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' MAP C-100
MEASURED COAL SECTIONS 40° %2,7045, | 2670%mE, g ] 42'30" 27| (MONUMENT BUTTE) 212 213 40" A6 m1. TO COLO. 13 AND| 789 1 000 276 107°37°30"
GENERALIZED COLUMNAR SECTION : - - A = — - - . = ’ ' / 40713 CORRELATION OF MAP UNITS - :
. ~: : DAKOTA SANDSTONE (LOWER CRETACEOUS)—Cross-stratified, fine- to
Vi 4 = coarse-grained,yellowish-gray sandstone, conglomeratic sandstone, and some
T.3 Nj 92 W. T.2N., R 92 W. T.3N., R 92W. [ N . - / \ 340 000 Holocene greenish-gray shale and carbonaceous shale. Some bright green basal
s o 5 & v = \ 2 @0 FORMATION, g el /A . L gi EET Holocene conglomerate. Thickness from 25 to 45 m
Secs. Secs. 16,17, 7 & s 0LOGY ZONES v and Pleistocene Jmc | MORRISON AND CURTIS FORMATIONS, UNDIVIDED (UPPER AND MIDDLE
20 and 21 20 and 21 & ® AND GROUP JURASSIC)—Units are combined because Curtis is too thin to represent at map
@ @ o Kt % Py 4458 scale. Upper two-thirds of Morrison Formation is interbedded gray, green, and
( P E e ¢ B . at, » QUATERNARY reddish-gray mudstone; massive, medium-gray limestone; and thinly laminated,
z (8238 Surficial deposits Qp Qt ot Pleistocene fine-grained, greenish-yellow sandstone; probably correlative with Brushy Basin
5 o % ® % (Not to scate) ——— ? r Member. Lower one-third of Morrison consists of well-sorted, light-gray,
‘E: c |<—( + &’ Qt, calcareous sandstone and interbedded, green and reddish-gray, calcareous
g = TLS_' UNCONFORMITY e o ot mudstone; probably correlative with Salt Wash Member. Thickness of Morrison
= 5 5 ) ) Formation variable, but averages about 135 m. Curtis Formation consists of
52 : UNCONFORMITY gray, fossiliferous, glauconitic calcarenite; gray to green, glauconitic shale; and
;‘Z" e EEEINTE R h well-sorted, fine- to medium-grained, bluish-white, calcareous, glauconitic sand-
c 2 J stone; about 9 m thick
N ¢ Mesaverde Group ENTRADA AND GLEN CANYON SANDSTONES, UNDIVIDED (JURASSIC AND
2 E 57 TRIASSIC) —Sandstones are combined because they are difficult to distinguish
Sec. 7 g g s in the field in absence of Carmel Formation that elsewhere separates them.
(Ninemile Gap Quad.) & EXPLANATION 7 Upper part consists of large-scale crossbedded, well-sorted, very fine grained
D-1 20 =S 457 o/ > Upper Cretaceous to fine-grained, very pale orange sandstone about 65 m thick. Chert granule
(core hole) = . 2.5 Coal —Thickness Williams Fork ~ [Em=== e layer about 25 m below the top, seen in one exposure, may mark vestigial edge
" in meters - ] / > CRETACEOUS of Carmel Formation. Lower part is massive, well-sorted, fine-grained,
% Catbonacasis shale QrmAREn > Upper coal group moderate-reddish-orange sandstone about 8 m thick. Grades downward into
X with coal stringers massive crossbedded, well-sorted, fine-grained, moderate-orange-pink sand-
—— stone about 12 m thick. Total thickness about 90 m
N % Carbonaceous = : CHINLE FORMATION (TRIASSIC)—Reddish-brown, orange-red and purple,
?3' shale ORI ' = e - g be o e . . . - . . Lswer Cretacesi c_alcareous siltstone and minor interbedded, purplish—red.and gray silty limestone,
55 Mudstone andfor) SR ‘ , “ . - ' , ‘ o ‘ . : . - . 5 limestone-pebble conglomerate, and basai conglomeratic sandstone. About 165
= shale = m thick in wells; only upper 85 m exposed in quadrangle
2 g J o Upper and
% N Sast;dnsc;cstr:)enor shaly ——— 56 Middle Jurass'lc .
= E ¢ a Sandstone Member Lower Jurassic and
£ 2 P = b g Upper Triassic
5 o Sec. 7 5| Baked strata o Y T Yy Y Upper part of
|5 < :
E é METERUS N EEET © = middle coal group Upper Triassic TRIASSIC
= b3 Marine bivalves o
g ° 155
> NN Interval omitted — > )
Sec. 29 & Thickness in meters 30 =
L 10 - ®
L | - L ‘
interval
D Covered - 60 Sandstone Momber DESCRIPTION OF MAP UNITS 12
nY interval 20 - Blagk Riamared zons Qal ALLUVIUM AND LOW TERRACE DEPOSITS, UNDIVIDED (HOLOCENE)— — Y COAL BED—Short dashed where inferred; dotted where concealed. Thickness of
i a;::’:z; ‘;‘::" gt’f“agso) Interbedded well- to moderately-sorted clay, silt, sand, and granule to cobble coal, in meters, measured at triangle
>74 a4 ‘ gravel along present stream channels. Includes terraces as much as 3 m above | ; | LOCATION OF MEASURED COAL SECTION—Circled number refers to coal
> ) ’ ; z . » - . .- = : - : < ] 2 = ‘ . ra g ) : — , . - - . = present stream levels. Gravel composition varies depending on stream source, .
Cav) 127536 ‘ A . . , Z ; y ‘ . . - ‘ . (o300 ; : . . section
v /i . ‘ : . = ' . . / 4" l - . , . , . . and includes clasts of basalt, igneous rocks derived from Browns Park Formation ) W
q 2/ ! ' ' ' ' / : ' . ' ‘ ‘ . L conglomerates, and sandstones and siltstones of the Frontier Sandstone Member A CONTAC.:T———Dashed e mfer.red; dot?ed where concealed. Hachures indicate
i N of the Mancos Shale and the lles and Williams Fork Formations. Thickness up relatively recent movement in landslide areas
S b i v 4454 to 20 m __ FAULT—Dashed where inferred; dotted where concealed. Bar and ball indicates
7l ::c? 8 A lles Formation ALLUVIAL FAN DEPOSITS (HOLOCENE AND PLEISTOCENE)—Poorly sorted, € & downthrown side; number shows approximate vertical displa?ement in meters;
A" clay- to boulder-sized sediments in fan-shaped deposits where tributary drainages arrows show relative lateral movement. R indicates upthrown side of reverse fault
Composite 0.7 N ,v} with steep gradients join lower-gradient streams. Lithology is dependent on FOLDS—Showing approximate position of axis on .structure-contour horizor_l;
.7 wlpartings e o local source. Thickness up to 15 m arrow and number indicate direction and approximate amount of plunge in
>: r: 5 TALUS DEPOSITS (HOLOCENE AND PLEISTOCENE) —Unsorted angular rock degrees
0.9 w/partings va*r o fragments of Iles Formation and Williams Fork Formation. Occur in steep fan- _3_,5 Anticline
:A:v o Lower part of / ' 8 Be 7 = ) , - . ‘ w % £ ) : PRI R : ( = T shaped forms at the base of cliffs flanking Thornburgh Mountain . )
. L o SR lower coal group L 1 J0 N : ' ol | - . N y PN - . e L a4 2 avtar g 3yd W pds 3 - Qis: | LANDSLIDE DEPOSITS (HOLOCENE AND PLEISTOCENE) —Heterogeneous —-*'—' Syncline
BB g o © {Hapcock and Eby, 1930 - " i ‘ - ‘ - i - - ' ' | PR g v i . mixtures of angular rock fragments, and clay, silt, and sand. May include some /9 STRIKE AND DIP OF BEDS
o > - " s g —t—
o c vl - colluvium. Landslides occur primarily in the lower Mancos Shale (especially
52 = e 4453 below the Frontier Sandstone Member), within the Dakota Sandstone, and 5% HORIZONTAL BEDS
jmmmm 0.3 w/partings 8 E 3 within and on top of the Morrison Formation. May be as much as 100 m thick ) )

% E @ Loyd Sandstone Member BLOCK SLIDE DEPOSITS (HOLOCENE AND PLEISTOCENE) —Coherent glide = gogg ~ STRUCTURE CONTOUl.RS—Red contOl.n' lines drawn on top o_{‘Entra((:ia aEdSGlen

=l 2 or rotation blocks of local bedrock which have retained much original bedrock » Canyon Sandstones; blue c.ontour lines drawn on top Of. TOut Iee and-

£ E < o form and structure, sometimes including formation contacts. Map color stone Member of lles Fo'rmatlon; dashed where contour horlzon projected above

C W w matches original bedrock for identification land surface. Contour. mterval. 500 ft (152 m). except in southwestern corner

tE 0 Qp | PEDIMENT DEPOSITS (PLEISTOCENE)—Poorly sorted, angular rock fragments of quadrangle where interval is 1,000 ft (305 m). .C°“l‘°‘_"§ on Entrada and

g Sec. 21 < N ®; derived from Iles and Williams Fork Formations. Occur as isolated patches on Glen Canyon Sandstones are based mainly on drillhole information
qu 2 = % ' é the Mancos S;»rhale orf,f in Forthwest part of quadrangle, cap ridges that slope X URANIUM-VANADIUM PROSPECT

o i O gently away from cliffs of Thornburgh Mountain . . -

1.8 wipartings * 17 « B TERRACE DEPOSITS (PLEISTOCENE)—Interbedded, well- to moderately-sorted $i3q ABANDOHED DOAL RIRE— B cxl oz In mets
S] EXPLANATION E ; clay, silt, sand, and granule to cobble gravel. Composition of gravel dependent OIL-AND-GAS WELLS—Showing well name and total depth, in meters
Morapos : T — % é fc:'n source of stream: st.reams with a southeasterly source carry gravel den\fed ° Oil well, shut in
Sundstane Morber Z W om basalts and other igneous rocks weathered from Browns Park Formation Thornburg 8
od ; & and associated volcanics; those draining the area of the Aldrich Lakes carry TD 1351
a Crosshedded sard primarily Frontier Sandstone Member fragments and a few crystalline fragments; ® Oil well, abandoned
a and gravel an ancestral stream with its source to the southwest carried primarily Dakota Thornburg 17
Secs. 0.3 > / ! , ' = B i L e TR A 1 BN, % : . 4 . — : X - : ] a5 and Morrison clasts but no crystalline fragments TD 1371
28 and 29 Sec. 21 Sandstone SN s e e R VN " ey, AP RTE e N . : . » N ' PSRRI . . ; - Qt Terrace deposits undivided—Occur in isolated patches or along side streams; not 3% Gas well, shut in
L Kw @ ah L / - < SN P > 28 5 env PR AR T N o o , . ' D . TR i . ; B o 3N readily correlative with terrace sequence described below. Variable thickness Tr}‘g":’;éi 19
& i : Bt T 2N L T WS e T N S I S e f_' el g o ' ' Y 7 - . . - A2 : : RS e hns and height above stream level

e 9 sands tonee was] 3 - ' , ' ) Qat, Terrace deposits—From 9 to 35 m above present stream level (height above stream e Dry hole

] g level is measured to the upper surface of the deposit). Maximum thickness about Wellman 1-A

'é’ 5] Gravel lens 3m ) ) D g2

S L; ks in sandstone Qt, Tetr;zia:ke edsesp:;gzt—;r;m 20 to 50 m above present stream level. Max1mum @ USGS MESOZOIC FOSSIL LOCALITY

) . it .
4.9 w/partings é = 15 and 22 Sand tIVIeeklar gt Calcareous Qt, Terrace deposits—From 30 to 85 m above present stream level. Maximum a7

S S e sandstone thickness about 12 m + SOIL PROFILE—Study site of surface soil in a pit or exposed face on a terrace;

£ 3 et il ) Qat, Terrace deposits—From 40 to 120 m above present stream level. Maximum used to differentiate terrace levels

2 § - g < e 4] 50 = thickness about 14 m . . BAKED AND FUSED ROCK—Baked by burming of coal beds; boundaries

. N oy bl ?f 5 Terr.ace deposits—From 60 to 290 m above present stream level. Maximum approximately located; includes talus composed of baked rocks
. L Coal partings et o) thickness about 12 m
= Secs. 150 S e WILLIAMS FORK FORMATION (UPPER CRETACEOUS)
‘E" 16 aud 1 Sec. 7 :;; =Sy j Main body—Interbedded, fine-grained,tan to light-gray sandstone and silty sand-
= e . Coal a® . i stone: gray mudstone; brown, carbonaceous shale; and numerous coal beds.
N omposite 0.6 - af °\V Extensive areas have been baked by burning of underlying coal beds. Coal beds
'2‘6 0.7 bony g:g il : P .v-qa‘f occur throughout the formation but are concentrated in three zones, 0-90 m,
5 03 asrh ;)‘r;aceous v L . 230-260 m, and over 365 m above the base of formation. Maximum thickness
£ - L JolapE Y 3] / e Lee o ' ; . . , 1 ol e L AN . ‘ 5 : e el preserved in northwest part of quadrangle is 610 m
2 T — i ] 0 ok Foe ot o005 ) /27 T N o B e b \ _ Kassyme B8 N - “g A b &oXan el v\ '“;“ B s Kwt Twentymile(?) Sandstone Member—Massive, cross-stratified, fine-grained, tan sand- ECONOMIC GEOLOGY
29 s beds) . 0 PO o s, = % Cae gy o Sl S . . & o 4449 stone capped with white sandstone; mapped line represents top; about 290 The Thornburgh*® quadrangle was mapped as part of the U.S. Geological Survey’s program
3 2 == ) m above base of Williams Fork Formation; in most places forms a prominent of classifying and evaluating mineral lands in the public domain. Previous geologic mapping in
3 0.8 bony S L Limestone ledge 30-60 m thick the area includes maps by Gale (1907, 1910), Konishi (1959), Bookstrom (1961), and Dyni
o S 4449 ILES FORMATION (UPPER CRETACEOUS) (1966). Resources of economic interest in the quadrangle include coal, oil and gas, sand and
E © Shale Trout Creek Sandstone Member—Massive, cross-stratified,fine-grained,tan sand- gravel, road metal aggregate, uranium and vanadium, and ground water.
© g = ' stone capped with white sandstone; forms a prominent ledge at top of lles Lenticular coal beds of minable thickness (1.2 m or more) crop out locally in two zones
2 o.8 Formation; 20-30 m thick within the Upper Cretaceous lles Formation; they correlate with the lower coal zone and the
= 5 24 Mancos Shale Calcareous shale Main body—Interbedded fine-grained,tan to light-gray sandstone and shaly sand- Black Diamond coal zone of the Iles as designated by Hancock and Eby (1930) in the Meeker

o 5 stone; gray mudstone; brown, carbonaceous shale; and a few discontinuous 15" quadrangle, about 11 km to the southwest of the map area. Both zones are included in

&« coal beds. Sandstones are more abundant than in the Williams Fork Formation. the lower coal group of the lles Formation as mapped in the Yampa and Danforth Hills coal

_: f Sandy shale - Coals occur in two zones above base of formation: one from 30 to 75 m and fields. The lower coal zone, near the base of the lles, is about 45 m thick and has an average

Secs. 16,17, 5 e the other from 305 to 365 m. Thickness 365-420 m of 2.1 m of minable coal. The Black Diamond coal zone, just below the Trout Creek Sandstone
20 and 21 paa E MANCOS SHALE (UPPER AND LOWER CRETACEOUS) Member, is about 60 m thick and has an average of 3.1 m of minable coal. Hancock and Eby

a ) Main body—Dark-gray marine shale; contains several mappable sandstones in (1930) reported an average heating value of 11,335 Btu/Ib and an average sulfur content of

o 4448 upper part of formation. At least 365 m of Mancos above the Frontier Sand- 0.5 percent for the coal at the Black Diamond mine in the Meeker quadrangle.

%’ stone Member consists of light-gray, calcareous shale and dark-gray, shaly Coal beds in this quadrangle that are part of the Upper Cretaceous Williams Fork Formation
limestone, probably correlative with the Niobrara Formation. Total thickness cluster into three coal zones. The lower zone, at the base of the Williams Fork, is as much as
of Mancos Shale in neighboring oil wells to the west is 1,555-1,615 m 60 m thick and contains at least 3.4 m of minable coal. The middle zone, just below the

0.5 w/partings ,Kmlo Loyd Sandstone Member—Massive, well-sorted, very fine grained, pale-olive to Twentymile(?) Sandstone Member of the Williams Fork Formation, is 30 m thick and contains
SR yellowish-gray sandstone with large fossiliferous, siliceous concretions. Not at least 3.1 m of minable coal. These two zones are included in the middle coal group of the
mapped where obscured by slopewash; mapped line represents top, about Williams Fork in local coal fields. The upper zone, which coincides with the upper coal group
i 417 60-75 m below top of Mancos Shale; 9-25 m thick of the Williams Fork, extends upward about 80 m from the top of the Twentymile (?) Sandstone
Cef Kmmo Morapos Sandstone Member— Thin-bedded,poorly sorted,fine-grained, light-gray Member and contains at least 7.6 m of minable coal. Coal beds and overlying strata in the Williams
L METERS FEET and tan,shaly, slightly calcareous sandstone. Mapped line represents top, about Fork Formation are burned and baked at the surface in many places.
0710 .. _ 305 m below top of Mancos Shale; 0-15 m thick In October 1976, an exploratory hole, just west of the northwest boundary of the quadrangle
o ,Kmme Meeker Sandstone Member— Thin-bedded,moderately sorted,fine-grained,pale- (D-1 in the coal sections), was cored to 336 m. The hole penetrated a total of five minable
,& g?rr“éi:{ ﬁgggftgga to medium-yellowish-brown,shaly, calcareous sandstone. Mapped line represents coal beds ranging in thickness (including partings) from 1.9 to 4.9 m. Analyses of the coals yielded
L 250 top, about 580 m below top of Mancos Shale; 0-60 m thick Btu/Ib values ranging from 8011 to 10,734 (as-received basis) and sulfur contents ranging from
P Frontier Sandstone 100 4 Frontier Sandstone Member, upper part—Top 1.5 m consists of well-sorted, fine- 0.25 to 0.62 percent (Muller, 1976).
o B Member, lower part grained, olive-gray, extremely fossiliferous calcarenite; has a fetid odor and Oil and gas are produced in the Thornburg field, which lies on the Axial Basin anticline
g 8 Mowry Shale Member n probably is correlative with Juana Lopez Member of Mancos Shale; lies about near the northeastern boundary of the quadrangle. Dyni (1966) mapped this field and discussed
3 g Daksts Sandstons — 500 120 m above base of Mancos. Calcarenite is underlain by thinly interbedded, the producing formations, including the Mowry Shale Member of the Mancos Shale and the
S e . . a6 flagay, well-sorted, fine-grained, yellowish-gray sandstone and gray shale; about Dakota Sandstone, both of Cretaceous age, Morrison Formation and Entrada Sandstone (of
o 200 3"???9 ‘ Sy ey = ‘ oy T J 0 - 5T 1 0 ey T _ SN L : 15 m thick. Total thickness of unit is 16.5 m Jurassic age) and the Glen Canyon Sandstone of Jurassic and Triassic age. Several unsuccessful
2 § Msiisor Eormation 750 o O T 5 . e A " ' ‘ - v :,:' o .’ ; : S Bow ol N ‘r Py o VAT v - Kmmf Frontier Sandstone Member, lower part (Upper Cretaceous), and Mowry Shale test holes have been drilled on the Yellowjacket anticline south of the Thornburg field. Oil shows
: é and ' ) o o . ‘ —_— ~ | . ‘ e S . ; ' ! E : R : Member (Lower Cretaceous) undivided—Units combined for convenience of were reported from carbonates in the Eagle Valley Evaporite of Pennsylvanian age (Bookstrom,
% § © Curtis Formation a mapping because they are not easily distinguished, but together form mappable 1961), but porosity and permeability were too low to allow production.
‘2 2 Z a0 - topographic lows between more resistant Frontier and Dakota Sandstone. Uranium and vanadium occur in minable amounts in the Salt Wash(?) Member of the
[ s — 1000 Upper 80 m consists of dark-gray, calcareous,bentonitic shale; tends to break Morrison Formation where it crops out along the Yellowjacket anticline. Major ore minerals are
2 5 into small blocks; part of Frontier Sandstone Member, but included with Mowry tyuyamunite and an unidentified green vanadium clay, with a 1:5 ratio of U;04to V,O,; the
%'c ] a Entrada Sandstone Shale for convenience of mapping. Mowry consists of medium-dark-gray, minerals are disseminated in light-gray sandstone. Known mineralization is most intense near
25 g £ and L 1950 weathering to silvery-gray shale; tends to split into very thin plates; contains the crest of the anticline and decreases down the flanks. Local mines have operated sporadically
= -3 Gler: Canyen Sandstone 400 | 5 abundant fish scales; about 25 m thick. Mowry Shale forms base of Mancos since 1905; combined total production from the Thornburgh and Sawmill Mountain quadrangles,
(&) o H45000mN, Shale. Total thickness about 105 m as of 1955, was less than 9070 metric tons of ore (Isachsen, 1955). Almost the entire area
2 ?g @ Chirlle Formaion - - Kmfm I Frontier Sandstone and Mowry Shale Members, undivided—Units combined surrounding Uranium Peak has been claimed at one time or another. In addition to the Morrison
< g- g 40°07'30" s s /w e e - S avs : e . = s e e - ] : g : £ . 40°07'30" where steep dips cause narrow surface outcrops difficult to show at map scale Formation, prospects occur in the Dakota Sandstone and Entrada and Glen Canyon Sandstones.
E = 107745 ' o o ’ TR MLLJETRRA RETH AWM. 276000m 107°37'30" Many of the minor prospects in these formations are not shown on the map.
2 500 &P\ e o U.S'. Gealogical Survey, 1966 | SCALE 1:24 000 . Mapped by M. C. Reheis, 1974-1975, =, Abundant sand and gravel occur'in the Quatemaniy Ferrac; ldepﬁsitfs, but r(;o gra\;e] pits have
W 10,000-foot grid based on Colorado coordinate system, 1 Y 0 1 MILE assisted by S. J. Ebling z"ﬁ, yet been opened. Baked mudstone, siltstone, and shale is used locally for road metal aggregate,
0.4 w/partings P\iﬁ’ north zone S : S =S =] COLORADO ; S but because of inaccessibility, no pits have been opened.
Py 1000-meter Universal Transverse Mercator grid ticks, 1 5 0 1 KILOMETER T Ground water for domestic and stock use is drawn primarily from the Iles and Williams Fork
X A zone 13, shown in blue (= i —— —— —— —— y = Formations and from Quaternary deposits. Springs occur in the Mancos Shale and in the
= & CONTOUR INTERVAL 40 FEET QUADRANGLE LOCATION Morrison Formation. Other formations, such as the Dakota Sandstone and the Entrada and Glen
% BEEROMNATS MEA NATIONAL GEODETIC VERTICAL DATUM OF 1929 Canyon Sandstones, might serve as aquifers.
8 *Spelling of quadrangle name changed from Thornburg to Thornburgh in June 1969; oil-and-gas field name retains
S S the earlier spelling.
=
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