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and the west-central part of the Denver basin (section C-C’) also originated as late Paleozoic Just as the upper Paleozoic rocks were stripped from most of the Chromo-Gramps area, Cretaceous rocks (sections A-A’, B-B’). The lower Tertiary and the uppermost Cretaceous B-B’), the Rampart Range fault (section C-C’), the Wet Mountain fa,l,lh (section D-D’), and Izett, G. A., and Barclay, C. S. V., 1973, Geologic map of the Kremmling quadrangle, Grand
INTRODUCTION structural and sedimentary basins but underwent further growth during the Laramide orogeny, the Triassic rocks were stripped from a large part of southwestern Colorado during the Jurassic. rocks are orogenic deposits derived locally from the rising uplifts. The main body of the Cretaceous the fault at the east base of the Sangre de Cristo Range (section E-E’). The Williams Range County, Colorado: U.S. Geological Survey Geologic Quadrangle Map GQ-1115, scale
. . when differential subsidence and attendant sedimentation recurred. The eastern limit of preserved Upper Triassic rocks (Chinle and Dolores) is shown on figure 2 rocks, by contrast, consists of a distal facies derived from a source far to the west, where orogeny fault, though locally a striking example of a flat thrust fault, is interpreted to steepen downward 1:62,500.
109 ; The geologic sections pres.ented here supPlement the Geologic map of C.olorado (Tweto, . o _ ) _ as modified slightly from Stewart and others (1972, pl. 5). Triassic rocks are truncated by the occurred before the Laramide as expressed in Colorado. The orogeny to the west, once also (J. H. Howard, 1966; Izett and Barclay, 1973), and relations to topography in some places Lovering, T. S., 1929, Geologic history of the Front Range, Colorado: Colorado Scientific Society
4 108 107 1080 108° 1080 103 1979a). As shown by the sections, thg State is a tectonic mo.saic of mountain uplifts anc! in- . The Paradox and Eagle basins contain thick Pennsylvanian evaporite deposits. Deforma- Jurassic along this boundary, indicating that the original or depositional edge of the Chinle and called Laramide, has been known more recently as the Sevier orogeny (Armstrong, 1968).Up- require that the steepening be abrupt. In an area south of section B-B’, the fault has a flat dip Proceedings, v. 12, no. 4, p. 59-111.
| 1 I | | tervening or bordering structural basins. Stratigraphic relations portrayed in the sections tion related to flowage of the evaporites began at least as early as the Early Permian and con- Dolores lay somewhere to the east, in or near the area of the late Paleozoic Uncompahgre per Cretaceous sediments from the Sevier orogen were deposited in a basin that shallowed and a horizontal displacement of at least 6 mi (10 km). Wahlstrom and Hornback (1962) con- Luedke, R. G., and Burbank, W. S., 1962, Geology of the Ouray quadrangle, Colorado: U.S.
S & ND WASH -; 0N demonstrate that the uplifts and basins are of more than one age. Most of thg upli.fts and basins tinued through the Triassic and part of the Jurassic. Flowage of the evaporites probably was highland. This highland has been cited as a source of Upper Triassic sediments (Stewart and eastward across Colorado (Weimer, 1970, figs. 2, 3). Tectonic subsidence of this basin probably cluded that gravitative movements there had extended the overthrust plate far beyond the steep Geological Survey Geologic Quadrangle Map GQ-152, scale 1:24,000.
BASl K 5 g ;70/ were products of the Laramid.e orogeny of lates't Cretaceous and earlg T.erhe?ry time. .Some. of trigggred by movements on old. faults in the. Precambrian basemept (Cater, 1970; l'-‘reeman, 1971). others, 1972), but the main source may have been in the Mesozoic additions to the late Paleozoic was supplemented locally by subsidence caused by growth of successive great deltas (Weimer, root of the fault. _ Mabher, J. C., and Collins, J. B., 1953, Permian and Pennsylvanian rocks of southeastern Colo-
A = NOBTH ,\g@ A’ them, however, were created in the post-Laramide Tertial'ry. Others coincide in part with uplifts In the Paradt?x'basin, ﬂowage.m the Permian and early Mesozoic produced a series of northwest- highland shown on figure 2. Before erosion these additions contained Paleozoic rocks that prob- 1970). In the Laramide, the Late Cretaceous basin was disrupted by uplifts (sections A-A", Thie Golden Bt has been dssetbiod by dffctant Al 55 a steap reverse-fiulk dnd s rado and adjacent areas: U.S. Geological Survey Oil and Ges Investigations Map OM-135,
and basins that were created as }I)arht/l of the An';_:ﬁstral R(:i(:klfeshm the late Paleozoic, or with areas tiending anné:l;nes and sglchne;.g ';'he;e folds were later accentuated by renewed flowage in ably were a principal source for the fine-grained Upper Triassic sediments (Bryant, 1979). B-B’), but large surviving parts of it subsided further to become the Sand Wash, Piceance, a foderately Jowsanglerthrust fauk, Refeeton selsmic Bisestigniions alonyy te:taultin e - ocale about 1 in. = 18 mi.
- oifj recmérrbe;t f;ec.tor::,mtln :I'E eta;'%l esozoic. The record of these various tectonic events is con- : arre::)n‘)‘il eian ;te; tbrt%’ :tezl,e : toé bg. 223)t O(rie9 g{) the] ar;}ic]linet;—tEhat‘obea‘rado;c]Vasliey— A sscond early Mesozole tectoriic disnibanze: secuirred after deposition of fh Chinle For: Denver, and other basins. These basins thus are composites of two quite different manifesta- ity of section B-B’ (Davis and Young, 1977) indicate that the fault is an element of a zone Mallory, W. W., 1972, Pennsylvanian arkose and the Ancestral Rocky Mountains, in Mallory,
sidered briefly in the text that follows. ]s s r;i rl1 sectio : ' s g ‘f,c e 3; a“ertr . g o nth e E :tg ep asin, a(Feea one istion and beforeideposition of thenipper Middle Jurassic Enfrada Sandstone, This distifbanice tions of an orogeny that migrated eastward with time. In an early phase that was a distant effect of closely spaced falts forming the boundary between the Front Range and the Denver basin. W. W, ed., Geologic atlas of the Rocky Mountain region: Rocky Mountain Association
e Locations of the main uplifts and basins, as they exist now, are shown in the sections and la;%el )ar;\ cline was czirrtxl:? kan‘ afs Ueros oga yi uncaCI p:l' ' ;)r? e . el erm:? ftrh erglar'l, t5-expressad by ari angulss uriconforiity beneath the Entrada and by faults and warps in the of Sevier orogeny, regional subsidence and sedimentation pccurred in the absence of significant Faults of the zone are vertical in the Precambrian basement, but the Golden fault and a branch of Geologists, Denver, p. 131-132.
on figure 1, as well as the locations of the uplifts that existed in the late Paleozoic and the early ; - A pronounce ckening of Upper Permian and Triassic formations in a part of the basin ke b b th ¢ Arcul ¢ Lill d - tectonism in Colorado. In a late, or Laramide, phase areas-of subsidence and sedimentation of it bend to a convex-upward profile in the Pierre Shale near the surface. The shale is draped Melton, F. A., 1925, The ancestral Rocky Mountains of Colorado and New Mexico: Journal
o : is attributed to centripetal evaporite flowage and may not be reflected in the pre-Pennsylvanian rocks beneath the unconformity. Angular unconformity is well illustrated at Treasure Mountain int d f uplift and deformati
Mesozoic. Geology shown at the surface in the sections is from the State map except that, owing rocks (Tweto, 1977) dome (section C—C"), where the Enirada bevels almiost ffie. eafire Paleozolc: siratigraphic sée- were interspersed among areas of uplift an ormation. into steep dips, whereas more competent rocks beneath it are merely tilted and offset (Davis of Geology, v. 33, no. 1, p. 84-89.
O— Z to the small scale, surficial deposits are not shown, and in some areas, certain thin formations ’ : . ticn, Beveling also accursisouthward along thie west eide of the Sawstch Range, Near Asper, POST-LARAMIDE MOUNTAIN GROWTH AND RIFTING and Youn,g, 1977). Data from two boreholes at the mountain front 6 mi (10 km) south of sec- Mueh}bbedrger, W.d RM. 195'17,RGe°l°9Y OfBCl*l\amasguaflfzngle, New Mexico: New Mexico Bureau
400 — B ER A o 106° ?t the sulrf ace are mzlcessarily .included w:lth the unaci:airlyinfgr geologic untt, as noteg’.:,T}l:e fugs;“' EARLY MESOZOIC UPLIFTS the Entrada lies on remnants of the Chinle Formation or on the Lower Triassic and Upper Per- In the Tertiary, after Laramide orogeny had drawn to a close in about the middle of the ﬁo{; B‘f_ B were app{aised by Beégf(llc? 62),dwl:10 coln aiuded that the principal structure fn the Ostet:houi;eswan‘, 113?712 Cﬁsrgl;ge;ga; :,m;-a étt J % ed.. Oil and fields of the F
109° 108° l /-1 acde ,geo ogy is balsle on Stratlgrab‘iih;:: adn StrUCtudr aéa 10 m m?‘:]s_: S(;Jrces, lo)n. l: i atai; In the area Of the Uncompahgre hlghland and bordering areas to the northeast and southwest mian State Bﬁdge Fofmaﬂon (Bryant, 1979). TO the South, it lies ﬁrst on the P ermian and Penn- Eocene, the mountains that had been created in the Laramide were rejuvenated at various times subsurtace is a Steep y overturned fo s an that re ated faumng is a Subsidiary feature' Corne;s ar'ea: ,Four éomers Geol ! cal S ssle 2 e 1’13 _‘1’ 1 5 and gas:fields.of e Four
UPLIFT | ;n in some sma ar:;g,om‘f?“ 15 ﬂ‘: t§eismfct aita. eg c::tgyfo - ﬁrrlecl:am :lzn zfastimen (fig. 2), Triassic or Jurassic rocks lie either on Precambrian rocks or with angular discordance sylvanian Maroon Formation and then on the Middle Pennsylvanian Minturn Formation. South and by various means, but the Laramide basins seem to have stabilized. Igneous activity in most ‘The Sparks fault, at the east end of the Uinta Mountains (section A-A’), is a moderately Riczing. H. B.. 1955, Esrly Cenozoic ;‘)gtl o?(t:hety S,ap.d Wash basiri. northwest Colorads, §
om a map (Tweto, a,ﬁ g. 1) tha ;s t;n llt; erim product of a continuing study of the com- on erosionally truncated Paleozoic rocks. In scattered localities in the same areas, evidence is of the Roaring Judy fault near Almont (fig. 2), the Entrada is absent and a younger Jurassic of the mountain province during the Oligocene (Steven, 1975) added to the stature of many low-angle thrust fault insofar as it is known. The fault is a southeast-trending continuation of Ritzma. H. R.. and Oilel S. S edso%uldebooknto th:s el ol nfo n ::w estoé) ;:”:"i 0'?
position, structure, and configuration of the basement. seen of faulting and folding that occurred after deposition of Lower Permian rocks and before unit, the Junction Creek Sandstone, lies on Precambrian rocks. Still farther southeast, near Black of the Laramide uplifts. Large-scale volcanism produced the San Juan Mountains as a superstruc- the Uinta and other faults that extend along the north flank of the Uinta Mountains in Utah. Intesinokitaie Amociation ol Pebsleiin: Godk 6th Anr?u al:%’l;c :f it 36-40.
LATE PALEOZOIC UPLIFTS AND BASINS deposition of Upper Triassic or upper Middle Jurassic rocks. These features define a large region Sage Pass (fig. 2), the Junction Creek wedges out and the Morrison Formation lies on Precam- ture on an eroded Laramide uplift on the site of part of the late Paleozoic Uncompahgre highland These faults have been proved by drilling to be thrust faults of low to moderate dips (Ritzma, 1971. Faulting on the novth flank of th Ugl ta’M tains. Utah t:i é I ceé P inS )
c Grand Junction c’ Three major uplifts, known as the Front Range, Uncompahgre, and Apishapa highlands in southwestern Colorado that underwent uplift and moderate deformation at one or more times brian rocks. These relations indicate a center of pre-Entrada uplift in the area east or southeast (sections D-D’, E-E’). Extensive igneous intrusion almost certainly caused renewed uplift of 1971). The Sparks fault was active principally during deposition of the lower Eocene Wasatch — on,W omlr? tectonk: S ?h eiroeco :omrl:: signoun cr:,w om?: .S :o orado, in ym:
a0 — — (fig. 1), rose in Colorado in the Iate Paleczoie prot;ably beginning in the Late Mississippian or between the Late Permian and the Middle Jurassic. The area affected by faulting extended at of Gunnison, and that uplift there may have continued into the late Late Jurassic. the Elk Mountains and Sawatch Range (section C-C’). Additionally, the widespread occurrence Formation. It weakens or dies out upward in a conglomeratic facies of the Wasatch (Ritzma, Egn Guidebo%k ,,3 23, p. 145-150 PR
Early Pennsylvanian. The locations and general outlines of these highlands were recognized ear- least to the wes.te;n ﬂan;( l;.')f the lattfa Pal;iozoti’c lFront l}iani(;relihltg}:\laPQ. Fiarthe; jast, aireas of uplift The uplifted area was bounded on the northeast side by the complex Jacks Cabin fault zone of intrusive bodies in the areas of highest average altitude in Colorado suggests that a deep magma 1955) and consequently is very poorly exposed. Ryder, R. T., 1977, Oil and gas potential, pt. D of Mineral resources of the Chama-southern
ly by several authors (Melton, 1925; Lovering, 1929; Burbank, 1933; Heaton, 1933). The boun- or warping are indicated by unconformities below and within the Iriassic and Jurassic sequence. (fig. 2), not all of which has yet been mapped. On the southwest side of this fault zone, Jurassic body may have caused a general inflation of a large part of the mountain province in the latter Most faults related to the Rio Grande rift are interpreted to be listric normal faults (sections San Juan Mountains wilderness study area, Mineral, Rio Grande, Archuleta, and Conejos
éﬁﬁf-? f&?‘EN daries were better defined later, following more detailed studies and subsurface exploration (Maher In the western San Juan Mountains the Lower Permian Cutler Formation and older rocks r'ocks lie on the Prgcambrian basement, whereas on the northeast side, lower Paleozoic rocks half of the Tertiary. C-C’, D-D’, E-E’), though some are reactivated old and essentially vertical faults. Block- Counties, Colorado: U.S. Geological Survey Open-File Report 77-309, p. 119-146.
_ and Collins, 1953; J. D. Howard, 1966; Mallory, 1972), and further refinements are made herein. were faulted and warped before the Upper Triassic Dolores (or Chinle) Formation was deposited lie on the Precambrian. These relations are seen east of Almont and near Black Sage Pass (fig. 2). In the Miocene and Pliocene the entire State was affected by regional uplift that accounts faulting that accompanied development of the rift in the Neogene occurred chiefly along preex- Steven, T. A., 1975, Middle Tertiary volcanic field in the southern Rocky Mountains, in Curtis,
The old highlands are identified by a combination of geologic features. The pre-Pennsylvanian (W:imer, 198]?).fUt§liﬁ ar:jd elrc?sior;_’ are exlpressed It_a{y an unc?:nfonni‘ty bc.avel}?d glrough tl':je Iglu:‘ler LARAMIDE UPLIFTS AND BASINS for the generally high altitudes, even of the Great Plains. The regional uplift was accompanied isting faults (Tweto, 1979b), many of which were vertical or subvertical Precambrian faults. ?A F., ed.l, ﬁenozgi; hgiiory of the southern Rocky Mountains: Geological Society of America
Paleozoic rocks wedge out by erosional truncation on the flanks of the highlands, or are cut and part or all of the underlying Pennsylvanian Hermosa Formation in the Ouray an iedra Lasamide oronenyinthe very late:Cretaceoiis and ealy Tertiary produced uplfis and basis by renewed differential uplift of many of the mountain units, by block faulting, and by develop- emoir 144, p. 75-94.
i iR off by faults that border the highlands. In contrast, Pennsylvanian and Lower Permian rocks River areas (fig. 2) (Luedke and Burbank, 1962; Steven and others, 1974). North of the Dallas thiat fogether occugy aylmost theanﬁre State. Some of the !:mlifts &re rejuvenagons ofithie late ment of the Colorado part of the Rio Grande rift. The San Luis and Arkansas Valleys (sections Steven, T. A., Lipman, P. W., Hail, W. J., ;Ir., ?arker, Fred, and Luedke, R. G., compilers,
p Bled) wedee out against the highlands by depositional onlap. Coarse and arkosic sandstone and con- Creek fault, near Ridgway (fig. 2), the Dolores (or Chinle) lies on Precambrian rocks, whereas 4 C-C’, D-D’, E-E’) formed as grabens of the rift zone (Tweto, 1979b). The Sangre de Cristo 1974, Geologic map of the Durango (1°x 2°) quadrangle, southwestern Colorado: U.S.
. g S il yep = th south of the fault it lies on the Cutler, indicating major movement on the fault before the Dolores Paleozoic and early Mesozoic uplifts, but some were at sites that had no previous history of dif- and Gore Ranges (sections D-D’, B-B’), both consisting of elements of older uplifts, were REFERENCES CITED Geological Survey Miscellaneous Investigations Map 1-764, scale 1:250,000.
glomerate characterize the Pennsylvanian and Lower Permian sedimentary sequences near the was deposited. Stratigraphic relations in the western San Juan Mountains date these various ferential uplift, and some straddled the borders of earlier uplifts. Thus, though several of the elevated as high horsts. The south er,n Front I,iange and Wet Motintains underwerit reneweé uplift Armstrong, R. L., 1968, Sevier orogenic belt in Nevada and Utah: Geological Society of America Stewart, J. H., Poole, F. G., and Wilson, R. F., 1972 Straﬂgr;phy and orig,in of the Chinle
old highlands, a feature emphasized by Maher and Collins (1953) and Mallory (1972). Deposi- St & orili 26 Liate Parmi Earlo or Middle Triassic. On the basis of siratigraphi uplifts had an earlier expression, Laramide uplift was more widespread than and substantially . ; ; Bl v 79 no. & . 429458 . ; oo o Vet ARl e sn g net l
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= extensive parts of the highlands and environs occurred in the Triassic and again in the Jurassic. tectonic disturbance thus probably occurred principally in the Middle Triassic. the old highland (fig. 1). An erosionally truncated low-amplitude Laramide uplift on the Great FAULTS Burbank, W. S., 1933, Relation of Paleozoic and Mesozoic sedimentation to Cretaceous-Tertiary Tweto, Ogden, compiler, 1979a, Geologic map of Colorado: U.S. Geological Survey, scale
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y faults and apparently only gently uptilted along their no I pahgre highland but on the borders of early Mesozoic uplifts. The Sangre de Cristo and Sawatch was repeatedly reactivated in later time. The Idaho Springs-Ralston shear zone (section B-B’) Paper 637, 80 p. ___ 1980b, Tectonic history of Colorado, in Kent, H. C., and Porter, K. W., eds., Col-
cast sides (Tweto, 1980b). An exception to this patte have:existed in the past:of the Un- Formation (Wood and others, 1948). By contrast, in the syncline between the two anticlines, D TL 4y T K. 1977.S
E’ ) . ption to this pattern may have ex p C ks d db Ranges, the White River uplift, and the Uinta Mountains, located between the old Front Range is representative of northeast-trending shear zones that had multiple episodes of movement in avis, T. L., and Young, 1. K., , Seismic investigation of the Colorado Front Range zone orado Geology: Rocky Mountain Association of Geologists, p. 5-9.
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HIGHLAND Durango immediately east of the valley, suggest that the northeastern side of the highland was high and on Precambrian rocks on the Chromo anticline, indicates folding and erosion prior to deposition " PIeip! aVEmENTs T Akt =G Freeman, V. L., 1971, Permian deformation in the Eagle basin, Colorado, in Geological Survey @, mo. 12, p.. 1177-1478.
® £ steep, as noted by Heaton (1933), and that it may have been fault-bounded. of the Dolores. The fact that only a remnant of the Dolores is preserved in the area indicates Like the Laramide uplifts, the Laramide basins are more widespread than earlier basins and The attitudes shown in the sections for many of the faults reflect both an interpretation of Research 1971: U.S Geological Survey Professional Pai) or 750-D p. D80-D83 Weimer, R. J., 1970, Rates of deltaic sedimentation and intrabasin deformation, Upper Cretaceous
_ ) ) tilting or renewed folding and erosion prior to deposition of the Entrada. seem to be distributed independently of older tectonic features. Some of them, such as the Raton the true dip and a distortion caused by the exaggerated vertical scale of the sections. In areas Heafon, B.T. 1935 Am.:e stral Rockles and Mesozole ind laie Paléozolc ;tra'tigraphy of 'Rocky of Rocky Mountain region, in Morgan, J. P., ed., Deltaic sedimentation, modern and an-
‘_L z The Aplsh.apa hlghlland of southeastern Colorado was bounded by faults on its east and The outlier of Pennsylvanian rocks in the syncline is at least a few miles east of the main basin and the west-central part of the Denver basin, subsided first in the late Paleozoic and again of high relief, where fault dip can be observed through extensive vertical distances, most Precam- Mouritali ,region,' American Assoclation of Petrolebym Geologists Bulletin, v. 17, no. 2, p cient: Society of Economic Paleontologists and Mineralogists Special Publication 15, p.
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3 rregularly into the Sierra Grande and of New Mexico. Precambrian rocks of the Apishapa _B’ _B’ 100,
gularly g pishap the deep northwestern part of the Piceance basin (section B-B'’) were in the area between late among the major faults are the Gore, Blue River, and Berthoud Pass faults (section B-B’) and Howard, J. D., 1966, Patterns of sediment dispersal in the Fountain Formation of Colorado: 1980, Recurrent movement on basement faults, a tectonic style for Colorado and ad-
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Figure 1—SHOWS LINES OF SECTION AND LOCATIONS OF ANCIENT HIGHLANDS WITH RESPECT TO EXISTING TECTONIC FEATURES IN COLORADO.
YELLOW, AREAS OF LATE PALEOZOIC UPLIFTS; GREEN, AREAS OF ADDITIONAL UPLIFT IN EARLY MESOZOIC.
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Figure 2—LOCATIONS OF SOME PALEOTECTONIC FEATURES IN SOUTHWESTERN COLORADO.

highland are capped by Upper Permian rocks, indicating that the highland did not persist beyond
the Early Permian.

The late Paleozoic highlands were bordered through parts of their lengths by downwarps
in which thick Pennsylvanian and Lower Permian sediments accumulated. The Eagle and the
Paradox basins (sections B-B’, D-D") are leading examples. The Raton basin (section E-E’)

west of the inferred edge of the late Paleozoic Uncompahgre highland (fig. 2). Another remnant
of Pennsylvanian rocks is preserved beneath the Chinle at a locality in New Mexico 23 mi (37
km) southeast of the Chromo-Gramps area (Muehlberger, 1967). The remnants in the Colorado
and New Mexico localities indicate that Pennsylvanian rocks, as well as overlying Permian (Cutler)
rocks, were removed from a substantial area during deformation and erosion prior to deposition
of the Chinle and Dolores Formations.

Paleozoic uplifts but outside the area of pronounced late Paleozoic subsidence and sedimenta-
tion. Still other basins, such as that of North Park (section A-A’) and the southeastern part
of the Piceance basin (section C-C’), formed by Laramide subsidence in areas of late Paleozoic
or early Mesozoic uplift.

The sedimentary fill in the Laramide basins consists principally of lower Tertiary and Upper

the Iise fault (section D-D’). Many other faults in the Precambrian terranes and in the buried
Precambrian basement are assumed to be vertical.

Several Laramide faults along mountain fronts display thrust relations at the surface but are
interpreted to be steep reverse faults that flatten upward. Examples are the fault at the west base
of the Park Range (section A-A '), the Williams Range thrust fault and the Golden fault (section

Mountain Geologist, v. 3, no. 4, p..147-153.

Howard, J. H., 1966, Structural development of the Williams Range thrust, Colorado: Geological
Society of America Bulletin, v. 77, no. 11, p. 1247-1263.
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jacent areas, in Kent, H. C., and Porter, K. W., eds., Colorado Geology: Rocky Mountain
Association of Geologists, p. 23-35.
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