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stone, gray to brown shale or siltstone or silty claystone, and, in the lower
part, local pebble- to cobble-sized conglomerate. Thickness 250-400 ft
(75-120 m)

Because the Dawson and Arapahoe were deposited by laterally shifting streams,
clay deposits of commercial quality have random distribution and generally
limited lateral and vertical extenit. The clays are used mainly for brick, tile,
and sewer pipe

_ LARAMIE FORMATION — In the upper part of the unit, partly carbonaceous
claystone and siltstone are more abundant than sandstone. The lower one-
third to one-half of the unit is mainly gray to yellowish-gray or brown

area include an upper and a lower part (South Platte Formation and Lytle
Formation, respectively, in the northern area) of differing economic value.
On the maps, the Dakota unit is undivided

South Platte Formation and equivalent rocks — Light-gray to brown thin- to

SHEAR ZONE — Crushed rock along a major fault; generally much altered from
composition and texture of enclosing rock. Locally usable for road subgrade
material or backfill; undesirable for aggregate

SITES OF ACTIVE OR ABANDONED PRODUCTION — Where clay sites west
of Denver are nearly continuous along outcrop, number of symbols may not
equal actual number of workings. Site symbols outside mapped outcrop areas
are at entrances to subsurface workings, at outcrops too small to map at
1:100,000, or at abandoned pits or quarried in rock units not mapped because
they are not of present or probable future economic interest

range of materials: clay for brick, tile, sewer pipe, and other structural products; lime-
stone for cement, crushed rock, and small amounts of dimension stone; sandstone for
dimension stone, crushed rock, brick and cement additives, and landscaping rock; and
gypsum for use as a cement retardant.

from the 1860’s to the present has substantially reduced the easily accessible supply
of high-quality refractory clayrock within the urban corridor. Remaining known re-
serves are mostly in properties currently in production or held by major producers;
additional clayrock of commercial quality exists in previously worked areas at depths
below present economic limits of mining and in areas where mining rights are not avail-
able. Before 1909, Dakota clays mined in the Colorado Springs area supplied part of
the material required for local brick factories; thereafter the growing city- obtained its
clay products mainly from Denver or Pueblo; limited production of pottery clay con-
tinued in the Colorado Springs area (Argall, 1949).

The strongly refractory quality of much of the Dakota clay in the Greater Denver

subunits, interbedded with sandstone, siltstone, and, in the lower part, subbituminous
coal. Most or all of the clayrock units have been mined in one or several localities,
and some of the most extensively worked units, in the lower part of the formation,
contain clay of low-grade refractory quality. Sandstone in the lower part of the Lara-
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color. In recent years this rock has been crushed for tough and durable riprap, road
metal, and nonreactive concrete aggregate. Chemically and physically similar but somne-
what coarser grained rock has been quarried from a dike near Valmont and from the
Ralston dike northwest of Golden. Another crushed-rock quarry operates in igneous
rock (a rhyodacite sill) about 3 miles (4.8 km) southwest of Lyons. Other small bodies
of igneous rock that are exposed in the Golden-Boulder-Lyons area may be suitable for
similar use. Light-colored volcanic rock (rhyolitic ash-flow tuff), called the Wall Moun-
tain Tuff, caps small buttes and underlies broader areas of Castle Rock Conglomerate
on mesas near Castle Rock and south to the Douglas County-El Paso County line. The

of Golden, between Golden and Morrison, and in Strain Gulch south of Morrison,
major quarries in biotite gneiss - yield riprap and aggregate used in concrete. Quarrying
any of these products requires blasting.
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i I 9" 22 EXPLANATION SOURCES OF METAMORPHIC ROCKS sult of faulting. To date, the Pierre, Laramie, and Arapahoe have been mined almost in the economy of the area may grow larger as more crushed rock is needed to supple- bedding-split slabs as much as a foot (30 ¢cm) in thickness and several feet (a few m)
b 1 /‘ e SOURCES OF CLAYROCK AND EXPANDABLE SHALE GNEISS AND SCHIST — Foliated metamorphic rocks, mainly biotite gneiss entirely within the hogback belt, but these units also extend to the east in the plains; ment declining supplies of gravel. Igneous and metamorphic rocks have been mapped long. Later use of sandstone in building has been mostly confined to exterior facing
’i ] S and mica schist, underlie much of the central and northern mountainous belt the western margin of the Dawson extends locally to the mountain front between Den- anfi described in conjunction with reviews of gravel resources of the urban corridor by and interior decorative applications; slab and crushed sandstone are also used for walks,
b (20 7 DAWSON ARKOSE AND ARAPAHOE FORMATION of the urban corridor. ver and Colorado Springs but the unit is exposed—and in places mined—over a much Trimble and Fitch (1974a, b), Colton and Fitch (1974), and Schwochow, Shroba, and patio paving, and landscaping (Lindvall, 1964; Sharps, 1963). Crushed or broken stone
/i N D Atlioss — Gty 1o god Hildapar sl md 4 sarpmisassons silty or Gneissic rocks near Denver are currently operating sources of high-quality non- wiger area 1;1 the\;;.l;lins soudth and ezfist of Denver, wiithltr;1 and bgl))'f;?:d tll;letlimittst;l)f the Wicklein (1974); the following statement was summarized from these publications. for road fill or. riprap in dam construction is quarried locally as nee_de@. o
el Y dlayey sandstons: sxpovel south, sast, wnd msfhenst of Denver. T fhe reactive crushed rock; mica schist is generally unsuitable for use as crushed uiof;]'s(;oré; or. t 1festprea ar;ast(_) exposure provide the possibility, but not the IGNEOUS ROCK . Urban corpdor sandstones are onl)'r very locally pure enough (high in silica in the
;r\‘| O, g Denver-Golden area, the Dawson grades laterally into the Arapahoe Forma- F56k p ise, of greater future production. The igneous rocks east of the Front Range are dominantly fine grained; those within orm of quartz and free from conta.lr.mnants such as 1T0n.) and sgft enough (weakly
< kN %55 tion and an unmapped overlying rock unit. Thickness as much as 2,000 ft QUARTZITE — Well-bedded fine- to coarse-grained quartzite in the Coal Creek PRODUCTIVE ROCK UNITS the Front Range are dominantly coarse. Each group, however, includes a range of tex- cemented_) to serve as a source of silica sand for special 1ndustr1a1.purpf)ses _SUCh s
Z y (600 m) in the Colorado Springs area; thins to about 1,000 ft (300 m) south area between Golden and Boulder is a potential source of high-quality crushed Dakota Group tures and compositions that affect commercial use. East of the mountain front, near glgss mzllkmg. Prassnt s pb ssndl prepaed from. loesl saudstone 18 naily i making
k g — N of Denver rock. West of Colorado Springs and farther north along the mountain front, The Dakota Group is the only major source of refractory clay in eastern Colorado. Golden, three dark-colored, fine-grained lava flows (Table Mountain Shoshonite) in the brick, tile, and_ cem'ent. ) ) _
s fasalioe Formation — Wiilts b sray by o saame- yo Hne-gmined sami- extremely hard reddish-brown quartzite dikes as much a5 30 £t (9 m) wide Intensive mining of Dakota dlays in Douglss, Jefferson, and soutizm Boulder Countiss upper parts of North and South Table Mountains were first used as high-quality cobble- The following discussion covers only those rock units that have been used in recent
| may be a possible minor source of rock for crushing stone and as building stone, also of good quality, but not popular because of its dark years.

LYONS SANDSTONE

The Lyons Sandstone is a predominantly sandstone unit near the western edge of
the hogback belt; it ranges from 700-800 feet (214-244 m) in thickness near Colorado
Springs to less than 100 feet (30 m) near the north end of the area. Where the sand-
stone is red to pink, uniformly fine to medium grained and nonconglomeratic, well
cemented, thinly and flatly bedded, and splits easily into large slabs of uniform thick-
ness, it is suitable for either dimension stone or crushed rock. Where it is gray to white
or yellow, variable in grain size, poorly cemented, or thickly crossbedded, it is less
used, either crushed or in slabs. Locally, light-colored, weakly cemented Lyons has

panying maps and caps much of the north slope of the drainage divide between the
Arkansas and South Platte Rivers in eastern Douglas County. Generally less than 50
ft (15 m) of conglomerate and sandstone containing conglomeratic lenses remains un-

L] fsSO 7 ediium ter Singremined Tard o sl Sadstone ferhedded with slspons . Eliy oF Expanidableskle pif o mins area, as well as in the Pueblo area, is attributed to very high content of the clay min- rhyolitic tuff has provided dimension stone for homes and small office buildings in supplied silica sand.. Mudston_e and siltstone in.tefbedded with the sandstone have re-
S T95 : ard e ke eral kaolinite. North of Coal Creek, northwest of Denver, kaolinite decreases markedly Denver, Colorado Springs, and Pueblo; also it has been used for road metal. The rock duced the commercial potential of the rock unit in part of the Greater Denver segment
b il elaysiones | stasslly WSeoMTIEOUP SUBRUTTIAGIS S A SAES LHAM, G . Sandstone or conglomerate quarry and illite becomes the dominant clay mineral (Waagé, 1961, p. 20-23). Very little clay contains material that may be reactive with common cement and would be suitable for of the urban corridor.
5 : ‘ bonaceous films t‘o beds as thick as 14 ft (4.3 m); iron staining and ?ro:nstone - Limestone quarry has been taken from the Dakota in this northern area. Nonrefractory clay from the concrete aggregate only in low-alkali cement. In the past, the Lyons Sandstone was worked for dimension stone in the Colorado
P { beds and concretions are common. Thickness about 250 ft (75 IT‘) 1 ithe illitic Dakota would have to compete with similar clays from other rock units in areas. Coarse-grained igneous rocks, which occupy nearly two-thirds of the east face of Springs area as well as in the northern part of the corridor. In later years, nearly all
| : Colorado Springs area and 600-700 ft (180-210 m) near Golden; unit some- Gypsu quanTy closer to Denver. Also, Dakota clays in the north are less well exposed than those in the Front Range within the mapped area of the corridor, are now of economic interest production—for facing of buildings, flagstone, crushed stone, riprap, and other minor
O A TN A what thinner north and east . Igneous rock quarry the central and southern parts of the urban corridor and, therefore, both their quality chiefly as sources for nonreactive aggregate and other crushed-rock uses. Until the uses—has come from the Lyons area and farther north. Many more quarries have been
e L The Laramie has supplied clay for brick, tile,-pipe, and other nonrefrgc_ttory o T T y— and quantity are more difficult to evaluate. early 1930’s these rocks were quarried in a few places for building and monument opened than could be shown on the accompanying maps; few, if any have operated on
i e e 1 products and, from the basal part of the unit, sand for use as an additive in Benton Shale stone; limited quarrying of monument stone has continued in the northern part of the a full.-tlme basis or over long periods. The number of quarries active in any one year
Lt | l ) clay products CONTACT BETWEEN ROCK UNITS OR LIMIT OF MAPPED AREA OF OUT- The basal f the Benton Shale. directly ab . 5 - area. In many places the coarse-grained igneous rocks are disintegrated by weathering is estimated to be four to eight. Output at a moderate but persistent level can be ex-
| \ L PIERRE SHALE — Olive-gray, gray, or brown thin-bedded soft to hard sand- CROP Dakotz C?rszugari: ronineg a;g g;:end:de&i:}rle;:th);ra bfr)i‘g(tdz;sppletrril;(;srtozalilces(:o;fﬂ(l) n:)reth to depths of 15-35 feet (4.5-10.7 m). Naturally disintegrated rock is used locally for pected to continue in the northern part of the area for many years.
| e e ) stone, shale, siltstone, and claystone, intergraded in many places. Iromstone ) . . . . . ‘ ) surfacing mountain roads (Scott, 1963). Unweathered rock for crushing is available Although the Lyons Sandstone in the central part of the hogback belt is generally
, -1 l\ £ i Tinestone in thin beds.or . coneretions as much s several feet in dia- NOTE: Map areas without color represent surficial deposits or unmapped out- and south of Golden, in conjunction with mining of Dakota clay or 1nde;?endently. from three rock units of major arezl extent and others of more limited distribution. inferior to that in the north and south for most uses, the local softness and very light
o, ! = N eeol o Taus meter, phosphatic nodules, and thin beds of noncommercial bentonite: are _cropping bedrock. Areas of valley fill and other surficial deposits not shown Small amounts of pottery .clay. occur at the base of.the Bentc?n (Vanderwilt and o.thers, The three major units are: one large and several smaller bodies of Boulder Creek Grano- color were turned to advantage early in this century when sand for colored glass bottles
e I =y B I P present locally. In the northern part of the map area, the Pierre contains in the Front Range 1947, P 239-240). Tl}e higher parts of the forglatmn contain large amounts of limy diorite extending north from the Coal Creek area; small irregular bodies of Silver Plume and furnace bottoms was obtained from a bed in the upper part of the Lyons near Kas-
C | | < several distinct zones of sandstone; to the south, sandstone is generally sub- shale, limestone, and siltstone and are not used in the manufacturing of clay products. Quartz Monzonite, mainly beyond the map limit west and southwest of Denver: and a sler in northwestern Douglas County. The amounts of high-purity soft stone, however,
Bh< A N ordinate to shale or sandy shale. Thickness between Fort Collins and Boulder Pierre Shale nearly continuous mass of Pikes Peak Granite between the South Platte River and Little are too limited to encourage further development of glass-sand production.
L O ol //’, is about 8,000 ft (2,440 m); the unit thins southward to less than 5,000 ft The Pierre Shale is the thickest of the clay-producing rock units in the corridor, Fountain Creek. The Silver Plume is rated highest for unweathered crushed-rock aggre- DAKOTA GROUP AND EQUIVALENTS
) - ; (1,525 m) near Colorado Springs THE URBAN CORRIDOR AND ITS RESOURCES ranging from about 3,000 feet (915 m) in part of the Colorado Springs area to 7,000~ gate because tightly interlocking mineral grains facilitate crushing to controlled size. Sandstone from the upper part of the Dakota Group (South Platte Formation) pro-
< i Ny - el Pierre Shale has had limited use in making building brick; it is quarried at The Front Range Urban Corridor includes part of the Front Range along the west- 8,000 feet (2,135-2,440 m) in the northern counties. Although much of the Pierre is The tendency of the Pikes Peak toseparate along grain contacts may cause excessive vided dimension stone for many of the older buildings in eastern Colorado because of
g : Rocky Flats for expanded lightweight aggregate and probably is suitable for ern margin of the mapped area, a broader north-south strip of plains county in the sandstone and siltstone, and the clayrocks now make only a minor contribution to breaking during crushing of unweathered rock, but results in effective natural disinte- its hardness, strength, bedding that facilitated cutting of large slabs, resistance to
T [ 5 ' this use in other localities eastern and central sections, and a narrow hogback belt between the mountains and the brick industr.y, the formation is widely accessible in the northern and southern gration. The Boulder Creek is intermediate in rating. Suitability for crushed rock may weathering,,and gray ’to light-brown color. Quarries operated sout};west of Colorado
‘ ! [ L BENTON SHALE — Dark-gray or black to brown sha%e, siltstone, o-r clay:stf)ne: the .plains. The mouptains contain granite apq other igneous rocks find metamorphic pai_ts'oftthde ilorr:dor an((ii }}ll_ashattratct?df thle 1}1terest of britclf mtam}llfaclture.rs ina ti;ne gf- Var.y inb(:iftt'grent areas of each namad rock unit. Quarrying of unweathered rock re- Springs and in the Greater Denver area in the late nineteenth century. More recently,
BM 7028 ¥ : less limy and more sandy in the upper part, more limy and associated with gneisses and schists, in some places deeply disintegrated by weathering or covered by anticipated shortage and fugh cost ol fuel. improvements in Lechnology now under in quires blasting. soft white sandstone in the upper part of the Dakota both north and south of Kassler
s N N 11105 finely crystalline limestone or shell-fragment beds in the middle part, and thin soils or stream deposits. The mountain area is a source of crushed rock and small vesfigation may allow use af {he-Pistre in making hrisk, af relatively low fining temper- METAMORPHIC ROCK has been used as molding and core sand by foundries in the Denver area; iron-stained
‘L 7, dominantly noncalcareous near the base. Thin bentonite beds are present amounts of other nonmetallic products. The plains have developed on nearly flat lying aFures, that can sub§t1tute in part for present higher temperatu¥e products that require One third or more of the Front Range area along the west margin of the urban cor- layers are removed before crushing (Scott, 1963, p. 115). Since the 19730 opening of
1.5 \ locally in the lower and middle parts. Thickness 300-500 ft (90-150 m) sedimentary rocks and are largely covered by surficial gravel, sand, or finer streamborne };{gh fuse}11 CIOIIZUI?pl:lon}.1 Eartl)y brl'ck ptl.antfs in the ColoradoUSpru;gtShar;?} use(} local ridor is occupied by metamorphic rocks—coarsely layered to finely laminated gneiss a cement plant southeast of Lyons, nearby outcrops of Dakota have supplied sand to
l ) <\ Clay for brick and pipe is obtained from the noncalcareous shale near the base and windborne materials of widely varying thickness. In the plains, the principal non- 1er(;ed l‘a}(:tz ul Itlt ey avet e.endxlnac IVZ or man); years. LIse ol the LIRIre Tor ex- and schist and, in the Coal Creek area, well-bedded, hard quartzite. Generally, the control silica content of the cement. The Dakota has also been used for riprap in dams
(ORI of the Benton metallic resources considered for this report are clays and expandable shale, the latter panded lightweight aggregate is discussed separately. coarser rocks are more satisfactory for making crushed rock than the thin-splitting and as landscaping rock. Amounts of Dakota now quarried are less than those of
I SOURCES OF CLAY AND SANDSTONE potentially available for lightweight aggregate, and sandstone and fine-grained igneous Laramie Formation highly schistose rocks. The qu.artZJte at Coal Creek is a potential source of high-quality Lyons Sandstone and are not likely to become major factors in resource-availability or
rock, mostly used locally for road metal and other purposes. In the hogback belt, the The Laramie Formation is much thinner than the Pierre, averaging about 250 feet crushed rock. Recent production of crushed rock from metamorphic units has de- land-use problems.
GE | DAKOTA GROUP AND EQUIVALENTS — Rocks called the Dakota Group older sedimentary rock units of the plains crop out in locally faulted and folded ridges (76 m) in thickness near Colorado Springs and 600-700 feet (183-214 m) in the vici- pended in large part on accessibility at or very near the mountain front and closeness CASTLE ROCK CONGLOMERATE
§ /,‘\\] -y from the Denver area north and the Dakota Sandstone south of the Denver and in intervening valleys along the mountain front. This hogback belt yields a wider nity of Denver; it has been described in various localities as containing 26-40 clayrock to the Greater Denver area market. In Clear Creek Canyon about a mile (1.6 km) west The Chstie Rock Conglomaiate is fhe youngest of the bedrock wmits on fhe 2crom.
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P : ) ! : ) A - o — : : . n the : VEIN ROCKS IN IGNEOUS AND METAMORPHIC ROCKS eroded. Much of the unit is firmly cemented with silica and would require crushing
: A thick-bedded and partly crossbedd.ed fmc.a- to medlum-gralned sanflstones that .dUSflS of sgme of the r'lonmetalhu mineral materials Produced within the urban cor- mie is a s'ource? of sz.ind use?d in brlc.k to c.ontrol shrmkgge in firing and, in some place§, Within and beyond the west margin of the urban corridor, intrusive tabular bodies if its diverse constituents—igneous, metamorphic, and sedimentary pebbles and cobbles
| N o commonly form one or two prominent ridges in the hogback belt; these rocks ridor have ¢ .anged or dxsgppeared through .t}}e years since early $ettlement of eastern can be mined in a single-pit operation with the Laramie clays. At present the Laramie of vein or dike rock, usually coarse erained. have furnished feldspar. mi % d in a sand matrix—were to be used for aggregate. Where chert pebbles are present. the
I/ J K, o range from hard and locally quartzitic to soft (weakly cemented) and porous. Colorado. Limestone suitable for sugar refining, gypsum for agriculture and construc- provides more structural clay than any of the other clay-bearing units in the urban cor- S ’ Y COAISEgrnel, 1 - span, mued, quartz, an material 1d not be suitable f. I . i :
| 2 m&‘ ‘ Gray to black clay shale or claystone is present as lenses within or laterally tion, and clays for high-quality refractory products are now inadequate—in quantity, ridor and may be the largest source for the foreseeable future. ) fluorite in hr.mted amounts for 1ndusFr1al use. The few deposits recently in production - 1'a lyvc;u no edsul a . e for concr-ete. n places, the lower part of th_e Castle
ol . b\ i persistent beds between the sandstones. Thickness of South Platte and equiv- quality: o soonmy f eeteEtion—ts.snpply fhemesds of local sndusties e tiss . on the east 51.de of the Front Range ll‘e west of the. r_napp.ed area. In gene?ral, the Front t oc tis It{“;cemenFe and is scraped dlrectly.from outc.ropsj for constr.uctlon of coun-
°le |/ ¢ alents is 200-350 ft (60-100 m) products are replaced or supplemented by materials from outside sources, in part from ‘ A'aPahée Formation ' Range deposits are not now economically competitive with sources outside the State. y roads. This practice may result in acceleration of erosion in areas adjacent to road-
i - : oy In the southern two-thirds of the urban corridor, much of the clay rock is ther States. Local resources continue to meet part or all of the demand for brick, The AlrlapahoefF;l)rm.atloanlrcf)lps OATE R B r(lia'rrow bfelt west Oft}ll)e?ver a?d aljwder LIMESTONE S
@ |12 I T classified as low- to high-grade refractory or fire clay because of its high con- pipe, crushed rock, and some other products, but rising costs, including those of trans- area northwest of the city. Within its llfnlte area of outcrop, e lemualion as peo- Uses: Cement, crushed rock (concrete aggregate, road fill, hot-mix paving, gravel, rip- . e ‘ _ . S
g : e .@? \ : tent of kaolin. The kaolinitic clays have been mined extensively, in many portation, underscore the continuing need for new or expanded sources of certain raw duced small amounts of structural clay in the past. One clay pit east of Morrison is in rap), foundry limestone; sugar refining, soil stabilization, water and waste treat- Besogent Sl hyresathons Yt yieldioll wien ynduming destruiive disfillgiicn
=a QN" i ¢ places to present economic limits. Current output is combined with other materials close to urban centers. the Arapahoe, and rf%Cth development north of GoldeTl by one company has been. re- "y
: &Y /' : : i clays for sewer pipe, brick, and tile; it is not now used for refractory products . Land use for mineral production is increasingly in competition with use for residen- poréed. .The lfornfm.tllon 115 250-400 f;et (7}16_1 22hm; t;uck a‘né 1n(sc(>ime pllacesllconmsts Limestone now quarried within the mapped area of the Front Range Urban Corridor
LR - Svep i ﬁv’“j’/}‘i T.10S. for technical as well as economic reasons. Sandstone from the South Platte tial, ir}dustrial, and agricultural purposes, although these apparently opposed uses have plre omxtr}ant 3’ o tSI t}‘[tcba]ysftonei alt Oudg much of the unit is sandy or locally con- is used mostly as crushed rock and in manufacturing cement. In the past 100 years or REFERENCES CITED
] 5 ( FL PASO CO| s Formation has been quarried for use as building stone, core and molding sand been in part fostered F)y and dependent on each other. Land-use priorities, therefore, glomeratic and not suitable for clay products. more, the limestone has also been used for mortar, agricultural lime and stock feed, Argall, G. O., Jr., 1949, Industrial minerals of Colorado: Colo. School Mines Quart.,
I ~ o }; 07'30 for foun@w work, silica additive in manufacturing cement, and riprap and are involved in balancing space for cqmmumty growth against space for m1'n_1ng mineral Dawson Arkose §ugar re?fining, .met.allurgical‘ processes, and otl}er indgstrigl and municipal needs. Many v, 44, no. 2,477 p.
g - landscaping rock resources. Some r.es.ources of low un.1t value are profitably extracted only in le.lrge vol- The Dawson Arkose was deposited contemporaneously with the Arapahoe Forma- industrial applications require conrversion of high-purity limestone, containing as much Berlin, George, 1964, Limestone for sugar refining, in Mineral and water resources of
Lytle Formation — Light-colored lenticular crossbedded partly conglomeratic ume by surface mining. Resultant disturbance of the land may be temporary if enough tion and the overlying Denver Formation. The Dawson and the Arapahoe are shown as 95-97 percent calcium carbonate, to quicklime (anhydrous calcium oxide, CaO) or Colorado: U.S. 88th Cong., 2d sess., Senate Comm. Interior and Insular Affairs,
sandstone interbedded with sandy or silty claystone. Thickness 50-100 ft stripped material can be reserved for surface restoration after extraction is completed; as one map unit on the accompanying maps; the Denver is not mapped because it is slaked lime (the hydrous oxide, Ca(OH),). Conversion may be an integral part of the Comm. Print., p. 202-203.
(15-30 m) the disturbance may be permanent where the area stripped of surface deposits is small not a commercial source of mineral resources discussed in this report. These rock units manufacturing process, as in sugar refining, or the user may buy commercially prepared Brobst, D. A., and Pratt, W. P., eds., 1973, United States Mineral Resources: U.S.
No part of the Lytle has been economically important to date, although some in comparison to the depth to which the resource is removed, as in some hogback-belt were laid down by laterally shifting streams issuing from the Front Range. The depos- lime. Sources outside the urban corridor—in Colorado and other States (Missouri, Geol. Survey Prof. Paper 820, 722 p.
refractory clay lenses are present near the top operations. Urban or industrial development, on the other hand, may make valuable ited sediments differed in composition and texture according to differences in the South Dakota, Utah)—supply much of the local need for very high calcium limestone Bush, A. L., 1964, Lightweight aggregates, in Mineral and water resources of Colorado:
) resources permanently inaccessible for use in further growth. Because nonmetallic mountain source rocks from which they came. The Dawson Arkose formed along and prepared lime, because economically accessible supplies in this area are no longer U.S. 88th Cong., 2d sess., Senate Comm. Interior and Insular Affairs, Comm. Print.,
SOURCES OF SANDSTONE AND CONGLOMERATE mineral production in the Front Range Urban Corridor is so deeply involved with land- courses of ancient streams that drained from Pikes Peak Granite terrane west of the adequate for corridor requirements. Some byproduct lime from current sugar refining p. 197-202.
CASTLE ROCK CONGLOMERATE (eastern Douglas County) — Conglomerate use problems, this report emphasizes the distribution of resources within the corridor. Castle Rock-Colorado Springs area (Richardson, 1915; Waage, 1952). The arkosic and from old lime ponds at refinesies in the corridor finds a market as a soil stabilizer 1973, Lightweight aggregates, in Brobst, D. A., and Pratt, W. P., eds., United
| and overlying coarse arkosic sandstone containing conglomerate lenses. Peb- Data have been obtained from many published and unpublished sources. The maps (feldspar-bearing) conglomerate, sandstone, and subordinate amounts of finer grained in road and runway building and i1 treatment of water supplies, sewage, and mine and States Mineral Resources: U.S. Geol. Survey Prof. Paper 820, p. 333-355.
a4 L[ bles commonly 2-4 in. (5-10 cm) and a few boulders 1 ft (30 cm) or more in were modified from compilations of geology of the Front Range Urban Corridor. Pub- sediments (including clay) of the Dawson are thickest—as much as 2,000 feet (610 m) mill waste. Carter, D. A., 1964, Metallurgical limestone, in Mineral and water resources of Colo-
g \ diameter are of granite, gneiss, quartzite, vein quartz, and, in smaller numbers, lications that provided data on all or several of the nonmetallic resources of the cor- thick—on parts of the divide between the South Platte and Arkansas Rivers. In much Limestone resources of thie urban corridor are accessible in or near the hogback belt rado: U.S. 88th Cong., 2d sess., Senate Comm. Interior and Insular Affairs, Comm.
E chert and ash-flow tuff. Thickness generally less than 50 ft (15 m) ridor include Larabee, Clabaggh, Griffitts, and othe?s (1947), Vanderwilt and others of the area of greatest thickness, however, only the uppermost few hundred feet crop and, near Colorado Springs, iin a westward extension of sedimentary rocks onto the Print., p. 203-205.
; -8 . g Much of the sandy matrix of the conglomerate is silica-cemented and would re- (1947), Argall (1949), Del Rio (1960), U.S. Geo]ogxf:gl Survey ('1964), Colorado Bureau out. Most of the Dawson clay pits are located in this upper part of the unit, on the granite mass of the Front Range. Of the several rock units within the area that contain Colorado Bureau of Mines, 1896-1965, Annual report: Colorado Bur. Mines, Denver.
= L quire crushing for use as aggregate, but locally the lower part of the unit is of Mines (1896-1965, 1966-1971), and Colorado Division of Mines (1972-1974) for north flank of the divide, in the Louviers-Parker-Castle Rock triangle within the cor- limestone, only two have sustained economic importance: a composite western lime- 1966-1971, A summary of mineral industry activities in Colorado: Colorado
S 10 u | Pe—— soft enough to serve as road metal without crushing Colorado; and U.S. Bureau of Mines (1965) and Brobst and Pratt (1973) for the United ridor and the Kiowa-Bijou basin area east of the corridor boundary. Toward the north stone-bearing unit in the sou'thern third of the mapped area, and a more extensive east- Bur. Mines, Denver.
EEET X | - LYONS SANDSTONE (eastern sandstone unit in hogback belt) — Thin-te thick- States as a whole. .L{n'publishe.d information was obtained frpm files of publi? record and south limit§ of the Dawson., erosion has cut away the higher parts of the formation ern unit, the Niobrara Formation. Another unit, the Lykins Formation,contains a Colorado Division of Mines, 1972-1974, A summary of mineral industry activities in
‘ % il bedded cross-laminated quartz sandstone that is red to white or more com- ;f thei (?olgrad]c; D1v151on.o]£ Mme;and through the coopera’-uon of the following: Coors and the remaining .ro?ks have yielded little or no c?mmercial clay, except in the Calhan limestone member—the Glennon of LeRoy (1946)—that has been quarried to a limited Colorado: Colorado Div. Mines, Denver.
b mnly orange sk 1o vellowish pray: fins 1o eourse pralned, Sud, sspevially force ain Co., Denver Bric .and 1pe.Co., Environmental Lime Co.., A. P. Greene Re- area (east of map limit) northeast of Colqrado Sprlngs. ' . extent. As in the case of othier resources of low unit value and intermittent extraction, Colton, R. B., and Fitch, H. R., 1974, Map showing potential sources of gravel and
in the central and southern map areas, partly conglomeratic. It is generally ractories Co., Robinson Brick and Tile Co., and Van Howe Ceramic Supply Co. In contrast with the older clay-producing units of the urban corridor, in which clay- the records of limestone production in the corridor are incomplete. crushed-rock aggregate, in the Boulder-Fort Collins-Greeley area, Front Range
harder and contains more siliceous and less ferruginous or calcareous ciement CLAYROCK .rocks are v-ariable in thickness a'nd lateral continuity but tend to persist in certain zones MANITOU LIMESTONE AND ASSOCIATED ROCKS urban corridor: U.S. Geol. Survey Misc. Geol. Inv. Map 1-855-D.
B i —_— in the northern part of the corridor than in the centra! and southern. parts. Uses: Brick, tile, sewer pipe, miscellaneous construction products, pottery. m eat;:lh umt,kthe Daw;(;ln c;)ntz;ms fe_w laterally Eersistent beds.or ?ongs of e_ither clay In the southern part of thie urban corridor, the westernmost and oldest of the lime- Del Ri'o, S,' M., ed., 1960, Mineral resources of Colorado, first sequel: Denver, Colo-
Mudstone and siltstone are abundantly interbedded with sandstone in jpart of S or other rock types. ‘ ec ay _ep031.ts seem to _ave random distribution W1th}n the stoneyidlding mndts crops ond mestextensively fu e Maniton Sprinssembayosnt west 'rado Mineral Resources Board, 76% _p. o .
T, 53 Ti2s the Greater Denver area. Thickness ranges from 800 ft (244 m) near Clolorado mass of coarser materials. Within a single deposit the Dawson clays may vary in color and nenthwest of Bolopsio SprimasSeatt and Welbins, V750 muzller cutomps auenr Driscoll, L. B., 1974a, Land-use classification in the Boulder-Fort Collins-Greeley area,
Springs to less than 100 ft (30 m) near the northern limit of the maps East of the Front Range, Colorado has produced clays and clay products for more from gray through green, yellow, and red; included streaks and layers of sand, silt, or ) th tales feait ‘ph B P Patl and ? h }; limi Tﬁ' ) Front Range urban corridor, Colorado: U.S. Geol. Survey Misc. Geol. Inv. Map
. . . . . than 100 years. The major manufacturing centers are in Denver and in Pueblo, which mica flakes are common (Waag€, 1952, p. 386). Little selective mining is attempted; S0 RIEIS SMSHLIATE e Aoril to dsndiailary SgUS 0 t 9 map it ke [-855-B.
3 Quarrying for dimension stone and crushed rock is now concentrated in . PPN : . . . ) posite map unit includes the following sedimentary rock units, from older to younger P .
3 4370 and north of the Lyons area; in the past building stone was produced mear 15 stk o the. mapped area of the corridor, b.an i operaFe near Longmont s tbe uns.ort'jed prod}lcts, 'however, ave:suffiziently valuahle: in the making of br.ICk apd (west to east): Manitou Limestone, probably absent at Perry Park; Harding Sandstone, 1974b, Land-use .ClaSSlflcatlon map of the Colorado Springs-Castle Rock area,
11111 g Colozado Spiings, and asoft phase af tiie Lyons Sandstone southawest of Deis and Valmor}t in Bouldef Copnt.y. Cla}{rock pits and subsurface mines that supply the?se tile to justify hauling distances that exceeq those fc?r nfearly all other clays mined in 45 thie Fisth Cankon. aten.onlys qind Williams Canyon sad Leadville Limestonss, i His Front Range urban corridor, Colorado: U.S. Geol. Misc. Geol. Inv. Map 1-857-B
B manufacturing centers lie within 50 miles (80 km) of Denver and Pueblo; the marketing Colorado for Denver plants. An eastward increase in fine sediments in the Dawson : : ’ ; . [1975].
ver was quarried for bottle and furnace-bottom sand o : . . Manitou Springs area and locally north to Perry Park. The major source of limestone, . . . .
radius is about 300 miles (480 km). The two centers supply much of the Rocky Moun- suggests that additional clay resources may exist near or beyond the eastern edge of . . . . : Hamilton, J. L., and Owens, W. G., 1972, Geologic aspects, soils and related foundation
SAWATCH SANDSTONE (western sandstone unit in hogback belt, map 3; map tain region and parts of the adjacent plains with brick, tile, sewer pipe, and other clay the urban corridor. Hie: M.amtou, is:about 185 feet (56 m) fhick near Manltog Speings, 280+feet (45 ) near problems, Denver Metropolitan area, Colorado: Colorado Geol. Survey, Dept. Nat.
unit locally includes Peerless Dolomite, discussed under Sources of Lime- products for construction and refractory uses. The clay deposits near Calhan are south of the South Platte-Arkansas divide, about the Ar For_ce Acad_emy, and less thag 100 feet (30.5 _m) mn seve':ral other outorop areas, Resources, Environmental Geology, no. 1., 20 p. ’
stone) — White to pink or reddish-brown and locally green-mottled well- Exceptions to the source and market-range limits exist for high-quality refractory 40 miles (64 km) northeast of Colorado Springs (Richardson, 1911; Van Sant, 1959, 45, ghie Mantioy Speings area, the Manlt(?u Limestons is undarlain by 15_49 feet; (4.5~ Kuklis, Andrew, 1971, The mineral industry of Colorado, in U.S. Bur. Mines, Minerals
bedded mostly hard fine- to coarse-grained sandstone; thick bedded near brick and tile, industrial and laboratory porcelains, and pottery products. Refractory p. 63). The clay-bearing zone, in lakebeds near the base of the Dawson, is about 100 12:m) of Peerless Digampare (mapped Wik Sawgtch S_andstone) AnE GYERAG Wy aboud Yearbook, 1971, preprint, 27 p. '
‘ Manitou Sprir_lgs, thinner bedded in northern outcrops; partly glauconi.tic products made in the Pueblo area are mixtures of fire clay from the Pueblo area and feet (30 m) thick and extends 3-4 miles (4.8-6.4 km) along the outcrop below surficial 15 fe(?t (40'm) of W1ll1z?ms C?nyon and I_deadvﬂle Limestones. These limestone and Larrabee, D. M., Clabaugh, S. E., Griffitts, W. R., and others, 1947, Map showing con-
39 ° 1 39°00° and feldspathic; contains some conglomerate; locally crossbedded. Thickness Missouri fire clay or Arkansas bauxite; porcelains for technical use, now manufactured gravels. Thicknesses of clay that can be extracted without selective mining range from dol;)}rinte snitsare guareied with tl}e Ma_mtou near Cplorado Sprl_ngs. . . struction materials and nonmetallic mineral resources of Colorado: U.S. Geol. Sur-
¥ of Sawatch about 25 ft (7.6 m) in Golden in Jefferson County, combine out-of-State clays (kaolinite from Florida and 3 to 12 feet (1-3.5 m). Like the smaller stream-laid deposits to the north, the clays N carbonste ,rOthS,l,Otf tnedwesltern Ihmtelzlstotne I;mt are POt umfo.rm Htl tclfl)mposmtor.l vey, Missouri Basin Studies no. 10, scale 1:500,000.
f \%‘\ A quarry northwest of Manltpu Springs has supplied red- and green-mottled North Carolina, ball clay from Tennessee and England) or employ aluminum oxide in near Calhan show wide variation.in color, texture, and quality. Selected samples have ?rrérftoﬁii(tlﬁ\eﬁn sty’ ;ncu 11 : };a:ﬂs AU g e two afrtg;ea:r;velalquarnes. as . et:lol\l/l[n g}[n LeRoy, L. W., 1946, Stratigraphy of the Golden-Morrison area, Jefferson County,
S/ § i building stone of good quality place of clay and are distributed throughout the country. The fire clays of the Denver low-grade nonrefractory to high-grade refractory ratings. For a number of years after Sori eAL O LODTara SpENE a}rll i tod bed af elr g ml A Colorado: Colorado School Mines Quart., v. 41, no. 2, 115 p.
\ " -/J . OTHER SOURCES OF DIMENSION SANDSTONE area, formerly used for refractory purposes such as lining metallurgical furnaces, can- initial production in 1903, the clay was sent to Pueblo for furnace linings, fire-brick bgill:is 3rse$uqctllla;zyi1(1)e_r} ;nfé):tszgzm; ma)vihsiiiarfi;m szft:dzlgﬁs'g?&i C}ir;l:rﬁecs?;-m) Lindvall, R. M., 1964, Stone, in Mineral and water resources of Colorado: U.S. 88th
e Dawson Arkose — Mapped and described as a source of clay not compete with Pueblo and out-of-State refractory clays so they are now blended for buildings, and sewer pipe. More recently it has been used in the Denver area for beds or hard. impure siliceons limsstone on the basis of color diffel:rlencesg Unt%l the Cong., 2d sess., Senate Comm. Interior and Insular Affairs, Comm. Print., p. 211-
LWL i — ) ; d with other, lower quality clays to increase structural strength and hardness of sewer structural clay products; its usefulness in mixture with other clays apparently justifies carl 1940’s’ theph' }’1_ leium 1 ’ ded lime f fini h'. " . 215,
. ? alata Growp — Mapped wnd deseribed 25 a soumoe of dlayand sandstooe pipe and some brick and tile (Patterson, 1964). Pottery clays, similar to fire clays in the unusually long hauling distance. Unworked high-grade refractory clay bodies are i yt s ltg. ca9c71um AE provide I‘T“e or si)ugar e 1n$nf, whe rehqu1res Patterson, S. H., 1964, Clays, in Mineral and water resources of Colorado: U.S. 88th
S Fountain Formation — Not on maps. Formerly yielded building stone of low their high firing temperatures but requiring very low iron content (to avoid unwanted said to be known inthe area, but presumably they will not be developed while Dakota vlvriiisstzgz thi ‘;;n}ftmsf sofg(r)cfent:(zrl ;n_(;rse r(;f; f)l;lzlfs?e(?rrlgti a;l Y ats Stlrir.lﬁfs tE'me- Cong., 2d sess., Senate Comm. Interior and Insular Affairs, Comm. Print., p. 183-
i durability from outcrops west of Lyons Sandstone coloration) and high plasticity, have been produced in both the Denver and Colorado clays of comparable quality are available closer to the Pueblo manufacturing center. stone from the C gl . C:io Sorin e—e;{ it ) ¢ cd ! der ?a fl ) thl 190.
SOURCES OF GYPSUM. LIMESTONE. AND CLAY Springs areas and formerly were used for the technical porcelains made in Golden as No other lakebed clays have been reported in the Dawson Arkose. . ¢ Lolora -l L L Richardson, G. B., 1911, Clay near Calhan, El Paso County, Colorado: U.S. Geol.
\ ’ L z : well as for pottery. Deposits of pottery clay in the urban corridor, however, are usual- Inglesids Pormatien; norih of tie atba saridon meap ares—e pringipl o Siute Survey Bull. 470 293-296
—— \ — - LYKINS FORMATION — Mostly noncommercial red to brown siltstone, silty i e el ammsvasemils. amh meitemn. a Homer i § . ’ercial use, i, 1 ot EXPANDABLE SHALE source of limestone for eastern Coiorado sugar refiners from the turn of the century - y ’ » P- : ) )
) \ shale, and fine- to medium-grained sandstone, thin- to thick-bedded; partly eS;(ce Stlions ’ d(i ¢ yEt pl fy é tho St I;O thoi ?Oblmd P 'th,l 1 brick Uses: Lightweight aggregate for structural and thermal- or acoustical-insulation prod- (Berlin, 1964, p. 203). (The Ingleside extends into the northern map area of the cor- 1913, Castls: Rock, Coloradar: US _Geol. survey Geol. Adlas, Folio 198, 14 p.
r.13 s T-138 calcareous. Lenticular deposits of gypsum, some of commercial grade and ! p 310 THACE 6 pOliely elay oM eien 2laes Ui I3 viended wiLh loval. e ucts. ridor but contains no commercial limestone there.) The high-purity limestones of the Schwochaw, 8. D., Shroba, R. R., and Wicklein, P, C',’ 1974, Sand, gravel, and quarry
/ size, are near the base of the formation from the Loveland area northward; ¢ a?}'h 1 ks of th d lv in ch: £ K uni As a resource category, expandable shale—a source of lightweight aggregate—is Manitou Limestone also were a source of prepared lime for the general market at least aggregate resources, Colorado Front Range Counties: Colo. Geol. Survey, Dept.
\ = l Begcon deposits west of Loveland are the only source of gypsum now quarried in - erdaz,vri(t)lclixf :acth Erf‘ct)mSc?;‘e,ary gr:at y 1: clta.racter rom one' rloc lifltlt.tot?n_ closely allied to the category of clayrock. Expandable shale is obtainable from some until 1968. Most recently lime processed in the Colorado Springs area was marketed Nat.. Resmnress, Spac. Pub, 3o/, 43 g ) . . US. Geol
bl ) ’ ;m,,}f", ’0813 ] the map area. The Glennon Limestone Member (of LeRoy, 1946) of the it bl Factuti ! .f varl: 1onlsl: 3 Sl,ld mn nonccf)r;l'm_e}rlc? (llua ! y,do 1ersf of the same rock units and is similarly dependent on a high content of clay minerals for use in soil stabilization and treatment of sewage and trade wastes. Scatt, G. R., 1963, Bedtock geology of the Kassler quadrangle, Colorade: U.8. Geol.
——— 1o | Lykins, 6-16 ft (1.8-4.9 m) thick and 100-150 ft (30-45 m) above the Sefrfrm etma?u alc urmgtg o e;xcerl) 10naCly WIf © rangg o Hmshed © Ty p;‘_o' uets o (hydrous aluminum silicates). This category differs from that of the previously dis- Since about 1950, two large mountain-front quarries northwest of Colorado Springs Buryey Prof. Baper 421-R, p 71-135, . .
. g™ i) base of the formation, consists of orange-pink to gray wavy-laminated sandy bl belrmg’ sdr;lc ura proger tles S otrs. lays romt:: Ozfifl ,Or Thigtie: lodql ey gy cussed clayrock in the physical properties and minor constituents on which processing have produced crushed rock for concrete aggregate, road fill, hot-mix paving, gravel, Scott, G R., anq W(.)bus, R. A, 1973, Reconnaissance g'eologlc map - Colo%'ado
o g | 400 000 cherty limestone; white to pink coarsely crystalline impure limestone inter- % DIGTAE TGT Ik Pradne, on ons ar bvo clays may- ¢ suthicient. depends, in the nature of the processing, and in the final products toward which proc- riprap for dams, and miscellaneous construction-industry uses. These uses depend on Springs and vicinity, Colorado: U.S. Geol. Survey Misc. Geol. Field Studies Map
| \ /: SPGB T bedded with crinkled red siltstone is present in this member in the northern SOURCES AND PRODUCTION essing is directed. physical properties of the rock—capability of breaking into clean, hard, roughly equi- MF-482. L . 3 .
1 ‘ part of the corridor. Thickness of Lykins Formation 500-700 ft (150~ Clayrock in the urban corridor is produced mainly in two areas: (1) from Boulder Although several rock types are suitable for making lightweight aggregates—clay- dimensional pieces that can withstand heavy loads without additional breakage and Sharps, T. _I~’ 1963, Dimension stone in Colorado: Colorado School Mines Mineral
210 m) south to northwestern Douglas County, in or a few miles east of the hogback and stone; shale; slate; volcanic rocks including scoria, cinder, pumice, and perlite; diato- require a minimum of the costly selectivity needed in quarrying high-purity, color-free I.ndustnes Bull, Vi 6, no. 1, 12 p. )
Limestone from the Lykins has been used for agricultural lime and mortar and valleys; and (2) in northeastern Douglas County, in northwestern Elbert County mite; and vermiculite—only expandable shale and claystone are abundantly present in limestone for chemically dependent uses. Parts of the western limestone unit, however, Smith, R. O., Schne1dfer, P. Aj’ J.r., and Petri, L. R., 1964, Ground-water e of
a small amount is now used as cut or crushed decorative stone. Brick clay is (Kiowa-Bijou basin area), and in one locality near Calhan in El Paso County, in the the Front Range Urban Corridor. The Pierre Shale was in recent use in the urban cor- have a high content of chert, which is detrimental in concrete aggregate because of a the South Platte River basin in western Adams and southwestern Weld Counties,
obtained near Plainview, in Jefferson County, from red shale from which cal- stream-dissected plains. The Kiowa-Bijou basin and Calhan areas lie beyond the limits ridor; the Benton and Arapahoe Formations are considered to be potential sources. possible reaction between chert and cement. Such a reaction weakens the finished Colorado: U.S. Geol. Survey Water-Supply Paper _165& 132 p.
careous cement has been naturally leached of the urban corridor but are within the source area for Denver manufacturers of brick, Processing of the shale involves crushing and rapid kiln heating to 1,800-2,200°F. product. Also, some parts of the carbonate-rock sequence of the unit are not durable ST, J- Aoy A _Howenll, D. H., 1963, Gypsum deposits of the northern Colorado .
tile, and pipe. The productive rock units in these areas are discussed in the following (980-1,200°C). In this temperature range the rock becomes pyroplastic (melted Front Range, in Guidebook to the geology of the northern Denver basin and adja-
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OTHER SOURCES — Gypsum formerly was produced near Morrison, Perry
Park, and Colorado Springs from rocks of the Ralston Creek Formatiom (not
on maps) that crop out in a narrow zone east of the Lykins Formation. A
few former producing localities are shown

SOURCES OF LIMESTONE

NIOBRARA FORMATION (eastern limestone unit)

Fort Hays Limestone Member, at the base (not separately mapped) — White
to gray dense hard limestone interbedded with a few thin layers of grayy limy
shale; the limestone in places contains more than 85 percent calcium carbo-
nate. Thickness 15-22 ft (4.5-6.7 m) in the northern part of the urbam cor-
ridor and 34-40 ft (10-12 m) in the southern part

Smoky Hill Shale Member, at the top (not separately mapped) — Gray to
yellowish-gray thin-bedded limy shale interbedded with thin clayey limestone
layers; the uppermost part is chalky limestone or shale containing pyrite and
weathering to pale orange color. Locally in the northern part of the urban
corridor the Smoky Hill is a low-grade oil shale

Limestone from the Fort Hays and shale from the lower part of the Smoky
Hill are blended for cement production in a plant about 3 mi (4.8 km) south-
east of Lyons. The Fort Hays has been quarried southwest of Denver for
foundry limestone and in many places throughout the urban corridor for
agricultural or mortar lime

MANITOU LIMESTONE AND ASSOCIATED ROCK UNITS (western limestone
unit, maps B and C) — Includes, from older to younger: Manitou Limestone,
Harding Sandstone (not described; contains no limestone), Williams Canyon
Limestone, and Leadville Limestone, of which one or more are absent in each
mapped area of the unit

Manitou Limestone — Buff, gray, or purplish- to reddish-gray thin- to thick-
bedded finely crystalline to granular limestone, dolomitic limestone, and
dolomite, varying in hardness and content of quartz sand, chert, or siliceous
cement. Light-gray hard nearly pure limestone (95-97 percent calcium car-
bonate) has been selectively quarried for sugar refining or manufacture of
commercial lime. Thickness 185 ft (56 m) west and northwest of Colorado
Springs and 280 ft (85 m) near the Air Force Academy; the Manitou thins
north and south and may be absent at Perry Park in north part of map 3

Williams Canyon and Leadville Limestones — Where not deeply weathered,
dominantly dark-gray hard dense limestone. In the Manitou Springs-Glen
Eyrie area, these limestones directly overlie the Manitou, are quarried with
it, and are about 130 ft (40 m) thick

These three rock units, together with the underlying red coarsely crystalline
Peerless Dolomite (mapped with Sawatch Sandstone in western sandstone
unit of hogback belt) are now the chief source of crushed rock for the Colo-
rado Springs area. Thickness of the Peerless is 15-40 ft (4.5-12 m)

SOURCES OF IGNEOUS ROCK

IGNEOUS ROCKS OF THE FRONT RANGE — Three major igneous units
and others of smaller extent are potential sources of crushed rock; the ma-
jor units have been quarried in the corridor for building and monument
stone

Silver Plume Quartz Monzonite — Gray to pink fine- to coarse-grained; crops
out near the central-western edge of the corridor and northwest of Boulder.
This unit is a possible source of high-quality crushed rock resistant to break-
age under load and nonreactive in concrete

Boulder Creek Granodiorite — Gray, medium- to fine-grained; locally granite.
Occupies a large area from Left Hand Creek near Boulder to Coal Creek and
smaller areas north and south. In quality it generally ranks below the Silver
Plume as a source of crushed rock, but could provide some high-quality
material

Pikes Peak Granite — Nearly homogeneous, coarse-grained, pink; locally quartz
monzonite. Extends south from the South Platte River to Little Fountain
Creek. The unweathered rock is inferior to Silver Plume or Boulder Creek for
crushed rock aggregate but, where disintegrated by weathering, it is usable
without crushing for surfacing secondary roads

Pegmatite — Very coarse grained vein or dike rock. Abundant but generally
not of value for crushed rock aggregate. Pegmatite has been a source of small
amounts of quartz, feldspar, and mica within the corridor

IGNEOUS ROCKS OF THE MOUNTAIN FRONT — Dominantly fine-grained;
include some coarse-grained varieties

Wall Mountain Tuff — Light-gray rhyolitic ash-flow tuff exposed in small areas
from north of Castle Rock to the Douglas County-El Paso County line. Used
for building stone and locally for road and dam construction; reactive consti-
tuents make it generally unsuitable for concrete aggregate

Table Mountain Shoshonite and related rocks — Dark-gray dense porphyritic
lava caps North and South Table Mountains near Golden. Fine- to coarse-
grained rocks of similar composition occur in dikes and irregular small masses
between Ralston and Leyden Creeks and east of Boulder near Valmont. Both
the Table Mountain Shoshonite and the dike rocks have been used as crushed-

text. Clay mines and pits in these units were comprehensively reviewed by Van Sant
(1959). The geology of clayrock in the Dakota Group in the central and northern
part of the corridor has been discussed in detail by Waage (1961)

Statistics on clayrock production by rock units or for the specific area of the urban
corridor have not been published. An industry estimate of recent eastern Colorado
production attributes a little less than one-half to the Laramie Formation, about one-
third to clay lenses within the Dawson Arkose, and smaller amounts to the Dakota
Group, the Benton Shale, the Arapahoe Formation, and the Pierre Shale. This assess-
ment does not include Pierre Shale that is expanded to lightweight aggregate in the
Rocky Flats area in northern Jefferson County. The U.S. Bureau of Mines, however,
includes Pierre production for aggregate in its annual statistics on output of clay and
shale in Jefferson County; for 1971, the bureau reported 415,091 short tons (376,571t)
valued at $763,000 from Jefferson County (probably in major part from the aggre-
gate operation) and 14,891 short tons (13,509 t) valued at $19,000 from Boulder
County; tonnage and value from Douglas, Elbert, and El Paso Counties were included
with figures for three others counties outside the urban corridor for totals of 108,963
short tons (98,851 t) and $214,000 (Kuklis, 1971).

DEVELOPMENT PROBLEMS AND PROSPECTS

As population and industry expand in eastern Colorado, the need for brick, tile,
and pipe must be supplied from new as well as old workings. On the accompanying
maps, areas in which clayrock units are exposed or directly underlie unconsolidated
soil, sand, or gravel constitute the gross area of clayrock resources that are accessible
by surface mining. Areas of actual future production will be only a small percentage
of the areas of exposure, and will be determined by interlocking factors of geology,
economics, and competitive land use.

New clay pits or mines probably will be located in or near areas shown on the map
as bedrock outcrop. Because of the scale of the accompanying maps, however, some
small areas of outcrop are unmapped. The maximum extent of an operation may be
determined by the lateral limits of commercial quality or thickness of clay, by over-
burden too thick for stripping at prevailing clay prices, or by availability of mining
rights. For major operators a rule-of-thumb minimum objective is a deposit that can
provide 10,000 short tons (9,000 t) per year for five years; the deposit should require
little or no selective mining. On this scale of operation, a deposit about 7-10 feet
(2-3 m) thick in nearly flat lying rocks may require excavation of less than 3 acres
(1 ha). Certain multiple-bed operations north and south of Golden in the steeply
tilted Laramie Formation have areal extents of 15-40 acres (6-16 ha) (estimated in
part from topographic maps) and have been active for periods longer than 5 years.

Overburden in strip-mining areas may consist of unconsolidated gravel, sand, or
soil, or of noncommercial bedrock, or of both. On the accompanying maps, where
surficial deposits are 3-5 feet (1-1.5 m) or less in thickness, the area is included with
mapped outcrop. The maximum thickness of surficial deposits may be 70-80 feet
(21-24 m) or more in old alluvial valleys, such as that of the South Platte River and
Fountain Creek, and in a few upland areas between major drainage courses. Over
much of the urban corridor east of the mountains, however, surficial sediments are
less than 30 feet (9 m) thick and in many places, only 5-15 feet (1.5-4.6 m) thick
(Hamilton and Owens, 1972; Smith and others, 1964).

The amount of overburden that the mine operator can afford to remove varies di-
rectly with the thickness of the minable clay and inversely with hauling distance to
the manufacturing plant. Recent cost allowances of less than $4.00 per ton at plant
site for most structural clays dictate that the ratio of overburden to clay thickness
should not exceed 5:1 at a distance of 30 miles (48 km) or 3:1 at 60 miles (96 km)
from the plant. These figures do not include the possible effect on cost of marketable
sand or gravel in the overburden or coal in the lower part of the Laramie Formation.
Restoration of the land surface after excavation of the clay is another cost not included
in the figures.

The most obvious restriction of areas of potential production of clay (and other
nonmetallic mineral resources) is shown by the road network. When superimposed on
the accompanying maps of rock units, it is an indication of spreading urbanization.
Also shown on these maps are lands set aside as military reservations, other government
installations, recreation areas, flood-control reservoirs and reserves, and airports. The
following are not shown: crop and grazing lands, which account for the largest non-
urban use in the corridor east of the mountains, especially north of Denver (Driscoll,
1974a, b); urban fringe areas of predictable growth; areas undeveloped but already
zoned for residential and industrial use; and speculative land holdings.

In some places, under sequential-use policies, secondary agricultural or urban-
industrial uses can develop on land surfaces restored after removal of clay resources.
Where the volume of stripped and reserved overburden is less than that of the clay re-
moved, because the overburden was initially thin or because sand, gravel, or coal was
extracted, restoration of a surface approximating original contours may not be possi-
ble. Within the urban corridor, however, worked-out clay pits already serve as reser-
voirs or stock ponds in some agricultural areas without restoration of the surface.
Elsewhere—for example, about 0.5 mile (0.8 km) northeast of Parker—pits have been
restored to grassland. In Golden, the Colorado School of Mines has constructed
housing in an old pit area, and south of Golden abandoned pits have been used for
sanitary landfills.

In addition to the general factors affecting clay output in the urban corridor, loca-
tion of outcrop, history of development, and distinctive geologic character influence

enough to be viscous) and is made finely porous by the expansion of gases (CO,, SO,,
H,0) formed from components of the rock. The cohesive cellular product of this proc-
ess has a volume two or three times that of the original material: a density of 30-60
pounds per cubic foot (480-960 kg/m?), in contrast to 150-170 pounds per cubic foot
(2,400-2,725 kg/m3) for sand and gravel aggregate. Furthermore, the expanded mate-
rial has good structural strength and valuable thermal- and acoustical- insulating prop-
erties (Bush, 1964, 1973). One shale-expansion plant, supplied by an adjacent quarry
in the upper part of the Pierre Shale, has operated for about 15 years in the Rocky
Flats area between Golden and Boulder. It has a reported capacity of several hundred
thousand tons per year and probably can supply requirements within a 200-mile (320-
km) radius for the foreseeable future.

Shale suitable for commercial production of expanded lightweight aggregate cannot
be positively identified in the field because there is little visual evidence of many small
differences in physical and chemical properties that may be critical in thermal proc-
essing. Material from each locality under consideration must be kiln tested. In broadly
general terms, the most favorable rocks seem to be those shales that are dark colored
(gray, black, green),not extremely thinly laminated, and largely composed of the clay
minerals illite and montmorillonite—the minerals dominant in clay-bearing rocks used
for structural rather than highly refractory clay products. High concentrations of iron,
alkalies, organic carbon, carbonate minerals, and silt may adversely affect the proc-
essing of the shale. Some of these components, finely and uniformly disseminated, are
essential for the formation of the gasses which cause expansion of the shale (Bush,
1973).

Although the Pierre Shale contains large amounts of sandstone as well as shale and
claystone, it should provide adequate resources of expandable shale for many years,
because of the great thickness of the unit—3,000-5,000 feet (915-1,525 m) in the
Colorado Springs area and 7,000-8,000 feet (2,135-2,440 m) in the northern part of
the urban corridor—and its wide area of occurrence at or near the surface in the north-
ern and southern parts of the area. Cost and availability of natural gas to fire the ex-
pansion kilns may have more effect on maintenance or growth of production than any
limitation of shale resources.

GYPSUM

Uses: Cement retardant; plaster of paris, plasterboard, other construction products;
agricultural soil conditioner.

Mining of gypsum (hydrous calcium sulphate, CaSO,.2H,0) in the Front Range
Urban Corridor has been limited to the northern part of the area since the early years
of this century. Output has always been slight in comparison with that of several other
nonmetallic minerals and increase of production seems improbable. Most of the depos-
its are small or of nonuniform quality, and adequate supplies of gypsum are readily
available from other sources in and beyond Colorado.

The Lykins Formation in the hogback belt near the mountain front contains most
of the gypsum in the northern part of the corridor. The Ralston Creek Formation (not
shown on map), adjacent to the Lykins on the east, contains subeconomic deposits
south of Morrison in Jefferson County, in the Perry Park area of Douglas County, and
in and south of the Colorado Springs area in El Paso County.

In Larimer County, gray to white massive, finely crystalline gypsum occurs in the
lower part of the Lykins in lenticular beds 1-50 feet (0.3-15 m) thick and usually only
a few hundred feet long, rarely as long as a mile (1.6 km); gypsum of minable grade in
many places is interbedded with and grades laterally into impure red gypsum and shale
(Withington, 1964, p. 193). Only a small amount of anhydrite (nonhydrated calcium
sulphate) is associated with the gypsum in this area. Anhydrite is considered a contam-
inant in gypsum used for plaster products; however, it is not detrimental in small
amounts in association with gypsum used as a cement retardant or as a soil conditioner
(Williamson, 1963, p. 3, 9; U.S. Bureau of Mines, 1965, p. 416).

The only gypsum deposits now worked in the mapped part of the urban corridor
are on the flanks of a partly eroded fold in the Lykins Formation about 5 miles (8 km)
west of Loveland. Production has been nearly continuous since 1896. These deposits
formerly supplied a local plaster mill; more recently they have provided gypsum used
as a setting retardant in cement. A lenticular mass about 40 feet (12 m) thick and
sloping at a low angle has been quarried for about a half mile (0.8 km) along the east
side of the fold; the shorter west-side pit is in two beds of gypsum, each about 25 feet
(7.6 m thick,and dipping about 45 degrees. All three beds pinch out at shallow depths.
Similar gypsum deposits are known on folds in the lower part of the Lykins north of
the mapped area; production has come from two of these in recent years (Story and
Howell, 1963, p. 258-260; Colorado Division of Mines, 1973). In areas south of Love-
land, the Lykins has little or no reported outcropping gypsum.

Near Perry Park, southwest of Castle Rock, the gypsum-bearing Ralston Creek For-
mation was quarried from 1898 to 1901 (Argall, 1949, p. 228). West of Colorado
Springs several outcrops, 20-60 feet (6-18 m) thick and partly of good quality (al-
though interbedded with claystone), occur in the Ralston Creek Formation at Glen
Eyrie, in the Garden of the Gods, near Fountain Creek, and locally farther south in
the mapped area. Until 1907 the Fountain Creek deposit intermittently supplied gyp-
sum for a plaster mill near Colorado City (Withington, 1964, p. 193).

IGNEOUS AND METAMORPHIC ROCK
Uses: Crushed or broken rock (concrete aggregate, riprap, road metal, roofing granules,

precast construction panels, and others uses); dimension stone (building stone,
paving blocks, monuments); landscaping rock; minerals for chemical and metallur-

enough for high-quality crushed rock.

LYKINS FORMATION

The Lykins Formation consists mostly of easily eroded sandstone and sandy shale,
less than 200 feet (61 m) to more than 600 feet (183 m) thick, and it tends to form
part of a narrow, topographically low zone in the western part of the hogback belt,
between ridge-forming rock munits. The Glennon Limestone Member of LeRoy (1946),
8-30 feet (2.4-9 m) thick, is: a hard, impure limestone layer (not separately mapped)
in the lower (western) part of the unit and is characterized by wavy or “‘crinkled”
bedding and orange-pink to reddish-brown color that have made it attractive for limited
use as decorative dimension stone. [t has also been crushed for driveway surfacing. In
earlier years the Glennon was burned for local use as agricultural lime and in mortar,
but because of its high content of silt, sand, chert, and iron, it is no longer competitive
with other sources of lime. The Lykins is currently less important as a source of lime-
stone than as the only active source of gypsum in the urban corridor.

INIOBRARA FORMATION

Limestone and limy shale from the Niobrara Formation have been supplied since
1899 to a cement plant near Portland, 20 miles (32 km) west of Pueblo, and since
1927 to a plant near La Porte, 4 miles (6.4 km) northwest of Fort Collins. Both of
these plants are outside the area shown on the accompanying maps. Production of ce-
ment within the map area began in 1970 at a plant and quarry site a few miles (several
km) southeast of Lyons, on the Niobrara outcrop belt. Another Niobrara quarry about
5 miles (8 km) northeast of Lyons was opened in 1974 to supply the same plant. Past
production from the Niobrara came from many pits and small quarries throughout the

length of the urban corridor, and the rock was burned locally for agricultural lime or
for mortar. In one Douglas County locality the basal limestone of the Niobrara has

been quarried for use in several of the more than 40 foundries in the Denver area
(Scott, 1963, p. 115; Carter, 1964, p. 204).

The Niobrara Formation, exposed in the eastern part of the hogback belt, consists
of a lower (western) part called the Fort Hays Limestone Member and an upper, thicker
part called the Smoky Hill Shale Member; the members are not mapped separately.

The Fort Hays contains 18-40 feet (5.5-12 m) of limestone in beds as much as 2 feet
(0.6 m) thick and in places consisting of more than 90 percent calcium carbonate; very
thin interbeds of limy shale separate the limestone beds. The Smoky Hill is made up of
limy shale and impure, commonly chalky limestone more than 500 feet (153 m) thick
south of Colorado Springs, and about 300 feet (91 m) thick near the north end of the
urban corridor; the northward thinning is not uniform.

Where the Niobrara is quarried for cement making, the Fort Hays, averaging about
85 percent calcium carbonate, and the lower part of the Smoky Hill, containing 50-65
percent calcium carbonate, are blended to attain the 75-78 percent calcium carbonate
content required for portland cemznt (Wolfe, 1964, p. 182). Shale in the Smoky Hill
supplies the necessary alumina and part of the silica for the cement; the additional re-
quired silica is added in the form of crushed sandstone, obtained locally from the Dako-
ta Group. The upper part of the Smoky Hill contains pyrite and other impurities that
preclude its use for cement. In some places in the northern part of the mapped area,
the Smoky Hill contains enough kerogen™to approximate a low-grade oil shale; efforts
to remove the kerogen to reduce air pollution from the cement plant add to the tech-
nical problems of cement production.

Economic factors have restricted quarrying for cement to large areas of flat to mod-
erately tilted beds (tilted less than about 25 degrees) that are broadly exposed or under
thin overburden. These conditions exist for the Niobrara within the corridor (1) on
parts of an en echelon fold from the Lyons area northward and (2) in the extreme
southern part of the mapped area, in and adjacent to the Fort Carson Military Reserva-
tion. In the northern area, dips of 30-70 degrees or more are recorded for the steeper
flanks of the folds. At least one northern area of favorable Niobrara terrane is reported
to be held for future production by a cement company.

Large-scale future use of limestone from the Niobrara of the urban corridor for in-
dustrial processes or products other than cement seems unlikely. Commercial quanti-
ties of rock that could meet requirements of 97 percent or more calcium carbonate for
sugar refining and productiom of open-market lime, or 95 percent or more for most
metallurgical processes, are niot generally present, although additional rock of metal-
lurgical quality may be available in Douglas County. Presumably, if local demand ex-
isted, lime or powdered limestone requirements of about 80 percent calcium carbonate
for agricultural use could be met with limestone from the Fort Hays wherever that
member is suitable for cement.

SANDSTONE AND CONGLOMERATE
Uses: Dimension stone, crushed rock, riprap, landscaping rock, silica rock, sand.

Sandstone from ten or more roc¢k units in the Front Range Urban Corridor has met
widely varying needs in the past century. Quarrying operations, however, have tended
to be small at many locations, commonly intermittent, and often short lived. Records
are incomplete and some of the old quarry locations have not been shown on the ac-
companying maps.

Dimension stone, for supporting walls and foundations of buildings, was probably
the most widely used sandstone product until the early twentieth century, when steel
and reinforced concrete largely replaced stone for weight-bearing parts of large struc-
tures. Builders discontinued use of some sandstones such as those of the Fountain
Formation and the Fox Hills Sandstone because these rocks lacked the strength and
resistance to weathering that prolenged the use of more durable sandstones from parts
of the Dakota Group and the Lyons Sandstone. Hard, conglomeratic sandstone of the
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