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from quartz siltites was impractical for the present study, so that these end­

members, were combined and described simply as quartzites. 

Rock-slabbing, X-ray radiography, and thin-sectioning were done on 

the trace fossils. These methods provided the basis for the classification of 

behavioral types, mode of formation, preservation, and environmental sig­

nificance of the different trace fossils. 

Although the study concentrated on the environmental aspects of depo­

sition, a review of all the different possible depositional environments and re­

lated sedimentary facies will not be undertaken. The interested reader is 

referred to more complete works ( King, 1961; McKee, 1957a; Potter and 

Pettijohn, 1963; Potter, 1967; Selley, 1970; Shelton, 1967; Shepart, 1963; 

Visher, 1963). Campbell's (1967) terminology for bedding and laminations, 

and McKee and Weir's (1953) classification of cross-stratification were used 

in the study. The two-dimensional aspect of most exposures and the require­

ment of a three-dimensional view made the use of Allen'S (1963a) classifica­

tion of cross-stratification difficult and often impractical for the present study. 
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PREVIOUS WORK 

Because they are widespread, the Swan Peak Formation and Eureka 

Quartzite have been mentioned or described in many publications. Richard­

son (1913, p. 407) named the "Swan Peak Quartzite" from an outcrop at the 

crest of Swan Peak in the northwest corner of the Randolph Quadrangle, Utah 

(Sec. 11, T 14 N, R 4 E). Mansfield (1927, p. 57) noted the northward ex­

tension of this quartzite unit into the Montpelier Quadrangle in southeastern 

Idaho. The lower member is commonly covered, so that Owen (1931) and 

Williams (1948, p. 1136) were the first to note the tripartite lithic division of 

the Swan Peak Formation in common use today. VanDorston (1969, 1970) 

more recently refined Williams' general subdivisions and gave criteria for 

selection of formational and member boundaries in the northern Bear River 

Range. 

Hague (1883, p. 253) named the Eureka Quartzite from exposures at 

Eureka, Nevada, but Kirk (1933, p. 30) later redesignated the type section at 

Lone Mountain, 18 miles north of Eureka, because the section at Eureka was 

incomplete. A t the type section both the overlying Hanson Creek Dolomite 

(equivalent to the Fish Haven Dolomite) and the underlying Pogonip Group are 

exposed. A similar stratigraphic sequence was found by Langenheim and 

others (1956) as far west as the Independence Quadrangle, California. Subse­

quent work in central and southern Nevada and in southern Utah (Ibex Basin) 

is summarized by Hintze (1951, 1952, 1954, 1959, 1960, 1963a, 1963b); by 
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Ross (1951, 1953, 1964a, 1964b, 1967, 1968); and by Webb (1956, 1958). Little 

will be said about these studies of the paleontologic and stratigraphic relations 

outside the area of study, except where they relate directly to the present 

study of northern Utah. 

In the Ibex Basinofsouthwest Utah, Hintze (1951, 1952) subdivided the 

Pogonip Group (equivalent chiefly to the Garden City Formation, but including 

the younger Kanosh Shale) into time-correlative faunal zones. In the Northern . 

Utah Basin Ross (1951) also subdivided the Garden City Formation and the lower 

member of the Swan Peak Formation into similar time-correlative faunal zones. 

Excellent agreement between these two basins appears to indicate the time­

correlative nature of the Kanosh and Lehman with the lower and middle mem­

bers of the Swan Peak. However, no definite faunal co rrelation of the un­

fossiliferous upper member of the Swan Peak with the unfossiliferous Eureka 

Quartzite could be established for north-central Utah. Ross (1964a) indicated 

that both are post-middle Whiterock and pre-middle Barnveld, i.e., possibly 

Marmor, Porterfield, and/or Wilderness. 

Thus, when the present study began, some uncertainty existed con­

cerning correlation of Middle Ordovician quartzite units, both north and south 

of the Tooele Arch and within northern Utah itself. Hintze (1951, p. 21) and 

Webb (1956, p. 21) have questioned the exact correlation of the Swan Peak 

Formation in northern Utah with the Swan Peak in the Ibex Basin of southwest­

ern Utah. Webb (1958, p. 2356) proposed three hypothetical relationships for 

the Swan Peak Formation and Eureka Quartzite in northern Utah: 1) The Swan 

Peak Formation has no western equivalent; or 2) The upper part (either the 
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upper and middle members or perhaps only the upper members of Williams, 

(1948), is eqIivalent to the Eureka Quartzite; or 3) The entire Swan Peak For­

mation is equivalent to the Eureka Quartzite. Webb (1956, p. 43) believed the 

white quartzite at the top of the Swan Peak in the Promontory Range could be 

Eureka, but gave little evidence other than lithology for his tentative correla­

tion. The two other hypothetical correlations he considered he apparently 

liked less. 

In the Silver Island Range of western Utah, Schaeffer (1961) recognized, 

in descending order, the Eureka Quartzite, Crystal Peak Dolomite, Swan Peak 

Formation, Lehman Formation, and Kanosh Shale (Figure 3). In the New­

foundland Range in the central Great Salt Lake Desert, Paddock (1956, p. 29) 

recognized both the Eureka and Swan Peak, separated by 147 feet of Crystal 

Peak Dolomite. He subdivided the Swan Peak into an 1!upperH and "lower" 

member (Figure 3). East of the Newfoundland Range, in the Lakeside Range 

(Doelling, 1964, Figure 15) and in the Promontory Range (Olson, 1956, p. 50~ 

the Crystal Peak Dolomite is absent, and both authors explicitly assumed that 

Eureka also is absent. Olson (1956, pp. 89-90) believed that Webb was incor­

rect in postulating that the upper part of the Swan Peak in the Promontory 

Range might be equivalent to the Eureka Quartzite, but he presented no sub­

stantiating evidence. 

Farther east, at Wellsville Mountain and the Bear River Range, the 

Swan Peak Formation again contains the only major Ordovician quartzite. 

The Crystal Peak Dolomite is missing here also. This eastern area occupies 



9 

the transitional position between the miogeosyncline to the west and craton to 

the east (Eardley, 1963, p. 19). 

Correlation of Middle Ordovician strata has, in the past, been based 

on the classical dual approaches of physical stratigraphy and guide fossils. 

The present study concentrated on the environmental aspects of deposition de­

termined from sedimentary structures, and the paleoecology of faunal and 

trace-fossil assemblages. Such environmental data, combined with phYSical 

stratigraphy, then proved useful in firmly establishing the stratigraphic re­

lations previously suspected by Webb and suggested by Ross. 
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GEOLOGIC SETTING 

Pre-Ordovician Strata 

Late Precambrian erosion of the continental margins preceded the 

Late Precambrian-Early Cambrian transgressive sequence. During much 

of the Cambrian, repeated transgressive and the progradational-regressive 

sequences were deposited in northern Utah. The Cambrian sys tern averages 

7000 to 8000 feet thick, and is divided into 8 to 14 formations in Utah and Ne-­

vada. Unit-for-unit lithic correlation is fairly good through wide areas, but 

different nomenclatural schemes have resulted in confusion, especially for 

the lower Cambrian. The basal transgressi ve quartzites grade upward into 

chiefly shales; by Middle and Late Cambrian mostly carbonates were being 

deposited. During Late Cambrian time the sea withdrew from northern Utah, 

and much if not all the area was exposed and eroded. 

Ordovician System 

During Early Ordovican time the sea transgressed eastward, and the 

Garden City Formation of Utah and its equivalent, the Manitou Formation of 

central Colorado, were deposited. At this time most of western Utah and 

eastern Nevada lay in the Cordilleran miogeosynclinal belt and received 

chiefly carbonates. Within the miogeosynclinal belt, a northern and a south­

ern depositional basin formed as early as late Cambrian time, and these 
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basins were separated by the east-west-trending Tooele Arch. Hintze (1963a, 

p. 58) named these, respectively, the Northern Utah Basin and the Ibex Basin. 

The positive Tooele Arch influenced deposition of sediments from Cambrian 

through at least Late Ordovician time (Hintze, 1959, p. 53). The position and 

trend of the Tooele Arch is defined by the absence and/or thinning of Ordovician 

units in the Stansbury and Lakeside Ranges, and in the Tintic and Gold Hill min­

ing districts. Ordovician strata are also absent in the Uinta Mountains, and 

most authors, including Ross (1964a, p. 1550) consider the Tooele Arch a 

westward extension of the ancient Uinta Arch. 

The shoreline migrated westward in Middle Ordovician time to a posi­

tion near Logan, Utah. Sand, mud, and carbonate then were deposited in 

roughly arcuate bands in successively offshore regions in the Utah- Nevada 

area. These bands trended north-south in the east and east-west in the west. 

Farther west siliceous muds and volcanics were deposited in the deeper water 

of the eugeosyncline (Ketner, 1966, p. 54). 

The Swan Peak Formation and the Eureka Quartzite occur at the top of 

the Sauk Sequence of Sloss (1963, p. 95). The Sauk Sequence consists of rock 

units of Late Precambrian to Middle Ordovician age that are bound by sup­

posedly time-correlative interregional unconformities representing widespread 

withdrawal of the sea. 

The Lander Formation in Wyoming and the Harding Formation in cen­

tral Colorado are believed to be easte,rn time-equivalents of the Swan Peak For­

mation of Utah (Allison, 1966). These two formations are thin compared to 

their more western, miogeosynclinal equivalents. A very shallow-shelfal 
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cratonic environment of deposition has been proposed for the Lander and 

Harding. The Harding Formation has received notice because of fragmental 

parts of the earliest known vertebrates, which occur in the upper part of that 

formation in Colorado. 
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DESCRIPTIVE STRATIGRAPHY AND ENVIRONMENTAL ANALYSIS 

General Statement 

The Swan Peak Formation in northeastern Utah thickens both north and 

west (Figure 2), and can be subdivided into three distinct members based on 

lithology, paleontology, and sedimentary structures. Williams (1948, p. 1136) 

and Ross (1951, p. 6) discussed these subdivisions, but more recently Van­

Dorston (1970, p. 1143) defined detailed criteria for selecting member bound­

aries. In the Silver Island and Newfoundland Ranges the transition to thick 

carbonate sequences complicate V::tnDorston's criteria for subdi vision of mem­

bers (Figure 3). Subdivision of the stratigraphic sequence in the Silver Island 

Range was based on Schaeffer (1961), and the criteria of Paddock (1956) were 

used for formational boundaries in the Newfoundland Range. Generally, the 

Eureka Quartzite and its equivalents lie between carbonate units, and upper 

and lower formational contacts are easily defined and located. 

Lower Member of Swan Peak Formation 

In north-central Utah the lower member of the Swan Peak Formation 

varies in thickness from zero to 160 feet (Figure 4). The basal contact of 

the Swan Peak Formation generally is gradational through a short distance. 

Criteria include: 1) The first shale or quartzite above the Garden City For­

mation; 2) A generally sharp transition from dark colored calcilutites and 
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calcisiltites of the Garden City, to lighter colored biocalcarenites and bio­

calcirudites'of the overlying Swan Peak Formation; 3) The topographic break 

between the resistant upper member of the Garden City Formation and the 

less-resistant lower member of the Swan Peak; and 4) The transition from 

the cherty and dolomitic carbonates of the upper member of the Garden City, 

to the limestones of the lower member of the Swan Peak Formation. The cri­

teria are listed in order of decreasing reliability. In most cases where several 

criteria are present, they are coincident. 

Below the Swan Peak Formation, abundant dolomite beds alternate 

with aphanitic limestones (calcisiltites and calcilutites) at the top of the black­

chert-bearing upper member of the Garden City Formation. Ross (1951, p. 8) 

found that some dolomitic beds changed laterally to limestone without any ap­

parent physical demarcation. In the present study it was also noted that zones 

of dolomitization cut across bedding at some localities, and therefore, dolo­

mitic beds are unreliable as a consistent stratigraphic marker below the 

lower member Swan Peak Formation. 

Beds of the lower member range in thickness from less than one inch 

to greater than four feet, and average 0.4 foot thick. The thicker-bedded 

units are predominantly limestone, but some shale uni ts appear to approach 

the same upper limit. Bed thicknesses exhibit a general upward increase 

through the lower unit, with the possible exception of the quartzite beds, 

which appear to be thicker and more abundant toward the base. However, bed 

thicknesses are obscure because of commonly poor and incomplete exposures 

of the lower member. Sedimentary structures of the lower member are 
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characterized by wavy and parallel laminae with a noticeable lack of scours 

and much bioturbation of the sediment. Beds display a lenticular nature, and 

lateral tracing of even the thickest limestone and quartzite beds reveals a 

lack of continuity through more than 80 feet. 

Ostracods, fragmental brachipods, and disarticulated echinoderms are 

common constituents of limestones in the lower member. The quartzites and 

sandstones vary from light brown to pale red, and are fine grained and well 

sorted. Locally, thin sandstone beds are cemented with calcite. Shales 

vary from medium gray (N5) to dark gray (N3), and contrast sharply with the 

lighter-colored shales of the middle member of the Swan Peak Formation. 

In the northeastern part of the study area three lithologic subunits 

occur in a vertical sequence in the lower member. These are: 1) A lower 

subunit of interbedded shale (45 per cent),quartzite (35 per cent), and lime­

stone (20 per cent) with the quartzite commonly concentrated near the base; 

2) A middle subunit of interbedded shale (50 per cent) and limestone (10 per 

cent) with only minor quartzite (10 per cent); and 3) An upper subunit of 

interbedded shale (80 per cent) and quartzite (20 per cent). The percentage 

values given for each lithology are approximate averages based on several 

sections. These three subunits were recognized at north Mantua (Section 10), 

south Wellsville (Section 8) and particularly at East Mantua (Section 11), where 

the lower member is well exposed. A summary of the vertical ranges of 

lithologic subunits, sedimentary structures, body fossils, and trace fossils is 

gi ven in Tables 1 to 4. 
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Alterations of fossiliferous sand, limestone, and shale indicate a tran­

sitional environment between the carbonates of the open shelf and the sands, 

silts, and clays of the shoreface. Hence the lower member of the Swan Peak 

Formation probably was deposited in a shelfal-marine environment. Based 

on modern studies and isopach da~a, water depths perhaps varied from 50 to 

60 feet along the shoreward margin to possibly as much as 150 to 250 feet sea­

ward. The width of this shaly zone probably varied in response to the local 

paleogeography, currents, and sediment sources. Shale deposition was pre­

sumably slow, and once deposited, the sediments were seldom reworked ex­

cept locally by benthic fauna. The temperature, salinity, dissolved gases, 

and nutrient content probably varied considerably over the shelfal area, and 

affected faunal and floral dis tributions more than sediment distribution. The 

presence of carbonates suggests warm water temperatures. 

Middle Member of Swan Peak Formation 

In north-central Utah the middle member varies in thickness from 

zero to 86 feet (Figure 5). The contact between the lower and middle members 

is gradational through an interval of less than 20 feet. Criteria used to select 

the member boundaries include: 1) The top of the transition zone from the thick­

bedded shale sequence (upper subunit of lower member) into burrowed (Plate 1), 

interbedded quartzite and shale; 2) The top of the highest limestone bed (included 

in the lower member); 3) The transition from dark gray shales into light green­

ish gray shales; 4) The first appearance of Annelidichnus; and 5) A more re­

sistant and steeper topographic slope in the middle member than in the lower 
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member. As with the lower member, the criteria are listed in order of de­

creasing reliability; in most cases where several criteria are present they 

are coincident. 

In the Newfoundland Range, Paddock (1956, p. 27) recognized only an 

"upper" and a lower member of the Swan Peak Formation. The middle mem­

ber in north-central Utah is apparently equivalent to Paddock's "upper" mem­

ber (Figure 3). Paddock defined the base of his "upper" member (shown as 

Swan Peak and Lehman in Figure 3) at the first quartzite bed above the argil­

lites of the lower member (shown as Katlosh in Figure 3). Limestone beds 

occur in Paddock's "upper" member, so that not all criteria used iJ;l north­

central Utah are applicable. The relative position of the Newfoundland Rmge 

well within the Ordovician miogeosyncline perhaps explains the limestone 

interbeds of Paddock's "upper" member. However, correlation between his 

"upper" member and the middle quartzite and shale member in north-eastern 

Utah appears to be established on the basis of stratigraphic position and 

paleontologic evidence (Ross, 1964a, Figure 3). 

Quartzites in the middle member are usually brown to tan and are 

highly bioturbated. Shales are generally lighter in color than shales of the 

lower member, and range from dark gray to light greenish gray near the. base 

of the middle member to light gray and light green in the middle and top. 

Quartzite beds in the middle member range. in thickness from one inch 

to two feet. Lateral tracing of individual beds along depositional strike reveals 

lack of continunity of even the thicker beds through more than 30 feet. Beds at 

the top of the middle member were traced laterally and examined for trunction 
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by the upper member. However, jointing, faulting, and covered intervals 

obscured any indication of low-angle discordance. A general upward grada­

tion from parallel laminae through wavy parallel laminae to oscillation wave 

ripples was noted in the middle member of the Swan Peak Formation. Near 

the top of the middle member, mud cracks, interference ripple marks, small 

flat-topped ripple marks (Kinneyia, c. f. Hantzschel 1962, p'W235 or Runzel­

marken, c. f. Teichert, 1970, p. 1056), simple cross-laminae and hydroxy­

lapatite occur, although all are very rare. VanDorston (1970, p. 1146) re­

ported these shallow-water sedimentary structures and a purple quartzite 

subunit as common in the northern Bear River Range. The diminished 

occurrence southward of shallow-water sedimentary structures and the ab­

sence of the purple quartzite unit at the top of the middle member suggest 

that erosion may have played a far more significant role prior to deposition 

of the upper member than previous studies have indicated. 

In north-central Utah abundant horizontal feeding burrows ("fucoids") 

characterize the middle member. Similar fucoids were recognized by Paddock 

(1956, p. 58) and by the author in this member in the Newfoundland Range. 

Two lithic subunits common]y occur in vertical sequence in the middle member: 

1) A lower subunit of interbedded quartzite (75 per cent) and light green and 

brown shale (25 per cent); and 2) An upper subunit of interbedded shale (50 per 

cent) and brown quartzite (50 per cent), with rare white quartzite (Table 1). 

The ratios of q.tartzite to shale represent an average for several measured 

sections, and vary from one section to another. The lower and upper sub­

units of the middle member have been recognized at East Mantua, North 



19 

Mantua, and South Dry Lake (sections 11, 10, and 9, respectively). These 

two subunits of the middle member are often covered by talus of the upper 

member; erosion and nondeposition probably played a significant role in their 

occurrence, distribution and preservation. The horizontal feeding burrows 

("fucoids") are found in both subunits of the middle member, but seen more 

abundant and better developed in the lower subunit. A summary of the vertical 

ranges of the lithologic subunits, sedimentary structures, and fossils is given' 

in Tables 1 to 4. 

The middle member probably represents a distinct environment adjacent 

to that of the lower member of the Swan Peak Formation. The interbedded 

quartzites and shales of the entire middle member probably represent a shore­

face to intertidal environment. Vertical successions of sedimentary structures, 

fossils, and thicker beds of quartzite indicate progressively higher-energy 

conditions upward. 

VanDorston (1970, p. 1149) believed the upper part of the middle mem­

ber represents tidal-flat deposits. He based this interpretation on the pres­

ence of mud cracks, presumed raindrop imprints, oscillation ripples, small 

flat-topped ripples, and fossil evidence. Van Straaten (1961, p. 214) stated 

that mud cracks, tracks of invertebrate animals, and certain types of ripples 

are indicative of environments periodically exposed and covered by water, but 

do not necessarily prove a tidal-flat environment. Such sedimentary structures 

are common on the floors of shallow lagoons which have become exposed, in 

coastal playa sediments, in slat-marsh environments, and on river banks, as 

well as on tidal flats. Channels and scours are very rare or absent in the 
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middle member of the Swan Peak Formation. Tidal channels are so frequently 

associated with modern tidal-flats that such a relationship should be true for 

ancient deposits, yet distinct channels and evidence of current reversals ("flas­

er" structures) are not found in the middle member of the Swan Peak. The 

diminished occurrence southward of shallow-water sedimentary structures 

found near the top of the middle member by VanDorston (1970) near the Idaho 

state line indicates that such shallow-water strata may have been successively· 

truncated southward toward the Tooele A rch, presumably prior to deposition of 

the upper member. 

Both erosion and sedimentation probably played important roles in the 

distribution and occurrence of the fauna and flora. The salinity probably varied 

from normal marine seaward to slightly brackish shoreward. The width of the 

shoreface zone was probably greater than two miles, and water depth, if based 

on modern environments, presumably was less than about 60 feet. Tempera­

ture was probably warm, but probably fluctuated as a result of storms and 

seasonal variations. 

Qpper Member of Swan Peak Formation 

The upper member of the Swan Peak Formation forms steep, distinc­

tive cliffs in north-central Utah. The upper member consists of a clean, white 

quartzite that thickens to the north and west (Figure 2) and ranges in thickness 

from zero to 476 feet (Figures 6 and 7). The basal contact of the upper mem:­

ber is defined at: 1) The top of the highest shale bed; 2) The transition from 

brown and dark tan quartzites to white and/or medium light gray quartzites 
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that weather white or light tan; and 3) The top of the highest bed with horizontal 

feeding burrows ("fucoids ") and the base of the lowest bed with vertical bur­

rows. Generally this is a sharp, well-defined contact with no evidence of re­

working. However, thin beds of white quartzi te occur locally in the upper sub­

unit of the middle member. 

The upper contact of the Swan Peak Formation is a sharp, planar 

surface between the white quartzites of the upper member and the dark dolo­

mite of the Fish Haven. The basal Fish Haven Dolomite locally contains frag­

ments of whi te quartzite in the lower foot that appear to be reworded from the 

upper member. No angular discordance was observed between the Fish Haven 

and the upper member of the Swan Peak in the area of study. However, Coulter 

(1956, p. 25-26) described an angular discordance between the two formations 

near Bloomington Lake, Idaho. 

Wavy parallel laminae, oscillation ripples, and simple bottom-tangent 

cross-stratification are common in the upper member. Cross-strata are 

usually indistinct, but where displayed, dip predominantly southward. Scour 

surfaces one to two feet deep were observed only locally near the top of the 

Promontory and Cottonwood Canyon section (Sections 6 and 7, respectively). 

Bedding thickness ranges from less than o. 5 foot to greater than 10 feet, with 

an average thickness vf 2 feet. Lateral tracing of even the thicker beds in 

the upper member revealed a lateral continuity of less than 25 feet. In the 

basal part of the upper member sedimentary structures are often outlined by 

hydroxylapatite, a mineral form of collophane. Hydroxylapatite was found at 

the base of most exposures in the eastern part of the study area, except at 
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South Mantua (Section 12), where nondeposition and/or erosion may have occur­

red. Hydroxylapatite decreases in abundance westward, and is absent at 

Strongknob Mountain and points westward. However, the absence at such lo­

cations may be related to erosion of the stratigraphic interval prior to further 

deposition of the upper member rather than to nondeposition. The quartzite 

of the upper member of the Swan Peak is white, vitreous, and almost entirely 

silica cemented. Grain size is fine, and sorting appears good to excellent 

for most outcrops studied. VanDorston (1970, p. 1143) found that grain size 

increased upward in the upper member of the Swan Peak Formation in the 

northern Bear River Range. In the southern Bear River Range no vertical 

differences in grain size were noted, although upper strata probably are ab­

sent here due to postdepositional erosion. 

The structureless appearance of most exposures of the upper member 

probably results from a combination of bioturbation, pervasive silica cement­

ation, and jointing. Wholly internal horizontal feeding burrows are absent, 

and vertical protection burrows like Skolithos are abundant and often weather 

into relief on bedding surfaces. ~?nodonts and fish remains (hydroxylapatite) 

were the only fossils found in the upper member of the Swan Peak in the area 

of study. 

The environmental interpretation of the upper member will be discussed 

with the Eureka Quartzite because both units had similar depositional histories. 

Eureka Quartzite 

In northwestern Utah the Eureka varies in thickness from 288 to 542 
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feet in the area studied (Figure 8). In the Silver Island and Newfoundland 

Mountains the Eureka Quartzite forms vertical cliffs that lie between two dark 

carbonate units. Contacts with the underlying Crystal Peak Dolomite and 

overlying Fish Haven Dolomite are sharp and planar. The base of the Eureka 

Quartzite is defined at the top of the highest dolomitic limestone of the Crystal 

Peak Dolomite, and the base of the first quartzite. A sandy dolomite one foot 

thick at the base of the overlying Fish Haven Dolomite is common throughout 

the area studied, and probably represent reworked Eureka sands. 

Wa vy parallel laminae and cross-laminae are common in the Eureka 

Quartzite. Cross- strata are large scale (greater than 5 cm) and soli tary in 

their occurence. The lower boundaries are usually planar and nonerosional. 

Cross-strata are usually indistinct, but at some localities (Flirtation Ridge, 

Section 3) the upper two- thirds has well-preserved cross-laminae that dip 

predominantly south. Bedding thickness ranges from less than 0.2 foot to 

greater than 8.0 feet, with an average thickness of 1.2 feet. Individual beds 

could be traced laterally for no more than 40 feet where well developed in the 

upper part of the Eureka Quartzite. As with the upper member of the Swan 

Peak Formation, bioturbation, jointing, and covered intervals often made 

lateral tracing of beds difficult. 

Three lithologic subunits appear to be present locally in western ex­

posure of the Eureka Quartzite. These are: 1) A lower unbioturbated thinly 

bedded quartzite, with shale partings; 2) A middle bioturbated quartzite sub­

unit, usually much more than half of the total thickness of the Eureka; and 
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3) An upper unbioturbated thinly bedded quartzite. The upper and lower sub­

units are often absent or else obscured by faulting, jointing and covered 

intervals. 

Biogenic structures in the lower part of the Eureka Formation were 

described by Paddock (1956, p. 32) as "weathered pits and pockets." These 

same trace fossils were observed by the author, and probably correspond to 

different preservational types of the trace fossil Laevicyclus (Hantzschel, 

1962, p. W201). Trace fossils of the Eureka Quartzite are summarized in 

Table 4. 

Two hypotheses for the environment of deposition of the Eureka 

Quartzite and the upper member of the Swan Peak Formation appear plausible 

in light of this evidence: 1) A nearshore to intertidal environment during 

repeated progradations (regressions) following transgressions; 2) A slowly 

subsiding shallow-shelf environment swept by strong currents. 

At first glance the nearshore to intertidal hypothesis is appealing. In 

many ancient deposits well-sorted, coarse clastics are deposited nearshore and 

grade seaward into siltstone, mudstone, and limestone. Recent studies in the 

Gulf of Mexico indicate that post-glacial rise of sea level has resulted in re­

working of older regressive fluvial and barrier-lagoonal sands and muds, re­

distributing them in a similar seaward-fining sequence. However, exceptions 

to this ideal pattern of seaward decrease in grain size are known from recent 

studies of turbidity currents along continental margins. Shepard (1963, p. 259) 

believed that an outward decrease in grain size and sorting of sediments is rare 

in its occurrence and distribution at present, and probably requires a 
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protracted period of stillstand to develop. James D. Howard has also noted 

that individual progradational beach sands seldom exceed 50 feet in thickness, 

except near former inlets, whereas C. V. Campbell has noted that transgres­

si ve beach sediments are rarely more than ten feet thick, and commonly are 

thinner or even absent (Oaks, oral communication). Thompson (1937, p. 726-

747), McKee (1957b, p. 1706-1718), Potter (1967, p. 351-354), and Van De 

Graff (1969, p. 35) also report examples of ancient barrier beaches less 

than 50 feet thick, Vertical stacking of successive regressive and trans­

gressive beach sands with no associated shales over the entire miogeosyn­

cHnal shelf from Owens Valley, California, to Logan, Utah, would hardly 

be a reasonable explanation for these thick Middle Ordovician sands, al­

though locally such conditions may have occurred, especially during 

deposition of the lower and upper subunits of the Eureka Quartzite. 

Tidal flats and deltaic environments also are implausible for the 

environment of deposition of the Eureka Quartzite and upper member of the 

Swan Peak Formation Tidal and distributary channels are absent, and shales 

so often associated with both of these environments are absent (Van Straaten, 

1961; Klein, 1970). 

The rather constant characeristics of sedimentary structures, trace 

fossils, bedding thicknesses, grain sizes, and regional depositional character­

istics support a broad, shallow-shelf environment for the deposition of both 

the Eureka Quartzite and upper member of the Swan Peak Formation. Slow 

basinal subsidence during deposition probably explains the great thicknesses of 

these units. 


