtg
Jcc

Jcx

Qms

Qmt

Jcw

Jtm

Jcpg

Kss

Qaf2

Qafo(?)

Qafo(?)

Qbc1

Qac

Qbc1

QTaf

Qmt

Qbc1

Qac

QTaf

Qafo

Qbc2

Qbc1

QcQTaf

Qbc1

QTaf

Qh

QTaf

Qafy

QTaf

Qbc1

Qac

Ti

Ti

Tql

Qbc2

Qbc2

Jkc

Qafy

Qafc

Qafc

Qafy

QTaf

Qafy

Qbc2

Qbc2

Qmt

Qmt

QTaf

Qbc1

Qbc1

Tm(Ti)

Qafy

Qaf1

Jks

Jkm

Qh

Jkm

Jkm

QTaf

Qac

Qbc1

Qbc1

Qms(Qb)

QTaf
Qbc1

Qafy

Qap

Qac
Qap

Qmtg

Qms Qms

Jcw

Jcw

Jkc

^cp

J^md

J^md

Qms
(Jkm)

^cs

Qms(Jn)

Qms(Jk)

Qms(Jks)
J^md

^cp

Jks

Qmt

Jkm

Jns

^mv

^ms

Qapfg

Qapf

Qmt

Qmt

Qms

^mv

^mv

Qapo

^mt

^mm

^mm

Qapfg
Qapf Qafy

^cp

^cs

Qmsh

Qapo

^cs

^cs

Qmt

^cl

Qapo

Jks

Qmsh J^md

Jns

Jkm

Jks

J^md

^cl

^mu

Qapo

Qapo

Qat

^mm

Qapo
^ml

Qat

Qat

^ms

^mu

JnsQat

Qal1

Qapo
^mv

^mv
^mm

Qat

Qat

Jcc

^cp

^mv

Qapo

^ml

^mu

^mu
^cl

^ms

^cp

^mu
^ms

^ms

Qms

Qmsh

Qmsh

^mu

Qmsh

Qms

Qapo

^ml

^mv

Qapo

^cs

Qms

Qms(Qb)

^cl

^mu

^cs

^mu^cl

Qmt

^mv

^ml

Qac

^ml?

Qmsh

^mu

Qapo

^ms

^mm

^mu

^ms

Qac

Qmsh

^cp

^cl
^cl

^cs

^ms

^ms

^mu

Qac

^cs

Qms

Qms(Qb)

Tql

Qc

Qc

Qms

Qmt
Qms(Qb)

Qms(Qb)

Qmt

Qea
Qea

Kcm Ktd

Jcw

Jn

Jcpl

Qms(Kcm)
Qms(Jcw)

Jn
Jcc

Jcc

Qat

Qms

Jns

Qmsh

Jcc

Jkc

Qc

Qms

Qmsh(Ktd)

Qms

Qapo

Qc

Ktd

Jns

J^md

Jks

Jkm

Jkc

Jcx

Qapo

Qc

Ktd

Ktd

Kst

Kw

Ksj

Kw

Kw

Jcx

Jn

^cl

^mu

^cs

^cl

^cp

^mm

^mm

^cl

^cp

Qac

Qmsh(Ktd)

Jcpg

Qms

Qms

Kw

Kss

Qmtg

Qms

Qaf1

QTaf

Jn
Jkc

Qafo

Kss

Ksj

CH1

CH2CH4

CH5

Qafo

Qat

Ksj

Ksj

Kw

Ksd

Ksd

Qac

Qapo

Qac

Kss

Ktd

Tcp

Kw

Tcp

Kw

QTaf

QTaf

QTaf
QTaf

Qms

Qac

Qms Kst

Kst(?)Qafy

Qc

Qms

Qms

Qc

Qc

Qms

Qms

Jtm

^ml

^ml

Ktd
Jcx

Jcx

Qapo
Kst

Qac

Qac

Jcw

Qms

^mu

Qac

Qac

Qac

Qac

Qapo

Jcw

Jcx

Jcx Jcpg

Qmsh

Jcw

Qac

Jkc

Jn

Jcw

^ms

Jkc

GREEN

^cl

Qmt

Qms

Jcp

Qaf1 Qac

Qmsh

Qmsh

Qms

Jcpl

Jcw
Kcm

Ktd

Ktd

Jcp

Qms(Ktd)

Qms

Jcx

Jcc

Jcpg

Jn

Qac ^cp

^cl

Qapo

Jcx

KcmQmt

Qmt

Qato

Qmt

Qmt

Qms(Kst)

Qms(Kst)

Qmt
Qmt

Qmtg
Jcpg

Qafy

Qato

Jcpl

Jcc

Kcm

Qmsh

Jcpl

Jcpl

Jcpg

Ktd

Jcw Jcpl

Ktd

Jcw

QmtgJcpl

Jcpg

Jcx

Jcw

Qmt

Qms

Qst

Qhm

Qhm

Qst

Qato

Qat

Qms

Qms

Ktd

Qat

Ktd

Qat
Jcpl

Jcw

Jcpg

Jcpl

Jcpg

Jcp

Kst

Qbl
Qbl

Qblc

Qbl

Qmt

Qmt

Qms(Qb)

Qat

Qms

Qmsh

Kcm

Qc

Qat
Qc

Qafy

Qafy

Qac Qafy

Qato

Qafy
Qat

Qafy

Qafy

Qafy

Qafy

Qat

Qafy

Qmt

Qc

Qh

Qat

Qat

Qat

Qc

Kst

Jkc
Jns

Jkm

Jks

J^md

Qh

Qh

Qh

Qh

Qal1

Qafy

Qal1

Qaly

Qha

Qat

Qac

Jcx

Qms

Qap

Qblc

Qbl

Ksj

Qms

Qms

Tm(Ti)

Qc

Qc

Qms

Kst

Qms(Ktd)

Qbs

Qms(Qb)

Kst

JnsJ^md
Qms(Jks)

Jcpg

JcxJcx

Jcpl

Jcpl

Jcpl

Jcpl

Jcpl

Ktd

Jcpg

Jcpl

Jcpl

Qap

Jkm

Jks

Kcm

Ktd

Jns

Qh

Qapfg

^cl

^cl

^cs

^ms

Qal1

Qaly

Qac

^cp
Qac

Jcc

Qc

Qmt

Kst

Qms

Qmtg

Qmt

^cp

^cl

Qmt

Qafy

Qaf1

Qbc1

Qmt

Qms

Qafy

Qal1

Qal1

Qal1

Qaf1

Qac

Qac

Qmt

Qmt

QhQh
Qc

^ml
Qac

Qapfg

Qms

^mm

Qmsh

Jcw
Jcc

Qal1 Jcx

Jcc

Qat

Qal1

Qal1

Qal1
Qal1

Qal1Qh

Qafc

Qal1

Ktd

Qms

Kst

Qmsh

Qh

J^md

Qmt

Ksj

Ksd

Kw

Ksd

Qmt

Qms(Tc)

Qms
(Tbh)

Qms
(Ti)

Tm(Ti)

Qac

Qaf1

Qms

Kst

Qms

Qmt

Qmt

Qac

Qafy
Qaf2

Qaf1

Qms

Qms

Tm(Tql)

Tm(Tql)

Tm(Tqh)

Tm(Tqcb)

Tm(Tqcb)

Tm(Tqh)

Tm(Tqcb)

Tql

Tm(Tqcb)

Tm(Tqh)

Tqcb

QTaf

QTaf

QTaf

Qmt

Qac

Qac

Qac

Qh

Qaf1

Qal1

Qal1

Qal1

Qafy

QTaf

QTaf

Qaly

Qaly

Qac

Qac

Qac

CH3

Qafc

Qbc2

Kcm

Qmsh

Tm(Tql)

Qaf2

QapoQh

Qac

Qms(?)

HOLLOW

LANDSLIDE

Jcpg

Qc

Qh

Jkm

^mm

Jcc

Jcp

Qaf1

Tm(Tqh)

Qac

Jcpg

Qaf2

63

50
25

79

5

17

30

48

49

55
50

43
46

54
5265

3

8

3

43 44

38 34
36

2013

52

32

42

30
43

50

45

84

45

55

5255
74

48

39

70

61

67

30

17

37

25

22

46
56

49

41
24

21

29

20

24

43
35

27

67

27

25

21

30

43

75

28
22

9

75

57
8067

6148
28

43

38 32

40

35

48
51

63

79
31

33

44
41

31 34

6552

8

6

5

25

29

39
30

43

46

30
41

39

17
32

27

40

85

72

25

29

8

18

24

46

37

44

2950

12
54

81

20

34

30

36

23
28

23

10

17

26

7

42

28

41

30

31

43
5

5

60

31

30

6025

3050

7

3

20
88

25

15

10

10

15

15

60

40

30

16

10
12

18

10

13

11

13

47

44

39

30

20

44
3427

17

47
47

5

58

17
20

18 22

33

33

46
36

40

15

80

26

35

20

21

27

954

53

54
4245

30

69

40

18

35

52

45

32
35

47 22
74

28

34

60

67

42

54

50

51

70

42

60

39

51

20

50

81

85

55

36

34

34

56

43

30
57 43

55

25 45

51

20

42

29

59

79

58

30

29

45

69

Plate 1
Utah Geological Survey Open-File Report 626

Interim Geologic Map of the Cedar City 7.5-Minute Quadrangle

1 0 10.5 MILE

1000 0 1000 2000 3000 4000 5000 6000 7000 FEET

1 0 10.5 KILOMETER

CONTOUR INTERVAL 40 FEET

This geologic map was funded by the Utah Geological Survey
and the U.S. Geological Survey, National Cooperative
Geologic Mapping Program, through USGS STATEMAP award
numbers G11AC20249 and G12AC20226.  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.
This open-file report makes information available to the public
during the review and production period necessary for a formal
UGS publication.  The map may be incomplete, and
inconsistencies, errors, and omissions have not been resolved.
While the document is in the review process, it may not
conform to UGS standards; therefore it may be premature for
an individual or group to take actions based on its contents.
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.  The Utah
Department of Natural Resources, Utah Geological Survey,
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 scale only.

Base from USGS Cedar City 7.5’ Quadrangle (1950)
Projection: UTM Zone 12

Datum: NAD 1927
Spheroid: Clarke 1866

Project Manager: William R. Lund
GIS and Cartography: Tyler R. Knudsen

INTERIM GEOLOGIC MAP OF THE CEDAR CITY 7.5-MINUTE
QUADRANGLE, IRON COUNTY, UTAH

by
Tyler R. Knudsen

2014

UTAH GEOLOGICAL SURVEY
a division of
Utah Department of Natural Resources

HU
RR

ICA
NE

 

FAULT

1 2 3

4 5

6 7 8

1. The Three Peaks
2. Enoch
3. Summit
4. Cedar City NW
5. Flanigan Arch
6. Kanarraville
7. Cedar Mountain
8. Webster Flat

ADJOINING 7.5' QUADRANGLE NAMES

A A'

APPROXIMATE MEAN
DECLINATION, 2013

11°78'

TR
UE

  N
OR

TH
MA

GN
ET

IC
  N

OR
TH

55

F



UTAH GEOLOGICAL SURVEY
a division of 
Utah Department of Natural Resources

Plate 2
Utah Geological Survey Open-File Report 626

Interim Geologic Map of the Cedar City 7.5-Minute Quadrangle

M
oe

nk
op

i F
or

m
at

io
n

^mt

^ml
^mv

^mm

^ms

^mu

Timpoweap Member

lower red member
Virgin Limestone member

middle red member

Shnabkaib Member

upper red member

120+ 37+

250 75
130 40

410 128

320 98

400 120

C
hi

nl
e

Fo
rm

at
io

n

lower member
Shinarump Conglomerate Member

Petrified Forest Member

^cl
^cs

^cp

200 60

300 90
30-50 9-15

J^md

U
pp

er
T

R
I

A
S

S
I

C
J

U
R

A
S

S
I

C

Dinosaur Canyon Member
of Moenave Formation

Navajo Sandstone
1000-
1400

300-
325

Jkc

Jns

Jkm
Jks

300 90
135 40
290 88

300 90

425 130

Springdale Sandstone Member

main body

Shurtz Tongue of 
Navajo Sandstone 

Cedar City Tongue
of Kayenta Formation

Jn

Manganese Wash M. of Temple Cap Fm.Jtm

C
ar

m
el

Fo
rm

at
io

n

Co-op Creek Limestone
MemberJcc

Jcpl
JcpgJc

p Paria River Member

K
ay

en
ta

Fm
.

Crystal Creek Member
gypsum
limestone 35-50 11-15

120 37

Jcx

Jcw Winsor Member 250-300 75-90

120 37

634 193

295 90

Cedar Mountain FormationKcm 50-60 15-18

Ktd Tropic Shale and Dakota
Formation undivided 950 290

S
tra

ig
ht

 C
lif

fs
Fo

rm
at

io
n

Tibbet Canyon Member

Smoky Hollow Member

John Henry Member

Drip Tank MemberKsd

Kst

Kss

Ksj

650 200

250 72

450 137

10-25 3-8

Kw Wahweap Formation

Ti Isom Formation

1000 300

200+ 60+
Tcp pink member of Claron Formation 210+ 65+

Tql Leach Canyon Formation 80+ 24+

Tm(Ti)

Bauers Tuff M. of Condor Canyon Fm.

0-300 0-90

Quichapa

Group

Harmony Hills Tuff
30+ 9+
50+ 15+

Tqcb
Tqh

Tm(Tqh)
Tm(Tqcb)
Tm(Tql) Markagunt megabreccia

QTaf
oldest fan alluvium and Cross Hollow

Hills basalt flows

Qbc1

Qbc2

0-30
0-30

0-9
0-9

600+ 180+

Qbs, Qbl,
Qblc 0-160 0-50cinder cone and basaltic lava flows

surficial depositsQ 0-200+ 0-60+

Lo
w

er
Lo

w
er

M
id

dl
e

L.

U
pp

er
C

R
E

T
A

C
E

O
U

S
T

E
R

T
I

A
R

Y

P-E

O
lig

o-
ce

ne
M

io
ce

ne
P

lio
ce

ne

Q
U

AT
.

P
le

is
t.

Holocene

THICKNESS LITHOLOGY
FORMATION

MEMBERS
Y

M
B

O
L

S
E

R
IE

S

S
Y

S
TE

M

feet meters

unconformity (J-1)

unconformity

unconformity

unconformity

base not exposed

“bacon striped”
gypsum

forms hogsback

forms strike valley

caps The Red Hill

cross beds

red beds and gypsum

alabaster gypsum

large landslides

Upper Culver coal zone

forms prominent cliffs

forms strike valley
oyster coquina

unconformity

unconformity

unconformity

unconformity (K)
unconformity

gypsum

LITHOLOGIC COLUMN

Sea level

1000

4000

5000

6000

7000

8000

3000

2000

A’
feet
East

Sea level

1000

4000

5000

6000

7000

8000

3000

2000

A
feet

West

Ktd

Jn

Paleozoic
rocks

Jkc

Jkm

Jcc

^mm

^ms

^mu

^cp

^cl

J^md

Jns

^ml
^mt

^mv

Jtm

Jcx

Jcw

Kcm

Jcp

Jn
Jkc

Jkm

Jcc

^mv

^ms

^mu

^cp

^cl

J^md

Jns

^ml

^mt

^mm

Jcx

Jcw

Jtm

^cs

Jks

Jcx
Jcx

Jcp

Salt Creek
Canyon

Jn
Jkc

Jkm

^cp

^ms
^mu

^cp

^cl

J^md Jns
^mu

^cs

^mm

^cs

Jks

^ms

Paleozoic
rocks

The Red Hill

Coal Creek
^cl

^ms

^mm

^ml

^mt

^mt

^ml

^ms^mm
^mv

?

?
?

?

???

?

?
?

?

Faulted Tertiary
rocks Faulted Tertiary

rocks

C e d a r  C i t yC r o s s H o l l o w H i l l s
Interstate-15

QafyQafoQafo
Qafy

QTaf
QTaf

QTafQTafQTaf

Qbc2
Qbc2

QTaf
QTaf

QTaf

Qafy

Qafy and
Qafc

^mm

Some surficial deposits not shown

Hurricane
Fault

JccJtm

MAP SYMBOLS

Contact, dashed where approximately located

Normal fault, dashed where approximately located,
dotted where concealed; queried where uncertain;
bar and ball on down-dropped side

Thrust fault, dashed where approximately located,
dotted where concealed; teeth on upper plate

Landslide scarp

Anticline, dashed where approximately located,
dotted where concealed; arrow shows plunge
direction

Syncline, dashed where approximately located,
dotted where concealed

Strike and dip of inclined bedding

Approximate strike and dip of inclined bedding

Sand and gravel pit

Quarry (crushed rock or gypsum)

Volcanic vent

Marker bed (red mudstone and gypsum in the Co-op

6

13

0 Adit

Š

Œ

Spring

Prospect

Sample location and number, see table 1

Gravity-slide fault, dashed where approximately 
located, dotted where concealed; barbs on upper 
plate

Creek Limestone Member of the Carmel Formation, 
and dolomitic limestone with red chert in the 
Dinosaur Canyon Member of the Moenave Forma-
tion)

CH1

Oblique-slip fault, dotted where concealed

H Overturned anticline, dashed where approximately 
  located, dotted where concealed

g Strike of vertical bedding

Q
 U

A
T 

E
 R

 N
A 

R
Y

T 
 E

  R
 T

  I
 A

  R
 Y

C
 R

 E
T

A 
C

 E
 O

 U
 S

J 
U

 R
A 

S
 S

 I 
C

H
ol

oc
en

e
P

le
is

to
ce

ne

historical

prehistoric

upper

11,700

126,000

781,000

2.6 Ma

middle

lower

Pliocene

Miocene

Oligocene

Eocene

Upper

Paleocene

Lower

Middle

Lower

Alluvial deposits
Human-derived

deposits

Mixed-
environment

deposits
Colluvial
deposits

Lava
flows

Mass-movement
deposits

Qal1

Qat

Qaf1

Qaf2

?

Qaly

Qap

Qafy

Qafo

QTaf

Qh Qha

Qc

Qmsh

Qms(Ktd)
Qms(Qb)
Qms(Ti)

Qms(Tbh)
Qms(Tc)

Qms(Kcm)
Qms(Kst)
Qms(Jcw)

Qms Qmt
Qac

Qmtg

Tql

Tm

Tm (Tql) 

Tm (Ti)

Ti

Tcp

Kw

Ksd

Ksj

Kss

Kst

Kcm

Jcw

Jcp

Jcx

Jcc

Jtm

Jn

CORRELATION OF MAP UNITS

5.3 Ma

23.0 Ma

33.9 Ma

66 Ma

56 Ma

100 Ma

146 Ma

174 Ma

?

23.8 Ma

Tqcb 22.7 Ma

Tqh 22 Ma

megabreccia
Markagunt

unconformity

unconformity

unconformity

unconformity

unconformity 

unconformity (K)

unconformity (J-1)

Qato

Qapf

Qafc

Qhm

Qea Qst

Qbc

Qbc

1Qblc

Qbl

?

Ktd

Jkc

Jns

Jkm

Jks

unconformity

unconformity

unconformity

Upper

Lower

TR
IA

S
S

IC

26-27 Ma

Tm (Tqcb) 

Tm (Tqh) 

Qapo

Spring
deposits

2

Qbs
?

Note: unconformities not shown for
Tertiary volcanic units

Jcpg
Jcpl

^cp

J^md

^cs

^cl

^mt

^ml

^mv

^mm

^ms

^mu

1.12 + 0.08 Ma

201 Ma

237 Ma
247 Ma

Sample No. Formation Name 7.5' Quadrangle Map Symbol Rock Type Latitude Longitude Lab Used SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O Cr2O3 TiO2 MnO P2O5 SrO BaO LOI Total Ba Ce Cr Cs Dy Er Eu Ga Gd Hf Ho La Lu Nb Nd Pr Rb Sm Sn Sr Ta Tb Th Tl Tm U V W Y Yb Zr Ag As Cd Co Cu Mo Ni Pb Sc Zn
CH1 Cross Hollow Hills lava flow Cedar City Qbc2 basalt 4170898 315029 ALS Chemex 48.84 16.38 11.94 9.48 7.02 3.25 0.67 0.02 1.56 0.18 0.287 0.05 0.06 -0.19 99.55 503 38.7 220 0.24 5.25 3.07 1.57 19.4 5.28 3.6 1.07 16.9 0.4 9.3 20.2 4.95 11.4 4.79 1 434 0.6 0.84 1.86 <0.5 0.47 0.46 256 <1 27.1 2.73 140 <0.5 <5 <0.5 39 80 1 83 9 31 104
CH2 Cross Hollow Hills lava flow Cedar City Qbc1 hawaiite 4169537 315853 ALS Chemex 48.04 16.45 10.82 7.82 7.6 4.18 1.38 0.03 1.98 0.17 0.594 0.09 0.1 0.21 99.46 1010 68.1 250 0.18 5.7 3.13 2.15 18.2 6.29 5.9 1.1 30.9 0.41 20.8 32.3 8.45 11.9 6.64 4 847 1.4 0.96 2.51 <0.5 0.46 0.9 191 1 29.3 2.81 300 <0.5 <5 <0.5 37 52 2 138 136 22 94
CH3 Cross Hollow Hills lava flow Cedar City Qbc1 hawaiite 4169324 314573 ALS Chemex 48.05 16.39 10.65 8.03 7.59 4.16 1.39 0.03 1.96 0.16 0.599 0.09 0.05 0.4 99.55 443 68.2 240 0.11 5.75 3.19 2.16 17.8 6.53 6 1.12 31.1 0.4 20.3 32.4 8.49 10.9 6.52 2 848 1.4 0.98 2.46 <0.5 0.47 1.19 200 5 29 2.78 300 <0.5 8 <0.5 35 45 2 130 6 21 82
CH4 Cross Hollow Hills lava flow Cedar City Qbc1 hawaiite 4169459 314452 ALS Chemex 48.34 16.54 10.75 7.88 7.64 4.25 1.42 0.03 1.99 0.16 0.593 0.09 0.05 -0.12 99.61 372 67.2 240 0.15 5.72 3.17 2.12 17.8 6.53 6 1.13 30.6 0.4 20 31.8 8.43 11.5 6.59 3 807 1.4 1 2.47 <0.5 0.47 0.84 181 <1 28.2 2.83 290 <0.5 <5 <0.5 36 47 2 133 51 22 83
CH5 Cross Hollow Hills lava flow Cedar City Qbc1 hawaiite 4166922 313985 ALS Chemex 48.69 16.44 10.4 7.9 7.76 4.11 1.38 0.03 1.87 0.16 0.544 0.08 0.05 -0.29 99.12 402 65.8 300 0.16 5.74 3.2 2.1 17.7 6.34 5.8 1.12 30.5 0.43 19.4 31.3 8.17 12.8 6.29 2 762 1.3 0.98 2.72 <0.5 0.49 0.82 200 2 27.8 2.81 280 <0.5 <5 <0.5 37 58 2 139 6 23 82
CM1 Pine Spring-Co-op Creek Cedar Mountain Qb basalt 4157123 314677 ALS Chemex 48.04 16.62 11.15 10.54 6.17 3.24 1.05 0.01 1.62 0.18 0.639 0.09 0.11 0.24 99.7 1015 92.7 140 0.22 5.44 3.06 2.23 20.4 6.72 4.5 1.08 47.8 0.4 37.1 40.7 11.1 16.3 7.28 2 818 2.1 0.96 7.48 <0.5 0.45 1.78 286 <1 27.1 2.66 190 <0.5 6 <0.5 34 72 2 51 25 31 105
CM2 Square Mountain lava flows Cedar Mountain Qbs basaltic andesite 4165632 320385 ALS Chemex 53.25 16.38 9.13 7.94 4.98 3.63 1.68 0.01 1.48 0.14 0.63 0.12 0.17 -0.14 99.39 1655 134 90 0.3 5.21 2.69 2.52 20.9 7.06 5.6 0.98 66.6 0.34 27.6 55 15.1 24.7 9.15 2 1110 1.4 0.96 7.22 <0.5 0.4 1.84 206 4 25.7 2.32 230 <0.5 <5 <0.5 27 46 1 73 18 20 107
NH1 North Hills lava flow Cedar Mountain Qbnh basalt 4163812 313169 ALS Chemex 47.56 14.65 11.08 9.39 8.97 3.34 1.51 0.04 2.08 0.17 0.615 0.08 0.09 0.04 99.62 874 88.3 410 0.35 5.53 2.82 2.36 19.6 6.88 5.6 1.02 45.3 0.35 41 40.3 10.65 23.5 7.75 2 771 2.5 0.98 6.77 <0.5 0.4 1.67 267 <1 26 2.33 240 <0.5 <5 <0.5 40 59 3 160 9 27 102

Table 1. Major- and trace-element whole-rock geochemistry for volcanic rocks in and near the Cedar City quadrangle.

Notes:  Major oxides reported in weight percent by X-Ray Florescence; minor and trace elements by Inductively Coupled Plasma-Mass Spectrometry in parts per million.

            Latitude and longitude of samples based on NAD83.  

            LOI = Loss on ignition.
            Rock names based on the TAS classification diagram of LeBas and others (1986).




