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A

nonconformity on Proterozoic

to Proterozoic igneous rocks, conglomerate clasts include Maroon-like shale, siltstone,
sandstone, and limestone, implying that erosion and redeposition occurred. Though
smaller, the lens-shaped marine limestone bodies are similar to the bioherms documented

bounds the northeast side of the Hartsel uplift. This fault is informally named
herein and is inferred based on exposures of Niobrara Formation and the Juana
Lopez Member of the Carlile Shale less than 1 mile (1.6 km) southeast of the town
of Hartsel between the Currant Creek fault and the South Fork South Platte River.
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Regional Setting
SURFICIAL DEPOSITS ) . ) . . . . . Bohannon, R.G. and Ruleman, C.A., 2009, Geologic map of the Sulphur Mountain
The Hartss:l quadrangle sits nea'rly in the center' of the complex Soujch Park Laramide Tf?ctonlsr.n con'qnued after the I.,aramlde orogeny but was characterlged by extens1.on quadrangle, Park County, Colorado: U.S. Geological Survey Scientific Investigations Map
structural basin. Generally, the basin can be described as an asymmetrical down-faulted combined with erosion. Rock units in South Park record continued volcanism accompanied 3082. 1:24.000
ALLUVIAL & MASS- L/E%I}.)J(S)EII{TH;E D%‘;‘})HS\II(T}S feature, dipping to the east. It is bounded by two northwest-trending uplifts: the Sawatch by fluvial and lacustrine sedimentation. A prolonged period of broad erosion led to e
HUMAN-MADE ALLUVIAL MASS-WASTING ~ WASTING EOLIAN u];ll'if’;l tolthe west and thp Front Rangeduplift to thci1 east. ihe \ivis.t-virging Elkhorn thruﬁ}, beveﬁing of thg landsc.:apehfollowing the .Lﬁramide tectoniﬁ event. PosgLararr.lide (;/ollcianisnlll Clement, J.H., and Dolton, G.L., 1970, A chronicle of exploration in South Park Basin,
DEPOSITS DEPOSITS DEPOSITS DEPOSITS DEPOSITS which places Pr.oterogow 1ntm51ve and metamorp ic rocks within the Front Ra.nge. uplift i the _area began In .t e Eocene with centers tol the WCS.t an .contmue t roug Park County, Colorado: The Mountain Geologist, v. 7, no. 3, p. 205-216.
—— L 1 L T o T/ 4 over Phanerozoic sediments in the basin, passes just east of the quadrangle. Seismic data approximately 33 Ma with centers to the south. Volcanic rocks within this map area include
drg B B L and deep oil and gas well logs indicate that a series of imbricate thrust faults extend west, andesitic flows and volcaniclastic units (Tad) similar to those mapped in the Lone Hills in Cobban, W.A., Walaszezyk, 1., Obradovich, J.D., and McKinney, K.C., 2006, A USGS
[ af ] ' E i _— Holocene anq in front of, the Elkhorn tl}rust fault'. The Hartsel 'uplift isa westward-juﬁing structural the Garo quadrangle just to the west (Kirkham and others, 2007) and the Wall Mountain zonal table for the Upper Cretaceous Middle Cenomanian—Maastrichtian of the western
o T | an @l L salient of the Front Range uplift that brings Proterozoic rocks farthpr into the basin south of Tuff (Twm). Interior of the United States based on ammonites, inoceramids, and radiometric ages: U.S.
— Pleistocene the town of Hartsel. The quadrangle also spans the late Paleozoic boundary between the ) . . . . . Geological Survey Open-File Report OF2006-1250, 45 p
] central Colorado trough (DeVoto, 1972) to the west and Frontrangia (Mallory, 1958) to the . Sedlmoe?ts accumul?itel\(jl in the rngIOI}ll Cogtem.poraltlljcouslly with ECUV@ VOlczl_llsm n thcel ’ :
: : ; N ocene, Oligocene, and Miocene Epochs. Stratigraphic relations between sediments an . .
cast. The Neogene Rio Grande rift system lies to the west of South Park Basin in the upper - g P grap ) L Cohen, K.M., Finney, S.C., Gibbard, PL., and Fan, J.X., 2013; updated, The ICS
Middle Arkansas River valley. Examples of Neogene extension can be found throughout South volcanic rocks are complex and continue to be refined through ongoing mapping efforts. I ional Ch ioraphic Chart. Episodes 36: 199-204
| pleistocene  — QUATERNARY Park, as described by Stark and others (1949), De Voto (1971), and Ruleman and others The Eocene Tallahassee Creek Conglomerate (Ttc) and Oligocene Antero Formation (Ta) nternational Chronostratigraphic Chart. Episodes 36: 199-204.
7 s ; ; : o ; ; are interbedded with the volcanic flows and tuffs while the Miocene Wagontongue
Qlso | 011). In la ddmlo " the;e 1s,1 evidence of ongoing local deformaul(in ;el;ted © d}ssoluftlcl)ln Formation (Tw) was deposited later, after quiescence of the Oligocene volcanic e%fent. ¢ DeVoto, R.H., 1965, Facies relationships between Garo Sandstone and Maroon
gnd. p(()ISs.l ?{E col aI()iseﬂ(i Pazez)olz zo)lc evaporite deposits across much of the west side of the ’ Formation, South Park, Colorado: American Association of Petroleum Geologists
asin (Kirkham an r . :
| carly > oers, Quaternary deposits include alluvium (Qa4, Qa;z, and Qa,) and post-glacial alluvium Bulletin, v. 49, no. 4, p. 460-462.
Pleistocene Stratigraphy along modern streams (Qa;). Tributary drainages, many of which are ephemeral (Qai), o )
| emerge into lowlands to form fans. Where watersheds are dominated by resistant bedrock, DeVoto, R.H., 1971, Geologic history of South Park and geology of the Antero Reservoir
'Prffcambrian crystalline igneous rocks are exposed' at the s.ur'face within. thp Hartsel the fans are made up of coarse grained alluvium with steep slopes (Qf); and where the quadrangle, Colorado: Colorado School of Mines Quarterly, v. 66, 90 p.
uplift in the southern part of the quadrangle. The dominant unit is a granodiorite pluton watersheds are dominated by less resistant bedrock, the fans are made up of fine grained
BEDROCK UNITS (Xgd) that is intruded by younger small granitic stocks (YXg) and numerous pegmatite sediment (Qmf) with very low slopes. Much of the region is blanketed with colluvium and DeVoto, R.H., 1972, Pennsylvanian and Permian stratigraphy and tectonism in central
bodies (Yp). Locally, the granodiorite appears hydrothermally altered, as well as deeply sheetwash deposits (Qc and Qsw) with older deposits mantling strath pediment surfaces Colorado: Colorado School of Mines Quarterly, v. 67, no. 4, p. 139-185.
INTRUSIVE  SEDIMENTARY & L CENOZOIC weathered. over exposed bedrock above modern streams (Qgp). Locally, older gravel deposits from ) ) ) .
N VOLCARIC No lower or middle Paleozoic rocks are exposed within the quadrangle; the nearest abandoned channels (Qgo) form inverted topography as ridges or flatirons. Landslides Devoto, R.H., 1980, Pennsylvanian stratigraphy and history of Colorado, in, Kent, H.C.,
UNITS UNITS > CXP . 4 £ (Qls) are common, particularly where the bedrock is shale. Numerous natural depressions and Porter, K.W., eds, Colorado Geology: Denver, Rocky Mountain Association of
! ! exposures are on Trout Creek Pass, approximately 10 miles (16 km) to the southwest. . . . " . . Geologists. n. 71-101
I 1T - - However, these rocks may be present in the subsurface in parts of the quadrangle. Tn the that are either eolian wind-scour features or evaporitic karst above Pennsylvanian evaporite gi1sts, p.
) ) > . . . . ’ . beds are filled with lacustrine playa deposits (Ql).
disconformity L Miocene ate Paleozoic Era, mountain ranges anq marine basins developed in ‘fhe western United Kirkham, R.M., Houck, K.J., Carroll, C.J., and Heberton-Morimoto, A.D., 2012, Antero
disconformty | olicocen States. In central Colorado, a mountain range known as Frontrangia (Mallory, 1958) Structural Features Reservoir geologic map, Park and Chaffee Counties, Colorado: Colorado Geological
|| igocene extended across the state and was 0r1§nted north-northwest to south-southeast. It was . _ . _ . Survey Open-File Report 12-01, 1:24,000, booklet 69 p.
d'ty I flanked on the west by a marine basin, the central Colorado trough (DeVoto, 1980). Three periods of tectonism have imparted a structural fabric on this quadrangle: (1) the
diy Coarse, arkosic sediments were eroded from Frontrangia and deposited in t.he central late queozoic ancestral Rocky Mountgins orogeny, 2) the'Late Cretaceous to Eocepe Kirkham, R.M., Houck, K.J., Lindsay, N.R., and Keller, S.M., 2007, Geologic map of the
Tm |2 disconformity | ecenc — TERTIARY Colorado trough. In the Hartsel quadrangle, these sediments became the Minturn and Laramide orogeny, and (3) post-Laramide extensional tectonics. Structural elements with Garo quadrangle, Park County, Colorado: Colorado Geological Survey Open-File Report
diF%ty Maroon Formations. The late Paleozoic Era was a time of frequent sea level changes histories of deformation are present from each and evidence exists of reactivation of OF07-06. 194 0(30 booklut 78,p.
anguor?mity caused by waxing and waning of glaciers in the southern hemisphere (Rygel and others, several features. Deformation during these periods occurred along the following primary ’ U
Tri”a Z N 2008), S0 t;le Minturn and Maroon Formations contain a wide variety of marine and features: Kirkham, R.M., Keller, J.W., Houck, K.J., and Lindsay, N.R., 2006, Geologic map of the
7 | paleocene nonmarine deposits. : . : T
TTSI' i Hartsel uplift is the area south and west of the town of Hartsel where Precambrian FRZ“ES}(’)IE?)?_g;a?fgzgggbpgiigg?giy’ Colorado: Colorado Geological Survey Open-File
angu o ormity - — - The Hartsel quadrangle straddles the boundary between Frontrangia and the central crystalline bedrock is exposed at the surface and appears to be a Laramide feature. p > LTIV p-
Kfh 1 trough. rth of the Hartsel fault, th i 1 i i i ips i i i i . . . L
T Co prado roug ‘ I.\Io. of the Hartsel fault, the boundary is concea ed by younger Stratigraphic relationships in thg Minturn qnd Maroon Formations suggest that it Mallory, W.W., 1958, Pennsylvanian coarse arkosic redbeds and associated mountains in
K sedimentary rocks; it is thought to be a fault boundary at the approximate position of was also part of the late Paleozoic Frontrangia highland. . . . .
P . . . . L . Colorado, in Curtis, B., ed., Symposium on Pennsylvanian Rocks of Colorado and
Lut Reinecker Ridge (Nesse, 2006; N. Sterne, written communication, 2016). An inferred ) ) ) Adi N D Rocky M A .. £ Geologi 17-20
[ #n — Cretacous  [— CRETACEOUS configuration of the boundary is shown in cross section A-A'. Over 6,300 feet (1,935 m) of Hartsel fault trends northeasterly for approximately 4 miles (6.4 km) in the Jacent Areas: Denver, Rocky Mountain Association of Geologists, p. 17-20.
¢ Koic Middle Pennsylvanian to Permian (?) sedimentary rocks are exposed at the surface. These southwest part of the quadrangle where it bounds the northwest side of the Hartsel N WD.. 2006. G d ies of the L ide Front R Colorado: Th
Kb include marine evaporites in unit Pme, as well as arkosic conglomerate, sandstone, uplift. It appears to have been active during the late Paleozoic as well as the Messe, i Goologis ezgnetliy anzstzc:onlcs of the Laramide Front Range, Colorado: The
Kd T s siltstone, shale, and marine limestone in the upper Minturn and Maroon Formations (Pmu Laramide since it displaces Late Cretaceous sediments along the hogback north of ountain Geologist, v 43, nl, p. 25-49.
discoj n(:l’ml y _ and PPm). Above the Robinson Limestone Member of the Minturn Formation (Pmr), the the intersection of US Highway 24 and State H}gthy 9. S'ense of movement on Fhe Rul CA 4 Boh RG. 2008. Geologi ¢ the EIkh q |
disconformity [ JURASSIC arkosic sediments become much coarser. Paleocurrents in the fluviodeltaic sandstones and Hartsel fault appears cqmplex with stratigraphic §V1d§nce in the Maroon Formation Pu Errgn, t. é aln dO' a;rjlnson,G '1 . ) S’ €0 Osgl(.: n:afP OI the tioati orm Ic\l/l[la r%%%;; ’
“—TRIASSIC _ conglomerates are directed northward, and clast sizes decrease in a northward direction. for down—to—th.e-north displacement along a fault in this area. Subsequent movement 1'a2r4 Oogun ¥y, Lolorado: L.s. Geological sutvey scientilic Investigations Viap ’
sisconformity — — — has apparent displacement of down-to-the-south. It may be a compartment fault and 124,000,
PPmI £ Fpm] — PERMIAN At the Hartsel fault, the boundary between Frontrangia and the central Colorado trough there is the possibility of strike-slip movement.
PQ,‘;T Pmu| [RRmm ] jogs to the west. South of the fault, approximately 200 feet of undifferentiated upper . . . Rulemap, CA., Bohanpon, R,‘G" ],Bryant, B., Shroba, R.R., and Premo, W.R, 20,11’
nf’mr# — PENNSYLVANIAN Minturn and Maroon Formations (PPmm) overlie a deep weathering zone on the top of the Hartsel Spll‘ln‘g‘s f.a;ult 618 4 a{? m.f errﬁd faul}tl that trendfs 1?] est-n((i)rthwle ster}lly fqr Geologic rpap.ofthe Bal.ley ,30 X 60” quadrangle, north-central Colorado: U.S. Geological
me — Proterozoic igneous rocks, with no intervening lower to upper Paleozoic rocks. In addition approximately 4 miles (6.4 km) in the southeast part of the quadrangle where it Survey Scientific Investigations Map 3156, 1:100,000, booklet 38 p.

Rygel, M. C., Fielding, C.R., Frank, T.D., and Birgenheier, L.P., 2008, The magnitude of
late Paleozoic glacioeustatic fluctuations- a synthesis: Journal of Sedimentary Research, v.

beYe- 47 in the Minturn Formation on the cast edge of the central Colorado trough in the Mint ! . : el 78, p. 500-511.
®YX§Tg? }PROTEROZOIC }PRECAMBRIAN ;I;ea ?Wai{(lerniwozr)ma ton on the cast ecge of the central L-oforado tough 1n the Vuntum Exposures of these formations, which are found below the Pierre Shale, in this
xgdl | 2 ’ ' location require a fault with displacement of approximately 1,000 ft (305 m), down- Sawatzky, D.L., 1967, Tectonic style along the Elkhorn thrust, eastern South Park and

CROSS SECTION A-A'

A!

Taken together, the features described above indicate that the area south of the Hartsel
fault was uplifted in the late Paleozoic Era as part of Frontrangia (DeVoto, 1971), and that
it supplied sediment to the central Colorado trough on the Hartsel quadrangle. The features
also indicate that the Hartsel fault was active in the late Paleozoic Era, and that it formed
the boundary between the central Colorado trough to the northwest and Frontrangia to the
southeast. The Robinson Limestone Member has been dated as Middle Pennsylvanian
(middle Desmoinesian; Tillman, 1971), so the flood of coarse, arkosic sediments preserved
in the upper Minturn and Maroon Formations was deposited in response to movement on
the Hartsel fault, during and/or after the middle Desmoinesian Age.

Following uplift of Frontrangia, the region was subaerially exposed and subject to
erosion combined with minor sediment deposition from Permian (?) through Jurassic
Periods. Strata from this period consist of the Garo Sandstone (Pg) and the Morrison
Formation (Jm). Historically, the Garo Sandstone was considered to be Jurassic in age
(Singewald, 1942; Stark and others, 1949) and possibly correlative with the Entrada

to-the-north, beneath the Quaternary valley fill. Much younger Pierre Shale and
Fox Hills Sandstone are exposed just to the north. It has Laramide deformation with
northeast side down of approximately 1,400 ft (427 m) displacement. It is inferred
to be a reverse fault that underlies the inclined Mesozoic strata heading northwest
from Hartsel.

Arrowhead Ranch fault is a major west- to northwest-trending compartment fault
that extends over 11 miles (18 km) to the west across the Garo and Jones Hill
quadrangles into the Mosquito Range (Kirkham and others, 2007; Widmann and
others, 2011). Displacement in the Garo quadrangle just to the west, is south side
down with approximately 1,000 ft (305 m) of stratigraphic displacement.
Displacement varies along its trace and on this quadrangle the north side is down.

Badger Springs folds are a set of anticlines and synclines that deform the hogback
of Mesozoic strata that heads northwest from the town of Hartsel. The axes plunge
north and then swing to the northwest. The amplitude of the main anticline is

western Front Range, Park County, Colorado: Colorado School of Mines, PhD
Dissertation, Golden, Colorado, 172 p.

Scarbrough, L.A., Jr., 2001, Geology and Mineral Resources of Park County, Colorado:
Colorado Geological Survey Resource Series 40, 89 p., 2 plates 1:100,000.

Singewald, Q.D., 1942, Stratigraphy, structure, and mineralization in the Beaver-Tarryall
area, Park County, Colorado: U.S. Geological Survey Bulletin, 928-A 44 p.

Stark, J.T., Johnson, J.H., Behre, C.H., Jr., Powers, W.E., Howland, A.L., and Gould, D.B.,
1949, Geology and origin of South Park, Colorado: Geological Society of America
Memoir 33, 188 p.

Tillman, R.W., 1971, Petrology and paleoenvironments, Robinson Member, Minturn
Formation (Des Moinesian), Eagle basin, Colorado: American Association of Petroleum

SwW NE Sandstone found farther to the west in the Colorado Plateau region (Scarbrough, 2001). approximately 1,200 feet (366 m). An angular unconformity marks the contact of Geologists Bulletin, v. 35, p. 593-620.
ELEV IN ELEV IN DeVoto (1965) argued that the Garo Sandstone is conformable upon, and may even the deformed Mesozoic strata with the overlying Paleocene South Park Formation o .
FEET S < METERS interfinger with, the underlying Maroon Formation, and therefore is Permian. Colorado north of the Middle Fork South Platte River. The folds appear to be early Laramide Tweto, O., 1980, Tectonic history of Colorado: in H.C. Kent and K.W. Porter, eds.,
S § 2 Geological Survey geologists have adopted the Permian assignment of DeVoto (1965). features becguse there is no evidence of similar deformation in the overlying South Colorado Geology: Rocky Mountain Association of Geologists Symposium, p. 5-9.
T2 % Assignment of the Garo Sandstone to the Permian or Jurassic continues to be uncertain and Park Formation. Walker. TR.. 1972. Bioh i the Mint F tion (Des Moinesi ). Vail
S Bad, Bad i ) " : o : : alker, T.R., , Bioherms in the Minturn Formation (Des Moinesian age), Vail-
_ % § S:"ig;; S:figsg Reinecker IS Muley Gulch T, Te poses a critical question about timing of the beveling of the Frontrangia landscape. Santa Maria fault is a north- to northwest-trending fault on the east side of the Minturn area, Eagle County, Colorado: Colorado School of Mines Quarterly, V.g67 no. 4
10000 Co9 § < syncline  anticline Ridge S San Isabel anticline T, sua 3500 Regionally, it is found directly above both Pr.ecambnan crystalline Foc.ks of Frontrangia to hogback held up by Mesozoic strata heading northwest from the town of Hartsel. It p. 249-278.
S 3 syncline tcl}le ea;t a:iu;lt the centrle.ll thfllorlsldo troulgh sed;rnents rtt(l)1 thedwest.t Wfltgin Itilertmaip arl'e?t, thz has approximately 1,500 ft (457 m) of displacement, east side down, and may join
Tslv n aro ~andstone overlies the Maroon rormation north and west ot the Hartsel uplilt an the Hartsel Springs fault. Juxtaposition of Dakota Sandstone against Pierre Shale : ; :
9000 — 3250 directly above Precambrian granodiorite on the east side of the Hartsel uplift. with less disglaciment in thepSOuth Park Formation sugges%s early Laramide gldfnar.m’ B.L, flfﬁrklzjam, R'M'& Kelller,PJ.\lzf.,CPopg)eﬁé 'I‘T" dandc Iirlce(i J’C]?” 12095’1
> _sout ) » eologic map of the Como quadrangle, Park County, Colorado: Colorado Geologica
. ) . . . . deformation. Later movement is indicated by juxtaposition of Dakota Sandstone Survey Open-File Report OF05-04. scale 1:24.000. booklet 69 p.
3000 110Ma2n7eosed.11111.16nts blankete(zl\t/}m; entlrke' Rozlfy Mountzgn re%mndbetweten lapptrroxim?tf}iy against Oligocene Antero Formation. Neogene displacement is difficult to estimate yop P ’ T P
— an mitfhion years ago {via) marking the encroachment and eventual retreat ot the ithout a thickness of the Antero Formation, but it may be on the order of 100 to - ~ ~ :
8000 -\ Western Interior Seaway (Cobban and others, 2006). Sedimentary units deposited during ;VOO ftu(30 to 60 m) 0 Y Widmann, B'L" Kirkham, R.M., Houck, K.J., anq Lindsay, N.R., 2(.)11’ Geologic map 0 f
this marine incursion cross the central part of the quadrangle in a broad northwest-trending ] the Jones Hill quadrangle, Park County, Colorado: Colorado Geological Survey Open-File
2000 — 2250 belt and include the Dakota Sandstone (Kd), Benton Group (Kb), Niobrara Formation South Park, M.cDannald, and San Isabel thrust faults are concealed by Report OF11-04, scale 1:24,000, booklet 90 p.
(Kn), Pierre Shale (Kp), and Fox Hills Sandstone (Kf). These units are genetically linked Quaternary deposits that head to the north-northwest through the central part of the ) o
2000 by their direct association with the interior seaway, representing marine, shoreline or quadrangle interpreted chiefly by seismic and deep borehole data to be imbricate, Wyant, D.G., and Barker, F., 1976, Geologic map of the Milligan Lakes quadrangle, Park
coastal plain environments. With the exception of the Dakota Sandstone, most of the units west-verging thrusts with thousands of feet of horizontal displacement (Stark and County, Colorado, U.S. Geological Survey Geologic Quadrangle Map GQ 1343, scale
6000 — are poorly exposed. others, 1949; Clement and Dolton, 1970; N. Sterne, written communication, 2016). 1:24,000.
1750 They displace Upper Cretaceous strata above Paleocene South Park Formation
The Laramide orogeny began in the Late Cretaceous and continued into the Eocene suggesting middle to late Laramide timing of deformation.
— Tweto, 1980 iod dominated b ional def tion. Th th Park . - .
5000 1500 ;Oﬁi’ion rep)rezsenis I:ﬁg(;ynog(?;n;: s di};nzg?slp(;eeszls(;?ez inet}(l)em;illl(t)}? ParkeBSa(s);ln dureilrrlg Hartsel anticline is an anticline formed on the hanging wall of the San Isabel thrust ACKNOWLEDGMENTS
the Laramide orogeny and rests on an angular unconformity above the underlying [fjlu“ thét Iias appr;mm;t%lysS OOdt;) 700 f:[i (PI.SO tosi113 m) of amplitude. It deforms
4000 — 1250 deformed Upper Cretaceous sediments. It has been subdivided into formal and informal pper fretaceous Fox Hills Sandstone and Hierre shae. The authors wish to acknowledge all that have contributed or assisted in preparation of
members based on compositional differences reflecting changes in source areas and Mud Springs fault is marked by a belt of deformation crossing the northeast corner this geologic map. In particular, we show gratitude to the work of Richard DeVoto over
1000 depositional environments (Sawatzky, 1967; Wyant and Barker, 1976, Widmann and of the quadrangle interpreted to be a thrust similar to the South Park, McDannald the years as documented in an unpubllshed gqologlc map of tbe South Park region on file
others, 2005; Kirkham and others, 2006; Ruleman and Bohannon, 2008; Ruleman and and San Isabel thrusts, but heretofore unnamed. It is evident at the surface at its at the Colorado School of Mines library. This map proved invaluable for guiding field
SURFICIAL UNITS NOT SHOWN NO VERTICAL EXAGGERATION others, 2011). Stratigraphic relationships of the various members are complex and member : : fforts for thi drangl We also thank all of th th logists who h
Crs, : grap ! ps € comp . X southern extent in the quadrangle but appears to become a blind thrust beneath etforts for this quadrangle map. We also thank all of those other geologists who have
assignments from other locations within South Park do not strictly carry into this folded strata at its northern extent. contributed to advancement of the knowledge of this unique geologic setting over the
quadrangle. The block diagram below illustrates the relationships of the units identified in L . . decades. Ned Sterne was instrumental for providing insight to the complex subsurface
this quadrangle and members include, in ascending order: a lower volcaniclastic member Mu(liey (;,ulfc h alclltldmﬁ I}Sl a tight ticl)ldf c}rlosls\:[n% ;he.nort?ealst Icorner lgf bth.e structure and provided valuable review of the cross sections. Mapping would not be
(Tslv), the Link Spring Tuff Member (Tsl), an upper volcaniclastic member (Tsuv) and an quadrangle formed on the hanging wa'l of the Mud Springs fault. Its cast limb 1s ossible without the assistance, support, and access to land from the local citizens and
: : : steeply dipping and the fold may be deformation above a blind splay off of the Mud P ) » SUPPOT, @C . .
upper arkosic conglomeratic member (Tsua). The upper two have not been described as S P yf pping y piay landowners. In particular, we thank Gary Brightbill, manager of the Santa Maria Ranch,
B B’ such in nearby quadrangles, yet form distinct mappable units in this area. These units are pring feature. Dominic Amari, Scott Anderson, manager of Hartsel Springs Ranch, Dave Harvey, Tina
given new informal names herein. An upper conglomerate, described as a syn-tectonic unit San Isabel syncline is a syncline on the hanging wall of the San Isabel thrust east Sanglers,. John Stafford, gnd Julie Stot. Matt Morga.n (CGS), Karen Berry (CGS), and
SW CROSS SECTION B-B' NE by Rulemap and Bohannon (2008) and Bohannon apd Ruleman (2009) rests on an angula}r of the Hartsel anticline that deforms Paleocene South Park Formation with DaV.1d Lidke (USQS) rev1§wed the map prior to publication, Larry Scott drafted the cross
unconformity above deformed South Park Formation. This unit, called the syn-tectonic a imatelv 500 to 700 £t (150 to 213 f litud sections, and Caitlin Bernier (Pangaea Geospatial) produced the map plates and GIS files.
ELEV IN ELEV IN e : pproximately 0 ( 0 m) of amplitude. < :
FEET METERS conglomerate by Ruleman and others (2011) and herein given the informal name of We are grateful to Park County and the Coalition for the Upper South Platte for their
Elkhorn conglomerate (Tec), appears to have been deposited during and/or after Currant Creek fault is a northwest trending fault crossing the Hartsel uplift in the continuing support and input for our efforts in the region.
11000 — < Bend in Section < FAULT SYMBOLOGY deformation by the Elkhorn thrust. southern part of the quadrangle. It juxtaposes Precambrian rocks and Mesozoic
S5 S 5 Interpreted fault boundary between the strata against Oligocene Antero Formation indicating Neogene movement. Neogene
2 Q% : 2 - = - Pepnsylvanian/Permian Frontrangia displacement is difficult to estimate without a thickness of the Antero Formation but 1Age assignments follow the International Commission on Stratigraphy International Chronostratigraphic Chart v.
10000 — E S E E uplift and central Colorado trough Stratigraphic Relationships of South Park Formation Units in Hartsel Area it may be on the order of 200 to 300 ft (60 to 91 m). 2017/02 (Cohen and others, 2013; updated)
§ -~
Twm Tad Pg § & ‘% %) § __~__ _  Faults active during Laramide deformation Deformation from compressional tectonism during the Laramide orogeny occurred along
i | s T Kb Ta § arrow shows displacement South most of the structures present in the quadrangle. Early deformation preceded deposition of
9000 Ser o Epoch West side East side South Park the Paleocene South Park Formation and stratigraphic relationships within the unit point to
Faults active during N : : i i i i i
\ﬂ . ararg v: :hcolv\;z diljsr‘l)rr;;yce rz;c;gr;]etzne or younger Reinecker Ri dge Mul ey Gulch early uplift tf) the west. Clast succession in the lower Volcanlclastlg member of the South
Park Formation reflects unroofing of volcanic centers and Paleozoic rocks from an early
8000 Sawatch-Mosquito high in the west. Decrease in grain size from a conglomerate with
=% © e ¢ ° ' s L : . . .
— — - Fold axis Epgere 0°° 0L Q O [EikHom conglomerate (Tec) O boulders as large as up to 8 ft (2.4 m) on Reinecker Ridge to 2 ft (0.6 m) in the east part of
2250 MNANNAN/ _ the quadrangle suggests powerful streams and a close western source. Uplift on the west
7000 : ; Sgdtﬁ? ;?_(,érkosimsu‘a)' - side. of the Santa Maria fault north .Of Haﬁsel and the south\fvest side of the inferred Hartsel
4 o= s = Springs fault may have accompanied this phase of Laramide deformation. Offsets of the
2000 7~ s G = Upper Cretaceous marine sediments along the Hartsel fault indicate recurring movement
6000 : ey along this feature.
1750 No Exposure

A period of erosion and deformation followed this earlier Laramide phase before
deposition of the South Park Formation. The north-plunging Badger Springs folds appear
to have formed during this early phase of the Laramide event because they are truncated by
the angular unconformity at the base of the South Park Formation. The angular
unconformity cuts deeper into the upper Cretaceous strata in a northwesterly direction
indicating there was considerable uplift and deformation farther to the northwest prior to
deposition of the South Park Formation. Deformation, dominated by the west-directed
Elkhorn thrust fault east of the quadrangle and development of the South Park,
McDannald, San Isabel, and Mud Springs thrust faults, appears to have accompanied
deposition of upper members of the South Park Formation. Folding of the Hartsel
anticline, San Isabel syncline, and Muley Gulch anticline may have accompanied this
phase. This style of west-directed compressional deformation continued after deposition of
the South Park Formation. Compressional deformation between the rising Hartsel anticline
and San Isabel thrust caused a series of east-directed small-scale back-thrusts evident in a
northwest trending belt northeast of Hartsel. The earlier uplifts along the Santa Maria and
Hartsel faults, may have buttressed the later west-directed deformation leading to complex
patterns of deformation in this belt. A number of northeast-trending faults segment the
main structures; many may be tear faults in the hanging walls of the thrust sheets. The
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Note: Interpretation of subsurface fault geometry east
of the Santa Maria and Hartsel Springs faults in the
1000 cross sections is based on seismic and deep borehole e : . - :

data (Clement and Dolton, 1970; N. Sterne, written : i
communication, 2016). : i

SURFICIAL UNITS NOT SHOWN NO VERTICAL EXAGGERATION

NANANNNS
Late

Cretaceous

ash beds B volcanically sourced rocks € . arkosic conglomerate Hartsel fault has a similar northeast trend and may have been reactivated as a tear fault
red beds (weathered paleosol) Siesyrainedioais O3 anguar arkosic oulder conglomerate during Laramide compression.
GEOLO GIC MAP OF THE HARTSEL QUAD RANGLE ) PARK COUNTY, COLORADO = fossil log S5 poiymictio conglomerate Several faults drop blocks containing the Oligocene Antero Formation in a broad north-

to-south trending belt though the center of the quadrangle. It appears that this phase of
extensional tectonism may have reactivated older features. The Santa Maria and Currant
Creek faults appear to be part of the same fault system showing downward displacement
on the east side.
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