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y HUMAN-MADE DEPOSITS Qrg Rock glacier deposits (Holocene and Upper Pleistocene) — Hummocky, lobate to Kb Benton Shale (Upper Cretaceous) — Very poorly exposed in the map area. Chiefly MESOPROTEROZOIC AND PALEOPROTEROZOIC INTRUSIVE ROCKS
g "X o . tongue-shaped deposits having a surface veneer of mostly angular boulders and cobbles dark-gray, black, and dark grayish-brown, non-resistant, wavy-bedded, (fissile,
; 3 : c / / af Artificial fill (uppermost Holocene) — Earth materials emplaced to construct the devoid of matrix material. The bouldery and cobbly veneer is inferred to cover a carbonaceous shale interbedded with dark grayish-brown to medium-gray, rusty- Pegmatite (Mesoproterozoic) — Includes a single body in the east-central map area.
g 2EE, { ) 7 z historic Boreas Pass rail line and the existing road, and small dams along Michigan thicker mass of rock rubble with interstitial silty and sandy matrix. The rock rubble and weathering, calcareous siltstone and silty sandstone, dark-gray to dark brownish-gray, May also be present elsewhere as isolated masses too small to map separately. White,
=z O 3 | A Creek. Estimated thickness is 3-40 ft (1-12 m). matrix below the surface may be frozen (permafrost) or ice-cemented and may overlie thin-bedded, fetid, crystalline limestone in beds 1-5 ft (0.3-1.5 m) thick near the top of light gray, and pink, extremely coarse-grained, non-foliated, irregularly shaped to
£ Tap ; 1/ . = an ice core. The frontal slopes of rock glaciers are at or near the angle of repose. the formation, and 1-3 in (2-8 cm) beds of fine-grained gray quartzite near the base of odiform body consistine chiefly of light-sray to clear quartz. white plagsioclase
S ! ! N - - : ; ; e ) L ) : : p y g y ght-gray quartz, plag ;
& e g - 2 gt Dredge tailings (uppermost Holocene) — Coarse, dpmlnantly rounded and Includes lobate rock glaciers along valley sides, and tongue-shaped rock glaciers in the formation. Shale in unit Kb is usually darker and softer than Pierre Shale, is microcline, muscovite books to 6 in wide, and graphic granite. The mapped pegmatite
@'\ - - e " 7 subrounded gravel derived from historic dredglpg operations in th.e early— to mid-1900s cirque basins. Includes both active and inactive rock glaciers. Unit may be prone to commonly wavy bedded and calcareous, and locally contains thin veinlets of gypsum. may occupy the nose of an antiform in the enclosing hornblende-plagioclase gneiss
‘,‘“ : Kn \ i j() along French Gulch (.Parker, 1974). Cobble—sme clasts are dommant.ln most sprface slow, downslope movement and collapse from melting ice. Estimated thickness is 10- Kellogg and others (2002) reported fish scales in some of the shale. Conformably (unit Xh). Mesoproterozoic age is assigned based on lack of foliation and lack of
‘-p ti Shy! exposures. Gravel is loose, un.copsolldated,. and prone to slumplpg. Estlmajted 100 ft (3-30 m). overlies the Dakota Sandstone. Benton Shale was preferentially intruded by Tertiary biotite, both of which characterize the more widespread pegmatitic granite (unit Y Xpg).
thickness is 3-25 ft (1-8 m). Unit is a potential source of high-quality construction igneous bodies in the map area, and it is often strongly deformed by faults and folds. Similar pegmatites elsewhere in central Colorado have been mined for rare-earth
aggregate and decorative stone. GLACIAL DEPOSITS Thus, the actual stratigraphic thickness in the map area is indeterminate. Based on elements, feldspar, mica, and quartz.
. . estimates in adjacent quadrangles (Kellogg and others, 2002; Widmann and others,
hmd Hydraulic mine disturbance (uppermost Holocene) — Areas of disturbed soil, Qti Glacial till, undivided (lower Holocene to Middle Pleistocene) — Heterogeneous 2002 and 2005), unit Kb in the map area is probably 250-360 ft (76-110 m) thick where YXpg Pegmatitic granite (Mesoproterozoic or Paleoproterozoic) — Light pinkish-gray,
- = colluvium, and the uppermost fractured bedrock caused by hydraulic mining for gold deposits of poorly sorted, nonstratified to poorly stratified, unconsolidated to poorly not disturbed by faults, folds, or intrusions. Extremely prone to landslides in the map light-gray, and white irregularly shaped intrusions of variable length and thickness.
— o from the late 1800s to the early 1900s in the northwestern part of the quadrangle. consolidated, mostly matrix-supported cobble, pebble, and boulders in a silty-sand or area due to the abundance of soft, clay-rich, carbonaceous shale beds. Also prone to Commonly limonite-stained to a light orange-brown color on weathered and fractured
. Mine waste (uppermost Holocene) — Waste rock from historic mines and mineral §andy silt matrix deposited by ice in ground, lateral, and end moraines. May locglly swelling soils and heaving bedroc outcrops. Comp(?sed mainly of quartz, plagloclase,. mlcrochne,. and biotite with
>t exploration workings. Typically consists of pebbles and cobbles of hydrothermally include lenses of clast-supported gravel transported by meltwater adjacent to ice. Niob F . 4B Shal divided (U c M q accessory magnetite and hornblende. Locally contains muscovite and red-brown
= ltered and i ed rocks i i of i ed sedi derived fr Weathering of clasts and soil development is highly variable, and local variations may Knb Niobrara Formation and Benton Shale, undivided (Upper Cretaceous) — Mappe garnet. Textures are variable over short distances and include medium- to very-coarse-
: ?hteerv?/eaiﬁerliflon;:glgfsamieS;E:nsg?rss(ffi::trréil? I}I:leii_igsrigsonssfﬂ;gi::l ailr(llvfs rg:; be due to the age difference between Late Pleistocene Pinedale deposits and Middle in strongly structurally deformed areas, areas obscured by surficial deposits, and in grained granite, pegmatite, and aplite. This unit is not as coarse grained as unit Yp, and
to rilline and rgnass wasti%lg %stimate d thickness is 3-30 ft (1-9 m) P Pleistocene Bull Lake deposits. May be a source of low- to medium-quality areas with difficult access where the formations were interpreted visually from a is commonly weakly foliated near contacts and where finer grained. Only larger bodies
& £ & ' construction aggregate and fill. Estimated thickness is 3-100 ft (1-30 m). distance and with satellite imagery. Unit Knb is susceptible to landslides and prone to are mapped separately from the enclosing Paleoproterozoic metamorphic rocks. Often
- ALLUVIAL DEPOSITS swelling soils where bentonitic clay is present. forms small, irregular dikes and veins too small to map separately. In some areas, it
s DIAMICTON DEPOSITS Dakota Sandst w Cret ) Mosil i din th appears to have preferentially intruded along hinges of folds in metamorphic rocks.
. . Kd akota Sandstone (Lower Lretaceous) — Viostly poorly exposed in the map area Dikes and veins occur both concordantly and discordantly to metamorphic foliation in
_4370) Qa Strc'eam-channel, floodplain, and low-tgrrace alluvium (Holocene and Upper Diamicton (lower Pleistocene to upper Tertiary?) — Diamicton is mapped in a due to cover by surficial deposits. Consists chiefly of light- to medium-gray, white, and losi : y Y P
Pleistocene) — Clast-supported, unconsolidated, moderately to well-rounded pebble, g ) . y) ,, PP . . . . . . enclosing gneiss.
43704 . ) ) . single, 1.5-mile-long (2.4 km) deposit of undetermined origin on and south of the light yellowish-brown, fine- to medium-grained, well-sorted, resistant quartzite and
cobble, and locally bouldery gravel in a silty sand matrix. Deposits are locally g vao e s g (& PO . g ‘ l-ind d d Medi hick-bedded and beddi . . . . . .
- : : - S : Continental Divide east of Georgia Pass. The diamicton consists of unsorted, well-indurated quartz sandstone. edium- to thick-bedded and crossbedding 1s YXg Granite or granodiorite (Mesoproterozoic or Paleoproterozoic) — Includes two
@ interbedded with, and commonly overlain by, overbank deposits consisting of sandy silt ; . > : Weathers light to whit di ¢ b dark red wh . . . .
: : . - : nonstratified to poorly stratified, unconsolidated to poorly consolidated, subangular to common. Weathers light gray to white, and 1s rusty orange-brown or dark red where small, poorly exposed intrusions in the northern and northwestern map area. Light
and silty sand. Locally overlain by 1-3 ft (0.3-1 m) of organic-rich sediment, which ) . X . cr . . . . . ) . . . o
. . . subrounded pebbles, cobbles, and boulder gravel in a matrix of silty sand and pebbl stained with limonite or hematite. Locally forms ledges and small cliffs. Thin beds of pinkish-gray, medium- to coarse-grained, equigranular granite or granodiorite. Non-
may include peat. Includes low-terrace alluvium that rests a maximum of 10 ft (3 m) p > atd - g . p Y black shal in th iddl £ the f . Thin bed dl £ . i . > . . .
. . . o . granular sand. The deposit is dominantly matrix supported but may be locally clast ack shale are present in the middle part of the formation. Thin beds and lenses o foliated to weakly foliated. Composed chiefly of quartz, plagioclase, microcline, and
above modern stream levels. Estimated thickness is 3-20 ft (1-6 m). Unit is a potential 1 d he b ) 1 icall d ..
- : - - supported. Most boulders are less than 5 ft (1.5 m) long, though some on the western conglomerate occur at and near the base. Conglomerate clasts are typically compose biotite.
source of high-quality construction aggregate, and may locally contain pockets of X 3 ’ . .
. . . . . . side of the deposit are as long as 12 ft (4 m). Clasts are moderately to strongl of well-rounded granule- to pebble-sized quartz and chert. Quartzite and sandstone
gYXg placer gold. Unit Qa is prone to flooding during sustained, heavy rain events and b £ ; . ; it ons Y beds typically erode into angular to subangular, cobble- to small boulder-size
during periods of snowpack melt. weathered and many are broken, and consist of Proterozoic metamorphic and igneous ypically gular gular, ¢ . : PALEOPROTEROZOIC METAMORPHIC ROCKS
rocks. The deposit forms part of the headwalls of two east- and southeast-facing glacial fragments. The Dakota Sandstone is 174 ft (53 m) thick at Rocky Point, 1.3 mi (2.6
Old terrace alluvium and outwash gravel (Upper to Middle Pleistocene) — Clast- cirques and was exposed and partly eroded by glaciation; the deposit therefore predates km) west of the quadrangle boundary (Lovering, 1934). ~The Dakota rests Xb Biotite gneiss (Paleoproterozoic) — Hard, medium- to dark-gray, fine- to medium-
69- 2 supported, unconsolidated to poorly consolidated, moderately to well-rounded cobble, at least the most recent major Pleistocene glaciations. Estimated maximum thickness is unconformably on the Morrison Formation. It is also commonly in contact with grained, well-foliated gneiss consisting chiefly of quartz (30-50%), plagioclase (20-
pebble, and locally boulder gravel in a silty sand matrix underlying small terraces up to 120 ft (37 m). Eocene intrusions, which preferentially intruded the underlying Morrison Formation 30%), and biotite (10-15%). Microcline, muscovite, hornblende, and sillimanite occur
/. 30 ft above modern stream levels. Clasts are more weathered and soil horizons are ) ) . ) and the overlying Benton Shale. Just west of Georgia Pass, the Dakota Sandstone is as accessory minerals in variable proportions (Kellogg and others, 2002). Mapped only
A more developed than in younger terrace alluvium. Estimated thickness is 3-25 ft (1-8 Q Surficial deposits, undivided (Holocene and Pleistocene) — Shown only on cross only 20 ft (6 m) thick and is in stratigraphic contact with Proterozoic crystalline rocks in a small area near the Boreas Pass Road along the western margin of the quadrangle,
m). Unit is a source of high-quality construction aggregate, and may locally contain section (Lovering, 19-?’4)-. At that location, the Dakptg 1S 1nterp.re.ted to be part of an overturned and as part of a faulted slab within the Williams Range thrust fault zone near Georgia
pockets of placer gold. and steeply dipping fault-bounded slab within the Williams Range thrust fault zone. Pass. In the Front Range, biotite gneiss has been interpreted to be derived from the
BEDROCK GEOLOGY The Dakgta is a potential source of cr}lshed rocl.< aggrega.te, riprap, and decorat.we metamorphism of sandy shale or graywacke (Sheridan and Marsh, 1976). Biotite
Fluvial gravel of the Boreas Mountain paleovalley (lower Pleistocene to Upper stone. It is locally prone to landslides with basal slip planes in shales in the underlying gneiss is a potential source of high-quality crushed rock aggregate and riprap. It is
Tertiary?) — Small, isolated remnants of coarse, fluvial gravel exposed in several TERTIARY INTRUSIVE ROCKS Morrison Formation. prone to landslides on steep slopes in glaciated areas, and where it is cut by faults.
o ] e subtle topographic saddles and shoulders high on the western slopes of Boreas ) ) . R . . . . .
39°27'30 =6839°27'30 Mountain, and in one outcrop in upper Selkirk Gulch that may be down-dropped by T Quartz monzonite porphyry - megacrystic variety (Eocene) — Occurs primarily as Niobrara Formation(?), Benton Shale(?), and Dakota Sandstone, undivided Xbs Blot}te-s1lllman1te gneiss and sch}st (Paleoproteroz.mc) - Medlumj to dark-gray,
68 N faulting.  Deposits partly define a feature herein named the Boreas Mountain Tqpm sills and possible laccoliths of varying thickness. Gray to light bluish-gray quartz (Upper Cretaceous and prer Cltetaceous). — Mapped only in a small area between medmm—gramied,. welil—follat.ed gneiss and lesser schist cons1st1ng ma.1n1y of qua.rtz,
paleovalley, which is aligned N-S to NW-SE along the western and southern sides of monzonite porphyry containing 3-15% prominent, often large phenocrysts (megacrysts) Mount Guyot and Georgia Pass in the Williams Range thrust fault zone. These plagioclase, biotite, sillimanite, and locally, red-brown garnet. Microcline, muscovite,
Boreas Mountain, near the contact between monzonite porphyry and Maroon of orthoclase 0.5-8 cm long, and 3-15% rounded and nearly equant phenocrysts of forma.tions in this area are cgmplexly deformed by both the fault.zone gnd by the tourmalin.e, and cordierite are accessory constituents. Sillimanite occurs as cloudy
Formation. Deposits are dominantly clast supported and consist of moderately to quartz 3-10 mm in diameter. Weathers light brown and orange-brown. The megacrysts intrusion of the Mognt Guyot igneous body: Dakota Sandston.e at this lgcatlon is oqu white to llght—gay rods and bundles or flattened elongate. ppds locayly. up .to about 2 in
strongly weathered, subrounded to well-rounded pebble, cobble, and sparse small are set in a porphyritic matrix with up to 15% phenocrysts of subhedral to anhedral about 20 ft (6 m) thlck apd rests stratigraphically on Proteroz01c crystallmp rocks, with (5 cm) long (Wldmgnn and others, 2002) that paral.lel fqllatlon. .Follatlon is commonly
boulder gravel in a moderately lithified matrix of light greenish-gray, medium- to plagioclase 2-10 mm long and 1-3% biotite phenocrysts 1-3 mm long, and sparse overturned bedding .dlppmg 70-75° .east—northeast. Limestone and shale, interpreted to wavy, apd locally klnk—banded.. The masses of sillimanite are sllghtly more resistant to
coarse-grained, subrounded to subangular sand. Clasts include several types of Tertiary hornblende and magnetite in a gray to bluish-gray aphanitic matrix consisting almost be part of the Niobrara Formation or “upper Benton Shale, is locglly contact weathering thap .the gurroundmg rock gnd form bumpy surfaces in outcrops.. The
and Cretaceous (?) intrusive rocks, Dakota Sandstone, Maroon Formation sandstone entirely of quartz and orthoclase. Minor constituents are apatite, titanite, zircon, metarporphosed to skarn and hornfelis. A mine adit located on the squth—facmg slope of abundange of sillimanite suggests that thlS. rock was derived from the metamorphlsm of
and conglomerate, hornfels, and Proterozoic metamorphic and igneous rocks. Some allanite, and small quantities of secondary calcite, chlorite, and pyrite (Ransome, 1911). th.e cirque basin due w.est of Georgia Pass,. and several prospect plts. northwest of the an alumlna—rlch mudstone or shale (Sheridan and Marsh, 197§). Locally grades into
Tertiary and Cretaceous (?) igneous clasts are derived from distal sources, while others Quartz phenocrysts are often partially resorbed. Megacrysts are variable in size and mine, explored magn.etilte— and sulfide-bearing skarn beds that are oriented subparallel migmatite (not .mappe.d separately) where leucogomes comprise 20% or more of .the
closely resemble Eocene porphyritic intrusive rocks mapped on and adjacent to this abundance, and are not always immediately apparent, but the unit is nonetheless to a strand of the W11.11ams Range thmst, and dip 70—80.O east—northegst (overturned). rock mass. Unit Xbs is moderately hard and re.s1stant unit and. weathers into massive,
quadrangle. Sparse measurements of bedding attitudes in thin, discontinuous sand typically distinguishable from non-megacrystic quartz monzonite porphyry (Tqp) due These overturned sedlmentary. fqrmatlon§ gnd Proterozoic rocks are 1nterpret.ed to be subrounded, bouldery outcrops. It is a potential source of riprap and crushed rock
layers indicate the possibility of 5-10 degrees of post-deposition, down-to-the-east to the darker and finer-grained matrix, and darker brown and orange-brown weathering part of a fault-bounded slab within the Williams Range thrust fault zone. We interpret aggregate.
tilting that potentially is related to late Cenozoic extension or regional differential color of the megacrystic unit. Ransome (1911) described in detail the Tertiary igneous the very steep easterly dips of the formations, as well as the Williams Range thrust fault . . . ) ) ) )
llpllft Estimated present thickness of these eroded remnants is 3-20 ft (1-6 m) Due to rocks of the Breckenridge region’ and called what we map as unit Tgpm “quartz zone, m th.lS area are partly due to the forceful intrusion of the adjacent Mount Guyot Xf Felsic gnt?lssd (Palelgrrzt?rtizgli) _llLtl.glht_th(’lay’ llr%ht-;all'(ll, al:ﬁ Whlte.’ mecdlum— t(()l
limited extent and poor access, unit QTg is not considered a significant source of monzonite porphyry (silicic type)”. Field relations on the adjoining Breckenridge pluton during Eocene time. CEgr;e—gr?1n§ ’ wle.a y 10 1a el N wed o lri ¢ Eua ITO cldspa lllc gn}flss. ompose
construction aggregate. A composite sample of sand and gravel from several locations quadrangle (Wallace and others, 2002) and elsewhere suggest that megacrystic quartz . . . . . ¢ 1ek1y (; lm:c(rlocflile., plagioc ase,t and qua Z;[.t ocat ¥ Oe3sp§ Cl% }7/5w ere.m;a;swet or
was panned to determine if placer gold was present; no gold was found. monzonite crosscuts quartz monzonite porphyry without megacrysts (Tqp). A similar Jm Morrison FOI’H}Z!thIl (Upper Jurassic) — The M.OI‘I‘ISOII Eormatlon is generally weakly O.Ia.e >, cIsIC gneiss .COII ans magne .1 ¢ up 0 ' l.n ( . Cm) n 1ar.ne.er.
mesacrvstic quartz monzonite from the adioinine Frisco quadranale was dated at 4.1 + poorly exposed in the map area due to cover by surficial deposits. Mapped largely on Where foliation is more prominent, f.CISIC gnelss contains thin, discontinuous, biotite-
LACUSTRINE DEPOSITS 1 6gM;y b t}?e K-Ar method (Marvin angl othe%s 1989;] Unith m is otentiali a the basis of float. ~Consists chiefly of non-micaceous, non-fissile claystone and rich layers and has little or no magnetite (Widmann and others, 2002). S.m all amounts
s<.)urce of};ne dium- to hieh-quality crushed-rock a’ e at.e' howevgf in mgn lace}s] it mudstone, with lesser siltstone, sandstone, limestone, and shale. Claystone, mudstone, of hornblende ?ﬂd garnet may be present locally. Cgmmonly contains layers (?f
Lacustrine deposits (Holocene to Middle? Pleistocene) — Unconsolidated silt, sand, s altered and oo soft forgma(l]ny ap};)lications geregates ’ yP and shale are variably colored, locally calcareous, and are thin- to thick-bedded. Colors hornblende-plagioclase gneiss (unit Xh) that are too thin to map separately. Felsic
clay, pebbles, and organic material deposited in small lakes and ponds in some ' include various shades of gray, olive-green, bluish-green, dark red, and purplish-brown. gneiss 1s a pot.entlal source of hlg.h—quahty riprap and crushed rock aggregate. It is
glaciated valleys and cirque basins. The deposit in Lincoln Park in the northwestern T Quartz monzonite porphyry (Eocene) — Occurs mainly as sills and possible May be orange and yellow-brown due to limonite stain, especially near intrusive prone to landslides on steep slopes in glaciated areas.
part of the quadrangle was formed due to damming of the south-flowing Rich Gulch ap laccoliths intruded into sedimentary rocks, and to a lesser extent as dikes, especially contacts and faults where affected by contact metamorphism or hydrothermal . . .
drainage by till and ice from the French Gulch glacier during the Pleistocene. where intruded into Proterozoic rocks. Light gray to very light gray on freshly exposed alteration. A 10-20 ft (3-6 m) thick zone containing one or more resistant beds or Xfh Interlayered felsic and hornblende gneiss (Paleoproterozoic) — Interlayereq dark-
Estimated thickness is generally 3-10 ft (1-3 m), but possibly as thick as 20 ft (6 m) in surfaces, light yellowish-gray, tan, and light yellowish-brown on weathered surfaces, lenses of micritic limestone generally 1-4 ft (0.3-1.2 m) thick (rarely up to 10 ft (3 m) gray and light-gray, well-foliated felsic gneiss (unit Xf) and homblende-plagioclase
Lincoln Park. porphyritic to nearly equigranular, fine- to medium-grained quartz monzonite and thick) is characteristic of the lower part of the formation. This zone is 15-50 ft (5-15 m) gneiss and amphibolite (unit Xh) in roughly equal proportlons.. A!SO mapped vyhere
. granodiorite. Unit Tqp is composed primarily of plagioclase, orthoclase, quartz, biotite, above the contact with the Entrada Sandstone (unit Je). ~ Limestone beds are surficial cover and lack of field data have made separately delineating the constituent
\ b4 MASS-WASTING DEPOSITS sparse hornblende, and magnetite. Plagioclase phenocrysts (1-5 mm) comprise 20-30% interbedded with calcareous shale or mudstone. Limestone is typically medium to dark units problematic. Individual layers range from a few inches to tens of feet thick.
3 Lr ich{‘g of the rock, and rounded, equant quartz phenocrysts (1-3 mm) comprise 5-10%. gray or dqu brownish to purplish-gray on fres}.l surfaces, and weajchers llghj[ gray and Locally contains sparse layers and lenses of calc-silicate rock (Ruleman and others,
l esetooir i Qc Colluvium deposits (Holocene and Upper Pleistocene) — Poorly sorted, dominantly Euhedral biotite (0.5-2 mm) forms 3-10% of the rock and is much more abundant than light grayish-brown. The lower part of the middle of the formation contains one or 2011).. Loce:)lly may grade into migmatite (not mapped separately) where leucosomes
“ matrix-supported, unconsolidated, nonstratified to coarsely stratified silt, sand, clay, hornblende. The matrix consists mainly of anhedral orthoclase and quartz. Minor more light yellow to white, medium-grained, crossbedded, silty sandstone beds up to 15 comprise 20% or more of the rock mass. Unit Xfh is a potential source of high-quality
! and rock fragments on mainly moderate slopes and along the margins of valleys. Clasts constituents include titanite, apatite, and secondary chlorite and epidote (Ransome, ft (5 m) thick (Lovering, 1934; Kellogg and others, 2002). Thin beds of fine-grained, crushed rock aggregate and riprap. It is prone to landslides on steep slopes in glaciated
are angular to subangular and range in size from pebbles to boulders. Material 1911). A few small xenoliths of Proterozoic gneiss were found within a large mass of quartz-rich sandstone are interbedded with mudstone and claystone near the top of the areas.
mobilized, transported, and deposited primarily by gravity, but commonly assisted by unit Tgp southeast of Bald Mountain, nowhere near Proterozoic outcrops. Cross- formation. Tertiary intrusives have preferentially intruded the Morrison along upper . . - . .
sheetwash and freeze-thaw processes. In places, unit Q¢ may include old landslide cutting field relationships indicate that unit Tqp is younger than monzonite and diorite and lower contacts, and also within the formation. At some places, such as on Bald Xh Hornblende-plagioclase gneiss and amphibolite (Paleoproterozoic) — Me.dl}lm— to
30 g deposits that have been extensively modified by erosion. Estimated thickness is 3-25 ft porphyry (unit Tmp). Ransome (1911) called what we map as unit Tqp “quartz Mountain, thick sills have separated the Morrison Formation into three parts. dark-gray, black, and dark-green, fine- to medium-grained gneiss consisting of
(1-8 m). May be a source of low-quality construction aggregate and fill material. Unit monzonite porphyry (intermediate type)” for samples collected on Mount Guyot. Argillaceous rocks are locally contact-metamorphosed to hornfels near intrusives, and hornblende and plagloclas.e with lesser quartz, b1ot1t§, and pyroxene. Garnet is 10031.1}’
is locally subject to future slope movements and rockfall events. Geochemical analysis of a sample from the adjoining Como quadrangle (Widmann and limestone beds are locally altered to calc-silicate skarn minerals including garnet, present as an accessory .mmer.al- Local green coloration due to t.he presence of CthI.'lte
. . others, 2005) indicates that unit Tqp is locally granodioritic in composition. Biotite in epidote, and magnetite (Lovering, 1934). The total thickness in the map area was not aqd/or ep1.do.te as alteration minerals. Weakly to mo@erately foliated. May be massive
Talus f:lepos1ts (Holocgne anq U.ppe.r Pleistocene) — Angular and subangular, non- sample JK961, from an outcrop of unit Tqp north of Mount Guyot near the Swan River, determined due to poor exposure, intrusion of igneous masses, and structural with a Fhstmct .salt—and—pepper appearance, or falptly layered due tp the uneven
consolidated rock debris ranging in size from cobbles to boulders as large as 8 ft (2.4 yielded an “°Ar/® Ar plateau age of 45.27 £ 0.12 Ma. Unit Tqm is potentially a source complexity. Based on contact relations, and on measurements in nearby quadrangles, segregatlon 0.f light and dark rpmerals. Amphibolite occurs as massive to weakly
m), deposited on and at the base of steep slopes. Talus is derived from cliffs primarily . . . . . o he thick f the Morri i i d fi 180-300 ft (55-91 It i foliated, medium- to coarse-grained layers and lenses, usually less than 2 ft (0.6 m)
. ) . of medium- to high-quality crushed-rock aggregate; however, in many places it is the thickness of the Morrison 1s estimated to range from t( m). It is ) o | ; .
by rockfalls, rockslides, and snow avalanches. Includes both active talus deposits and S ’ ’ landslid d 1 i b 1 thick, containing 50-90% hornblende. Unit Xh commonly includes layers of felsic
altered and too soft for many applications. prone to landslides, and some claystone units may be prone to swelling. ! ¢ ! ) i !
older, stabilized talus with vegetation. Estimated thickness is 3-75 ft (1-23 m). Areas gneiss (unit Xf) that are too thin to map separately. Locally grades into migmatite (not
. o of scree (rock rubble) are also common in the map area on steep slopes that are not Monzonite and diorite porphyry (Eocene) — Occurs mainly as sills and possible Entrada Sandstone (Middle Jurassic) — Light-gray to pale yellowish-gray, well- mapped separately) where leucosomes comprise 20% or more of the rock mass.
3925 — — 39725 subjacent to cliffs or steep outcrops from which rocks could fall. These deposits were Tmp laccoliths intruded into sedimentary rocks, and to a lesser extent, as dikes, especially sorted, fine- to medium-grained, crossbedded, massive-weathering, calcite- and Lovering (1935) suggested that hornblende-plagioclase gneiss is derived from the
= not usually mapped as Qt because they are typically less than 5 ft (1.5 m) thick and are where intruded into Proterozoic rocks. ’Bald Mountain and éoreas M:)untain are dolomite-cemented, non-micaceous, quartzose sandstone. Sand grains are subrounded metamorphism of igneous rock intermediate between gabbro and diorite in
5% the product of frost-wedging of bedrock rather than mass wasting and are properly mostly composed of unit Tmp, which is medium to dark gray and greenish-gray on or rounded and are frosted, indicating eolian deposition. Commonly ledge-forming, composition. Unit Xh is a potential source of high-quality crushed rock aggregate and
g N referred to as block slopes or felsenmeer. Unit is subject to future rockfall events and fresh surfaces, light to mediun; brown, tan, and brownish-gray on weathered surfaces. being more resistant than overlying Morrison and underlying Maroon formations. riprap. It is prone to landslides on steep slopes in glaciated areas.
Y / < may be prone to localized debris flows. The porphyrit’ic nature of Tmp is us&ally’ inconspicuous due to the small size and Outcrops are often brown due to manganese oxide staining. Small brown spots are
631 0 ) ) ) . abundance of phenocrysts. Phenocrysts are 5-10 % plagioclase 1-5 mm long, 3-7 % common in 'Fhis sandstone and they probably result from weathering of iron- apd/or Xqg Quartzite (Paleopr(.)terozoi.c) — Includes.two small .outcrops of medium- to dark-
A ) Qls Landslide deposits (Holocene and Upper Pleistocene) — Non-sorted, nonstratified, narrow hornblende laths 2-12 mm long, and 2-5 % biotite 1-3 mm across. The slender manganese-rich carbonate cement (Wallace and others, 2002). Narrow, sometimes gray, fine- to medium-grained, recrystallized quartzite found in the eastern and
% et e heterogeneous mixtures of surficial deposits and fragmented bedrock in a wide range of hornblende phenocrysts are the most pr’ominent and distinguishing feature of unit Tmp. regularly spaced carbonate and/or quartz veinlets are common. Beds with a distinctive northeastern map area. Occurs as thin, discontinuous layers and lenses within
= AR clast sizes. The matrix and the lithologies and sizes of rock fragments in landslides vary Quartz phenocrysts are absent or extremely sparse. Phenocrysts are set in a fine- nodular weathering pattern are present locally, with nodules being 0.25-1 in (6-25 mm) Paleoproterozoic gneiss. Very hard, dense, and resistant to erosion. Faint foliation,
' according to the type of parent material involved. May contain intact blocks of bedrock grained, nearly aphanitic, holocrystalline matrix dominated by plagioclase, orthoclase in diameter. The Entrada is softer, less fractured, more homogeneous, and it tends to defined by thin biotite-bearing bands, may reflect relict bedding. Protoliths may be
\% ~ more than 50 ft (15 m) long. All areas underlain by Benton Shale (Kb) and Niobrara and qu;lrtz but also inéluding biotite, augite, hypersthene hornblende. magnetite’ erode into larger and less angular blocks than most Dakota Sandstone. Contacts are quartzose sandstone, quartz veins, or both. Unit Xq is a potential source of high-quality
i ¢ Fm (Kn) are very susceptible to landsliding. Steep to moderate slopes underlain by the apatite allanite. and zircon. Ransome 61911) referred to our unit Tmp as “monzonite usually obscured due to surficial cover. The Entrada is regionally highly variable in crushed rock aggregate and riprap, but the quantity of material available on this
Qi Morrison Formation (Jm), Pierre Shale (Kp), and Maroon Formation (PPm) are also porphy’ry (calci’c type)” and found that it ranges in composition from monzonite to thickness. Thickness estimates are complicated by igneous intrusions. We estimate quadrangle is small.
= susceptible to landslides. Fault zones in steep terrain in any bedrock are susceptible to diori . . . thickness varies from 20-180 ft (6-55 m). We assign this sandstone unit to the Entrada
. ; . . . . te. Th h h freshly brok f: due to alterat f g . . . . .
landslides. In places above timberline, landslides may include material that was rorte ¢ greenush ue common on Ireshly broken surtaces 1s duc to afteration o Sandstone. as did Kellose and others (2002) on the Frisco quadranele. Similar VR Metamorphic and igneous rocks, undifferentiated (Mesoproterozoic and
% R . . biotite and hornblende, which produces chlorite, epidote, and calcite. Clots and ’ gg (2002) q gle. Pal ¢ . Sh | i
627 affected by solifluction and frost creep. Unit Qls may include areas of exposed bedrock ellipsoid blebs of non-resistant, biotite-rich material 1-5 cm long locally make up 1-3 % sandstone found south and southeast of the quadrangle was named the Permian Garo aleoproterozoic) — Shown only on cross section.
s on basal slip planes and in headscarps. Estimated thickness ranges from 3-200 ft (1-60 of the rock mass. and form pgck—marke d surfaces on some weathered outcrops. The Sandstone by De Voto (1965), nomenclature that was used by Widmann and others
m). origin of these clots is not known. Hornblende in sample NK012, from an outcrop of SO(;S) ar:ldsliirkh;n(llagrgz)otheﬁs (%OO?'){“ fi)llé}?ssligrllsment :0 thg Entr;ldi‘his ]siu;;podrted by MAP SYMBOL.S
- —F T . . . . Lo i unit Tmp near the summit of Boreas Mountain, yielded an **Ar/*’ Ar weighted mean age oole and stewa » Who 1dentine inle Formation beneath the bntrada on a
_____ “Qlso, Oold landslilde deposits (Upper to Middle Plelstocene) —.Slmllar in composition and of 47.8 4p:|: 0.18 Ma. Tmp is potentiallv a sourZe of medium- to hich- gu ality crushe%i— hill about % mile (0.8 km) southwest of Boreas Pass. '
sl form to unit Qls, but more subdued by erosion. Geomorphic features that are common K ’ e h ’ P ISP yl i is altered and gh-q P Contact — Approximately located
in more recent landslides, such as lobate topography and exposed headscarps, are often rock aggregate; however, In many places It 1s altered and too soft for many Kidme Dakota Sandstone, Morrison Formation, and Entrada Sandstone, undivided .
unrecognizable. Old landslides are also more dissected by erosional gullies than are applications. (Lower Cretaceous, Upper Jurassic, and Middle Jurassic) — Mapped in structurally _u Fault — Dashed where approximately located, dotted where concealed; U = upthrown
recent landslides. Some areas mapped as colluvium (Qc) may be partly composed of MESOZOIC AND PALEOZOIC SEDIMENTARY ROCKS complex areas and in areas obscured by surficial deposits. D side, D = downthrown side; tick mark shows dip of fault plane
older landslide debris. Estimated thickness ranges from 3-150 ft (1-45 m). 5 Chinle F tion (U Triassic) M d onl hill about % mile (0.8 k)
. o c Infe Formation (Upper lriassic) — IMapped only on a hill about 72 mile (. Thrust fault — Dashed where approximately location, dotted where concealed;
61 ¢ [l Kp Pierre Shale (Upper Cretaceous) — Generally very poorly exposed because it is southwest of Boreas Pass as a thin unit between the Entrada Sandstone and Maroon —a— sawteeth on upper plate PP Y
ALLUVIAL AND MASS-WASTING DEPOSITS easily eroded and usually concealed by surficial debris. Dominantly medium to very Formation. Elsewhere in the map area it is either not present, is not exposed due to pper p
dark gray and dark brownish-gray, moderately fissile shale with thin interbeds of surficial c.over or is not distineui ’ : : . . . . .
. . - . . . ) ) ) guishable from the Maroon Formation. The Chinle Syncline — Identity and existence certain, dashed where approximately located
Qac Alluvium and colluvium, undivided (Holocene and Upper Pleistocene) — grayish-brown, fine-grained calcareous silty sandstone and shaly siltstone. Basal part - - : : et —*— ’ ’
Unconsolidated gravel, sand, and silt in debris fans, stream channels, floodplains, and of the unit is calcareous. Most of the exposures in the map area correlate with the Fborgllatlon n(;at})/ Ze difficult to r%f]c})lgmz.eddute.f'fo ;lt?}? loglllc.ai s1m11a.r 1;uesfw1th the- Maroon dotted where concealed
> lower reaches of adjacent hillslopes. Consists of poorly to moderately sorted, thick, shale-dominant lower part of the formation as described on the adjoining Frisco (both are red- ¢ sequences). cre 1Gentec, e LAMe consisT of flon-micaceous, : : Iv1 h inf fl
/ interbedded alluvium and unsorted, matrix-supported, pebbly, cobbly, and locally Keysicone and Como quadrangles (Kellogg and others, 2002; Widmann and others’ calcareous, thin-bedded, fine-grained, moderately cemented silty sandstone and ~  _____ > dBpregs M(S)untéunlpa!e(g?llley E) f&pp;()));lmate%l ocgted, arrow shows inferred flow
i e tor y o ; ’ . : ’ . ’ siltstone with a platy weathering habit. Some sandstone has distinctive, semi-bright irection. See Geologic History (Plate 2) for explanation.
b{) uldery HC olluﬂv rum. I?cluc}iles strelam ihanp;l, tlow ;cierraceil and floo (liplazln deposn(si 2002 and 2005). However, in the north-central part of the map area adjacent to the reddish-orange to grayish-orange color. Locally mottled red and gray. The orange
X along vafley Hoors of cphemeral, niermitient, and small perenhial sireams, an Wllllams Range thrust, between the no.rthern quadrangle .bounde}ry and Mount Guyot, color and lack of visible mica helps distinguish the Chinle from the generally dark-red % Strike and dip of inclined bedding — Showing direction and angle of dip
-4360 cgllut:;un}ll (;lepogi[ts I(UII IO;V er slopes ??Jace?t to (‘;he dramle.ltges. I:/Iayt.also 1nclu(:e light- to medium-brown and brownish-gray, fine-grained silty sandstone, shaly and reddish-brown micaceous rocks that typify the Maroon, and from the light-gray, . . o . o '
1360+ sheetwash deposits. May be a source ol low- 1o medium-quality construction aggregate siltstone, and shale of the middle part of the unit are present. These sandy units are massive sandstone of the Entrada. Poole and Stewart (1964) measured a 150 ft (46 m) _u® Estimated strike and dip of inclined bedding — Showing direction and angle of dip
and fill material. Estimated thickness is 3-25 ft (1-8 m). thinly bedded, flaggy to blocky weathering, and well indurated.  Contact ion of Chinl : the hill about % mil K h £
R metamorphism, particularly in the area around Mount Guyot, produced extremely hard section of Chinle Formation on the hill about 72 mile ©8 .m) southwest of Boreas 2 Strike and dip of overturned bedding — Showing direction and angle of dip
) Laf Debris-fan deposits (Holocene and Upper Pleistocene) — Poorly —sorted, and compact ’dark—gray to black hornfels that weathers ’dark reddish-brown and Pass. We only identified 10-20 fl (3-6 m) of orange- to pink-hued, non-micaceous
unconsolidated, clast- and matrix-supported, sandy to silty gravel in fan-shaped, lobate, ) . . sandstone and siltstone. The Chinle unconformably overlies the Maroon on the 8 Strike and dip of fract d ioints — Showine directi d anele of di
- and nearly linear deposits within and at the mouths of steep drainages. Clasts are prodllcesl angulilri cobble—sze(;l talui w1:c;1 ts}}arf iflges.h.Hc:}rlpfle(lsed Ple:}rle Shale forms adjacent Frisco quadrangle (Kellogg and others, 2002), and is about 200 ft (61 m) thick — riie and Cip o7 Tractires and Joinis owing direction and angle o b
. spectacular protalus rampart deposits. Total stratigraphic thickness in the map area is . . . . . .
~ usually angular to subangular and range from pebbles to large boulders, depending on irlljdetermina‘?e due to ccl))mplexpfaulting numerougs fgneous intrusions. and psurﬁcial at Dillon Dam. The Chinle Formgtlon was not identified on gdjacent quadrangles south T Attitude of metamorphic foliation — Showing direction and angle of dip
SRR source area bedrock. Boulders the size of small houses are present in fans derived from : o ’ ) > and southwest of Boreas Pass (Widmann and others, 2005; Kirkham and others, 2006).
S : . L . cover. Based on estimates in adjacent quadrangles, thickness is likely to be 1000 to NK012
~ SV A NI erosion of Proterozoic biotite-sillimanite gneiss (Xbs) on the very steep slopes north of 2000 ft (244- 610 Hiohl landslides in th h . . . . ot N ical date locati Showi | b d imat
o X }\ Y ) = the Middle Fork of the Swan River near the northwestern quadrangle boundary. Unit over : ft:[ ( A _b m). Highly pron}f. to anP51 es in t elrlr}ap arqell, excdep}tlw ere PPm Maroon Formation (Lower Permian to Upper Pennsylvanian) — Chiefly red, " 0isMa umerical age date locaflon — Showing sampie number and approximate age
: e § Qf is primarily deposited by debris flows and runoff from intense rain events and rapid Ztr(cl)ngl}(l ah ecteb ty S[gntellct m etamortp ism. Prone to swelling sotls and heaving reddish-gray, reddish-brown, and orange-gray, fine-grained micaceous sandstone; thinly
c g el @ snowmelt. processes that are ongoine and potentially hazardous to human-made edrock where bentonitic clay 1s present. laminated and commonly calcareous siltstone and mudstone; light-gray to pinkish-gray, , . .
59+ a Thee T Tele N O > P gomng p y bble- o cobbl | te- and a fow di i beds of lieht to reddish A' Alignment of cross section
> L T L‘f structures. Locally includes significant debris deposited by snow avalanches. May be K Niobrara Formation (Upper Cretaceous) — Poorly exposed in the map area. pebble- to cobble-conglomerate; and a few discontinuous beds ol light-gray to reddish-
39°22'30" — ; - —_ e e T 0 39°22'30" a source of construction a : : : : n . . gray limestone generally less than 1 ft (0.3 m) thick. Sandstone beds are arkosic,
ggregate and fill material. Estimated thickness is 3-80 ft (1- Includes the upper Smoky Hill Shale Member and the lower Fort Hays Limestone ; . . .
14 15 16 19 23 494000m £ 25 m) Memb t d tel The Smoky Hill Shale Memb sts of licht t micaceous, locally conglomeratic, and are tabular and trough cross-stratified (Widmann
106°0' 105°57'30" 105°52'30" ’ ember (not mapped separately). The Smoky Hill Shale Member consists of light to and others, 2004, 2005). Siltstone and mudstone beds are highly micaceous, and are
. . o ) ) - medium gray, platy- to chippy-weathering, calcareous shale and shaly limestone. It darker i ’ ) ’h h. ned q bed . 2 v of
Coordinate System: NAD 1983 UTM Zone 13N U.S. National Grid SCALE 1:24,000 Geology mapped in 2016 Old fan deposits (Pleistocene) — Similar to unit Qf but dissected by post-depositional weathers to a characteristic light yellowish-gray to very light-gray color. The Smoky arker in color than the coarse-grained strata. Sandstone beds consist primarily o
Projection: Transverse Mercator 100,000-m Sauare 1> . 05 0 CILOMETERS . 5 Fisco | eystone [Hontezuma GIS and cartography by Pangaea Geospatial erosion, and may be partly covered by younger alluvial, colluvial, or glacial deposits. Hills Shale Member is estimated to be 300-450 ft (91-137 m) thick where better grains of quartz, feldspar, biotite altered to hematite, and muscovite. Much of the
atum: North American . : . May be a source of construction aggregate and fill material. May be subject to future exposed in adjoining areas. The Fort Hays Limestone Member is gray to light gray, sﬂtstone is arkosic. Shale beds are rare. Most of the non-resistant beds are clayey
This map is not a legal document. Boundaries may be o 1000 200 0 METERS 1000 2000 COTORADO debris-flow events. Estimated thickness 3-80 ft (1-25 m). blocky, relatively resistant, micritic limestone beds a few inches to a few feet thick, siltstone and fine- and very fine-grained argillaceous sandgtone (Wallace and others,
generalized for this map scale. Private lands within government breckenridge| D93 | efferson with interbeds of less resistant calcarcous shale that weathers light yellowish-gray. 2002). Some calcareous siltstone and mudstone beds contain abundant nodules and/or
reservations may not be shown. Obtain permission before ST Do 1 0.5 0 1 PERIGLACIAL DEPOSITS Kellogg and others (2002) reported inoceramid bivalves in the Fort Hays Member in pebbles of gray to reddish-gray limestone. Conglomerate contains well-rounded to
entering private lands. ﬂ1—35|_f MILES QUADRANGLE LOCATION £8 . p . . Y subangular pebble-size clasts in a matrix of arkosic sand. Locally, cobble-size clasts
Initial styling of this Map D t ided by the US A Como milligan AR Protal t d its (Hol d U Pleist ) Unsorted the adjacent Frisco quadrangle. The Fort Hays Limestone Member is 20-33 ft (6-10 m) are common. Clast lithologies include Proterozoic igneous and n’netamorphic rocks
D oaical ey The e P et " Lakes = Qpr: | rotalus rampart ceposits (Holocene and Lpper tlelstocene) —— Lnsorted, thick where better exposed on adjacent quadrangles. It conformably overlies the ) : : o ’
SQCZLOegr'ZﬂnSeULVfﬁ&T stecﬁ—]s?; bc;) rt]:]:nlthlgsth 1o document are % 2 190 2000 3000 4000 2000 6000 7000 8000 9000 10000 s S nonstratified, unconsolidatedf angular, cobble- to boulder-size rock debris (t.alus). that Benton Shale. The Niobrara Formation, along with the underlying Benton Shale, was quartz1te., vein quartz, 11m.e stone, sapdstone, and chert. Near 1ntruswe.contacts, the
FEET form slope-parallel, arcuate ridges at the downslope edge of areas that have historically Maroon is often bleached light gray, light brown, or yellowish-brown. Thickness of the
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been the sites of long-lasting snow or ice fields. Rock debris is derived from cliffs or
very steep, rocky slopes directly above the snow or ice fields. Estimated thickness is 3-

preferentially intruded by numerous Tertiary igneous bodies in the map area, and it is
often deformed by faults and folds. Thus, the actual stratigraphic thickness in the map
area is indeterminate. Unit Kn is extremely prone to landslides in the map area, which

Maroon within the quadrangle is highly variable. In the southern map area, the base of
unit is not exposed; however, the exposed section is estimated to be over 3000 ft (914

NAMES....ooeiiiiiiiiiii GNIS, 2016 . . ) o . . 50 ft (1-15 m). fen initiate al lip ol 1 the underlvine Benton Shal m) thick. True thickness is indeterminate due to Tertiary intrusions and structural
HYAIOGIPY. ..o oo mﬂsgél ;'Oyudrrczgsr'aspehgrgztzsdzt{azf?lg (9722016 This mapping project was funded jointly by the Colorado Geological Survey and the U.S. Geological Survey olten inthiate along shp planes i the underlying Benton shale. complexity. In the southern part of the Breckenridge quadrangle, the total thickness is
Public Land Survey System.................... BLM, 2011 ’ ’ through the National Cooperative Geologic Mapping Program under STATEMAP agreement G16AC00189. Qs Solifluction deposits (Holocene and Upper Pleistocene) — Unconsolidated, estimated to be over 3900 ft (1189 m) where it was deposited on older Paleozoic strata
Wetlands.........oooveviiiiiiiiininiinnn. FWS National Wetlands Inventory, 1977-2014
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nonstratified, angular to subrounded pebbles, cobbles, and boulders in a sandy and silty
matrix on gentle to moderate slopes mainly above treeline. Locally contains areas of
cobble- to boulder-size clasts free of matrix material (small blockfields, or felsenmeer).
Deposition is the result of slow, down-slope flowage of water-saturated surficial
deposits by frost creep and melt-water transport. Unit is characterized by slightly
hummocky and lobate ground patterns. Estimated thickness 3-15 ft (1-5 m). May be
subject to future rockfall events.

(Wallace and others, 2002). In the northwestern map area, the Maroon rests
nonconformably on Proterozoic gneiss and is estimated to be less than 600 ft (183 m)
thick. In the northeastern map area, it may have been removed by erosion prior to
deposition of the Dakota Sandstone. The Maroon Formation is prone to landslides due
to the abundance of mudstones and siltstones.
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