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ABSTRACT

Wellsville Mountain is 10 miles west of Logan, Utah, at the
northern extremity of the Wasatch Range. Paleozoic rocks form a
northeast-dipping homocline bounded in part by northwest-trending
high~angle faults and cut by a series of northeast-trending high-
angle faults., A major transverse fault, with a stratigraphic dis-
placement of 4,500 feet, divides the mountain into two distinct
blockse

The rock units of the area are comparable to those of the Logan
quadrangle immediately to the east., Pre-~Cambrian rocks crop out in
Box Elder Canyon, just east of Brigham City, and are overlain by at
least 20,000 feet of northeast-dipping Paleozoic rocks of every period
except possibly the Permian. The Beirdneau sandstone member of the
Jefferson formation of Devonian age and the Leatham formation of Lower
Mississippian age are not recognized in the area. A new fauna, in the
Jefferson formation, is tentatively correlated with that of the upper
Devils Gate limestone of central Nevada. About 6,600 feet of the
Oquirrh formation of Pennsylvanian age is exposed near the northern
end of Wellsville Mountain. The presence of Desmoinesian fusulinids
at the base of the Oquirrh and upper Virgilian fusulinids throughout
the interval from 1,000 to 2,000 feet above its base indicates an ab-
sence of Lower Pennsylvanian rocks and suggests that the upper L,L00
feet may be in part Permian. lMesozoic rocks are not found in the
area, The Wasatch formation and Salt Lake group of Tertiary age crop
out in the foothills at the northern end of Wellsville Mountain.

Two fault systems are recognized in the area. The northeast-
trending high-angle transverse faults of Laramide age and the north-
west-trending high-angle bordering faults are Basin and Range age.



INTRODUCTION

Purpose and Scope
Wellsville Mountain occupies the extreme northern tip of the

Wasatch Range, Utah. The range is part of the Rocky Mountain system
referred to as the Middle Rocky Mountains and bounds the southwest
portion of the province (Figure 1). The geology of the Wasatch Range
and vicinity is rather complete from previous geologic investigations,
Almost all areas in the range have been mapped, excepting the northern
most extremity, Wellsville Mountain. Heretofore only reconnaissance
study and mapping of the area has been attempted.

The purpose of this study is twofold. First, to map and describe
the structure and stratigraphy of the area. Secondly, to describe
and correlate structural and stratigraphic relationships in Wellsville
Mountain to that of the surrounding area.

Location and Extent of the Area

The western boundary of the Wasatch Range forms the southwestern
boundary of the Middle Rocky Mountain physiographic province (Figure 1).
The northernmost extremity of the Wasatch Range, Wellsville Mountain,
is bordered by Cache Valley on the east, Bear River Valley on the west,
and the Junction Hills area and Malad Range on the north. All of these
areas are Basin and Range in structure. The southern boundary is U.S,
Highway 89«91 from Brigham City to Logan. Wellsville Mountain is a
narrow, rugged fault-mountain that trends north-northwest with a length

of nearly 20 miles and an average width of 3 to 5 miles.,
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Figure 1. Index map of northeastern Utah showing the location of
Wellsville Mountain and area studied.



The approximate geographical location of Wellsville Mountain is at
west longitude 112°00' and north latitude 11°35'. The geologic map of
this area includes 48 square miles and parts of four Utah quadrangles,
the western half of Mt. Pisgah quadrangle, eastern half of Brigham
City quadrangle, and the north-central parts of Willard and Mantua
quadrangles,

Previous Investigations

The Fortieth Parallel Survey led by King (1867-1877) made the
earliest geologic exploration in this general area, In 1871 the
Hayden Survey party made geologic observations while traveling through
Cache Valley on its way to Yellowstone Park (Hayden, 1872). Bradley
(1872, p. 189-271) observed and described the western face of Wells~
ville Mountain and examied the "Gates of the Bear River" enroute from
Ogden to Malad, Idaho. Geologists of the Green River Division under
Peale (1879, pp. 509-6L6), while studying the area from Logan Canyon
northward, described briefly the geology of the "Western Base of the
Wasateh" in 1877. Gilbert (1890, p. 159) described the Lake Bonne-
ville shore features on both sides of Wellsville Mountain and noted
the Tertiary deposits as being derived fram a lake older than Lake
Bonneville in the southern part of Cache Valley (1890, p.99). The
Cambrian rocks of the area were first studied and named by Walcott.

In 1908 he published his original Blacksmith Fork section (Walcott,
1908a). Later, Richardson (1913) published the first complete Paleo-
zoic section from his work in the Randolph Quadrangle, Utah. He named
and described several new formations including the Garden City lime-

stone, Swan Peak quartzite, Fish Haven dolomite, Laketown dolomite,

and the Brazer formation. Gilbert (1928), in his study of Basin and



Range structures, described the spurs' on the west side of Wellsville
Mountain and the "back valleys" which includes Dry Lake and Mantua
valleys. Gilbert describes them as graben structures. Eardley and
Hatch (1940, p. 811) measured and described a section of Brigham
quartzite in Baker Canyon (Antimony Canyon) in Wellsville Mountain
and studied the pre-Cambrian series in Box Elder Canyon. A come
plete and detailed Cambrian section was measured by Maxey (1941) in
Calls Fort Canyon near the northwest corner of the map area. The
structure and physiography of the north-central Wasatch Range was
published by Eardley (19L4L). An extensive study of the geology in
the area just north of Wellsville Mountain, the Malad Range, was
made by Hanson (1949) and Prammani (1957).

Field Work

The field work for this paper was done during the summer of 1957.
United States Forest Service aerial photographs (scale 1:20,000) were
carried in the field and the structural and stratigraphic detail was
j)lotted on them, For a base, the information was then transferred to
United States Geological Sruvey topographic quadrangle maps (scale
1:24,000). This eliminated errors due to distortion and parallax of
the photographs. The data were then traced on an overlay of the same
scale to complete the final map.

All formations in the succession from Ordovician to Pennsylvanian
inclusive were measured with the aid of a 100 foot steel tape and a
Brunton compass. True stratigraphic thicknesses of the sections were
calculated with the aid of Mertie's chart (19L47). Rock samples and
fossils were collected for study and identification in the laboratory.

Descriptive colors or rock samples were determined in the laboratory
with the rock color chart of the National Research Council.



PHY STOGRAPHY

Wellsville Mountain is a long, narrow, simple crested mountain
bordered by two broad, flat valleys--Cache Valley on the east and
Bear River Valley, a northern arm of Great Salt Lake Valley, on the
west. The mountain is, essentially, a typical fault-block Basin and
Range type structure (Plate 1B)., It has a length of over 20 miles
and an average width of 3 to 5 miles, increasing from south to north.
A major high-angle transverse fault divides the mountain into two
distinct blocks and crest levels (Plate 1A). The average relief of
the southern block is approximately 3,500 feet and the northern
block L,500 feet. The two highest peaks on the mountain, Wellsville
Cone and Willards Peak, rise to an.elevation 9,300 feet and 9,355
feet respectively directly west of the town of Wellsville, Utah,

The "Back Valleys", as described by Gilbert in 1928 as graben
type structures, include Dry Lake and Mantua valleys. Dry Lake Valley
is located between the southern part of Wellsville Mountain and the
Pisgah Hills (Plate 1A). Mantua Valley is to the south, just out of
the picture.

The rocks in the area are predominently limestone and dolomite,
with quartzite, shale, calcareous sandstone, and conglomerate. The
slopes on the west side of the mountain are considerably steeper and
more rugged than those of the east face and the vegetation is sparser.
The west side of the mountain is a sheer, rugged, cliff-like face with

almost no mantle (Plate 1B). This face is fundamentally controlled by



the Wasatch fault zone that fams the eastern confine of the Basin and
Range Province and extends along the base of the mountain. It has many
deep and precipitous canyons which are, for the most part, marked by
high-angle transverse faults that dissect the mountain. The east side
of the mountain is marked, essentially, by the dip of the strata. Vege=-
tation is more agbundant there because of the increased volume of mantle.
Vegetation on both sides of the mountain consists of sage brush at lower
elevations and on the foothills, and fir, mountain mahogany, and juniper
at higher elevations.

Wellsville Mountain boasts of no perennial streams. OSome 20
springs have been piped into the surrounding commnities for culinary
water supplies. In this respect the mountain plays an important role
in the lives of the inhabitants of these commnities. Larger communi-
ties thus served are, Brigham City, Honeyville, Deweyville, Collinston,
Cutler Dam, Mendon, and Wellsville. None of these springs, however,
affords a large enough discharge for irrigation purposes. The moun-
tain is high enough to support a substantial quantity of snow well
into the summer months to afford late season recharge to the springs.

Terraces of the Pleistocene Lake Bonneville are extremely well
developed and occur along both sides of the mountain in every locality,
except in the southeast margin of the map area where the topography
was well above the highest lake level, The terraces on the northern
end and east side of the mountain are under cultivation, producing
grain without irrigation,

Conspicuous glacial cirques are formed at higher elevations, north
of the map area, in four major canyons: Pine, Brush, Shumway, and Cold-

water Canyons (Beus, 1958). Glacial features found in Pine Canyon sug-
gests at least two stages of glaciation (Plate 2),



PLATE 2

View, looking down into cirque in Pine Canyon from the east show-
ing moraines. The town of Wellsville is at the mouth of the can-
yon, top center.
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STRATIGRAPHY

A spectacular and well-exposed Paleozoic stratigraphic section
crops out in the west-facing front of Wellsville Mountain., The
rocks range in age from pre-Cambrian to possibly Permian. The pre-
Cambrian rocks crop out on the southern end of the mountain in Box
Elder Canyon and are unmeasured in that area. The greater mass of
the mountain consists of a complete succession of Paleogoic rocks
comprising formations from every period except possibly the Permian—
an estimated stratigraphic thickmess of over 21,000 feet. There are
no Mesozoic sediments in Wellsville Mountain. Tertiary sediments
are répresented by the Salt Lake group and Wasatch group, which
crop out in the northern extremity and north-east side of the mountain,
The Tertiary formations were not measured and are, therefore, not included
in the stratigraphic thickness figure. However, these formations were
remapped and briefly described by Beus (1958). Tertiary deposits were
not recognized in the southern part of Wellsville Mountain,

Pre-~Cambrian Rocks

The pre-Cambrian rocks found in Wellsville Mountain are believed
to be part of the Big Cottonwood series of the Wasatch, Uintsh, Oquirrh,
and other ranges of northern Utah as defined by Hinds (1936, p. 53-136).
The single pre-Cambrian unit in this area crops out in Box Elder Canyon,
Just east of Brigham City, and passes beneath the alluvium northward in
a short distance. The outcrop was described by Eardley and Hatch (19L0,
p. 811). They reported two major series of pre-Cambrian strata-- an
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older series of gneisses, shists, metaquartzites, granites, and pegma-
tites, and a younger less metamorphosed series of quartzites and phyl-
lites that are either Lower Cambrian or Upper Proterozoic (p. 8L0).
Granger and Sharp (1952) tried to solve the pre-Cambrian series mystery
with their studies in the City Creek to Parleys Canyon area, Their
findings are the most up-to-date. They proposed four new terms to be
used in distinguishing units of the pre~Camnbrian rocks in that area.
The new term "Little Willow" series was proposed for the strongly
folded gneissic quartzites by Granger and Sharp (1952, pp. 3-6) to be
probably the equivalent to the Farmington Canyon Complex (Eardley and
Hatch, 1940, and Bell 1952), but they differ from it in containing
sbundant basic igneous rocks and no potash pegmatites. The intense
metamorphism of this sequence in contrast to the upper weakly meta-
morphosed formations suggests an age of older pre-~Cambrian, The upper
pre-Cambrian is divided into three new units. The lower unit of pink-
ish quartzites and blue-purple shales, which rest unconformably on the
Little Willow series, is given the name "Big Cottomwood" series., The
new term "Mutual Formation" was proposed to designate the youngest
upper pre-Cambrian rocks. The intervening member was given the term
"Mineral Fork Tillite." Granger and Sharp state that if it were not
for the presence of this tillite member it would be almost impossible
to distinguish between the lower Big Cottonwood series and upper Mutual
formation because they were deposited in like enviromments,

It is believed by the writer that the outcrop in Box Elder Canyon
may possibly be the equivalent of the upper most pre-Cambrim, the
Mutual formation, becamse of the abundance of quartzites and phyllites,

However, the contact between the Brigham quartzite and the underlying
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pre-Cambrian series has been in question and is as yet, ummarked. No
new evidence has been found by the writer to reveal such a division
between the two units. The dashed line representing the contact be-
tween the Brigham quartzite and the pre-Cambrian series (geologic map
in the envelope) is only an arbitrary one and an approximation of that
boundary.

Cambrian System

The rocks of the Cambrian system on Wellsville Mountain have ex=-
cellent exposures and probably constitute one of the most complete
sections anywhere in Utah, The following Cambrian formations are ex-
posed in the area: Brigham, Langston, Ute, Blécksmith, Bloomington,
Nounan, and St. Charles. The white dolomites of the Blacksmith and
St. Charles formations afford excellent stratigraphic markers for
easy recognition of the other Cambrian formations. The observer,
driving north from Brigham City on Highway 69, can easily identify the
Cambrizn stratigraphy by using the geologic map (in envelope) in con-
junction with Plates 3, 5, and 8.

In 1908 Walcott named the Cambrian formations and published his
original Blacksmith Fork section (Walcott, 1908b). In a later paper
of that same year he defined the new formations and their type local-
ities (Walcott, 1908a). Richardson in 1913 studied the Cambrian
stratigraphy in the Randolph Quadrangle and published a measured
section (1913, p. L06-L408). He retained Walcott's original Blacksmith
Fork formational names in his section. In addition, he defined two
new members and gave them names, The basal shale member of the Bloom-
ington formation he named the "Hodges Shale," and the basal quartzite

member of the St. Charles formation he called the "Worm Creek" quartzite.



PLATE 3

(A) Transverse fault in Antimony Canyon, west side of
mountain, <b, Brigham Qtz.; €1, Langston; €u, Ute;
€bl, Blacksmithj €bo, Bloomington; €n, Nounanj €sc,
St. Charles; Ogc, Garden City; Osp, Swan Peaks and
Ofh, Fish Haven

(B) Antimony Canyon transverse fault on east side of
the mountain passing through Dry Lake in right
foreground,

13
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Maxey (1941) made a thorough and detailed study of the Cambrian strati-
graphy in this area and measured a section 6,500 feet thick in Calls Fort
Canyon on the west side of Wellsville Mountain., Because of his thorough
and up~to-date work on the Cambrisn stratigraphy the formations therein
were not remeasured and will only be described briefly in the following
paragraphs,

Brigham Formation

Walcott (1908a, p. 8) defined the Brigham quartzite in the west face
of Wellsville Mountain as the type locality of that formation. He des-
cribed the Brigham as massive guartzitic sandstone. The Brigham quartzite
in his original Blacksmith Fork Canyon section was also described as greenish
quartzitic sandstone. Eardley and Hatch (1940, p. 811) measured the most
coﬁplete section of Brigham Quartzite in what they called Baker Canyon in
Wellsville Mountain (p. 809). However, the Brigham quartzite does not
crop out in the canyon designated as Baker Canyon on the latest U.S.G.S,
Brigham City quadrangle map, It is believed that Eardley and Hatch mea-
sured their section in one of the canyons south of Baker Canyon, either
Antimony Canyon or Hanson Canyon, as the exposures there are excellent.
They described 1,775 feet of the formation as consisting of gray, pink,
brown, and greenish-brown quartzites. The base of the succession is not
exposed and the contact between the underlying pre-Cambrian phyllites
and the Brigham quartzite in Box Elder Canyon is, therefore, undefined.
The total thickness of the Brigham cuartzite is not known.

Williams (1948, p. 1132) in his study of the Logan cuadrangle,
suggests that the age of the Brigham cuartzite is older than earliest
Middle Cambrian. This determination is based upon the age of the

fauna collected from the overlying Langston formation (Williams and
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Maxey, 1941). Williams suggests Early Cambrian (Waucobian) foir the age
of the Brigham quartzite. The Tintic quartzite of the central Wasatch
Range and east Tintic Mountains, south of the Oquirrh Range, is reported
to be the equivalent of the Brigham cquartzite in this area (Crittenden-
Sharp-Calkins, 1952).

The upper 250 feet of the Brigham quartzite is a conspicuous reddish-
brown to maroon color and is easily distinguished in the field from the
lighter quartzites of the lower succession (Plate 3A).

Langston Formation

The Langston formation also was named by Walcott (1908a, p. ). The
type locality is Blacksmith Fork Camnyon, Bear River Range, Utah, He des-
cribed the formation as consisting of two units, a lower massive, bluish-
gray limestone and an upper massive, dark arenaceous limestone with cal-
careous gray sandstone in the basal portion. The Spence shale was then
included as the basal member of the Ute formation. Diess (1938, p. 1116)
studied the type locality of the Langston formation and found that the
shale beds of the Ute formation could not be correlated with the Spence
shale of Idahoj Walcott's type section of the Spence shale (Walcott,
1908a, p. 8). Later, in 1939, Resser at Two Mile Canyon near Malad, Idaho,
described Walcott's section of the Cambrian just above the Brigham quartzite
as consisting of 6 feet of limestone containing the distinctive Ptarmigania
fauna with 155 feet of dark gray limestone and dark argillaceous shale con-
taining the characteristic Spence shale fauna (Resser, 1939, p. 10).

Maxey (1941) measured and defined 310 feet of the Langston formation
in Calls Fort Canyon as consisting of three members. The lower member
comprising 50 feet of the Ptarmigania limestone, the middle 175 feet of

silty limestone and shale as the Spence shale member, and the upper 110
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foot member as buff-brown dolomite and silty limestone. The age of the
formation, as stated above, is earliest Middle Cambrian.

A characteristic feature of the Langston formation is the occurrence
of columnar structures in the basal 20 feet of the upper 110 foot member
which can be traced northward at this same horizon through several can-
yons (Plate L4). They can be observed on the north side of Antimony Can-
yon, just east of the mine dump, three miles north of Brigham City on
Highway 69. The columns are six to eight inches in diameter and the
larger ones are three to four feet in length composed almost entirely
of gray limestone.

According to Clyde T. Hardy and J. Stewart Williams (personal com-
munication) the columnar structures are a type of contemporaneous defor-
mation., The interpretsation by Hardy and Williams is as follows:

Strata overlying groups of columns are arched upward

slightly and those over the intervening undisturbed areas

are depressed slightly. This relationship suggests that

downward movement in the intervening areas may have caused

material of the basal mobile layer to rise at numerous loci

in such a way that the immediately overlying silty layer

was thinned above each. As this effect extended upward,

successive overlying limy layers were forced together and

columnar structures resulted.

Ute Formation

The type locality of the Ute formation is in Blacksmith Fork Canyon,
Cache Valley, Utan, defined by Walcott (1908). Maxey (1941) studied and
measured the Ute formation in Calls Fort Canyon in Wellsville Mountain
describing 6L5 feet of thin-bedded alternating sandy limestone and shale
beds, the sand content increasing upward until the uppermost unit becomes
a calcareous sandstone. The average thickness of the limestone layers is
50 feet and the shale layers 15 feet. The Ute formation consists of light-

to dark-grsy limestone, gray calcareous sandstone and t.ea-gréen shale.



PLATE |,
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Vertical columnar structures in the Langston formation, just
mine dump in Antimony Canyon.

above



18
Conspicuous laminae of fine sand and silt separate the limestone layers.
The partings weather in relief in colors of brown to orange-tan.

The Ute formation is conformable with the Langston formation below
and the Blacksmith sandy dolomite beds above (Maxey, 1941). It contains
an early Middle Cambrian fauna (Willisms and Maxey, 1941). The Ute is
the oldest formation cuteropping in the southern Malad Range, just north
of Wellsville Mountain.

Blacksmith Formation

The Blacksmith formation is a uniform lithologic unit. Walcott (1908a)
first named and described the formation in his original Blacksmith Fork sec-
tion, its type locality. Omn the west-facing front of Wellsville Mountain,
where the Cambrian section is so spectacularly exposed, the Blacksmith for-
mation is an excellent stratigraphic marker with its high cliffs charac-
teristically banded in two shades of c¢ray, weathering light-gray, almost
white. The Blacksmith formation is almost everywhere a bold cliff-maker
vwhich is easily distinguished from the less resistant Ute formation below
and the Hodges shsle member of the basal Bloomington formation above,

The Blacksmith dolomite is only LS50 feet thick at its type locality
in Blacksmith Fork Canyon, It is 805 feet thick in Maxey's (1941) Calls
Fort Canyon section where it consists of massive dolomite and dolomitie
limestone. The dolomite is light neutral gray to dark neutral gray, com-
pact to medium crystalline, with some oolitic layers. The dolomitic lime=~
stone layers exist in the upper one-fourth of the formation., No fossils
have been found in the Blacksmith formation, but it must be of Middle
Cambrian age since it occurs between units containing Middle Cambrian
fossils.

Bloamington Formation
Walcott (1908a) named the Bloomington formation for exposures near the
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town of Bloomington, Bear Lake County, Idaho. He described it as consist-
ing of "bluish-gray, more or less thin-bedded limestones and argillaceous
shales." Richardson (1913, p. LO6) differentiated the lower shale unit
of the formation, designating it the Hodges shale member, after Hodges
Creek wrich enters Bear Lake south of Garden City, Utsh. Maxey (1941),
in his Calls Fort section, reported the Bloomington formation as consist-
ing of 1,055 feet of thin-bedded gray limestones and tawny-olive shales.
It includes three units as follows: (1) a 300 foot baszl shale unit
(Hodges shale) consisting of tawny-clive shale with a few interbedded
layers of light- to dark-gray limestone, (2) a 500 foot middle limestone
unit of thin~ to thick-bedded, light- to dark-gray limestone which weathers
to thin light gray plates, partly arenaceous, and (3) a 165 foot upper unit
strikingly similar to the lHodges shale member except for an increased pro=-
portion of shale. The Bloomington formation is characteristically a slope
former.

A conspicuous marker in the middle limestone unit is a thinly lamin-
ated limestone bed. The laminae are very fine and alternate in color
from light- to dark-gray on weathered surfaces, which gives the limestone
a2 banded appearance,

The Bloomington formation is conformable with the underlying Black-
smith formation., There is a sharp boundary that separates the upper
Bloomington limestone from the lower Nounan dolomite. Richardson and
Walcott both report Middle Cambrian fossils from the Bloomington for-
mation in the Randolph Quadrangle, Utah.

Nounen Formation

The Nounan formation was named by Walcott (1908a) for its occurrence
west of the town of Nounan, Bear Lake County, Idaho. He assigned it to

the Middle Cambrian. At the type locality the Nounamn is 950 feet thick.
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Maxey (1941) measured a section on the north side of Calls Fort Canyon
in Wellsville Mountain and reported the Nounan formation as consisting of
825 feet of mostly light-gray, fine]y\crystalline, compact, thin-bedded
dolomite. The upper third of the formation consists of light-gray dolo-
mite interbedded with thick layers of dark-gray, argillaceous, thin-bedded
limestone. The Nounan is predominantly a cliff-maker in the area. A pro=-
minent, massive ledge crops out on the north side of Calls Fort Canyon.

The confines of the Nounan formation are easily recognized with the
upper medium-gray limestone member against the buff colored basal quart-
zite of the St. Charles formation (Worm Creek) and the sharp contact of
limestone against dolomite at the base. Hanson (19L9) measured 1,L08
feet of the Nounan formation in Clarkston Mountain, southern Malad Range,
Utsh., Hanson reports the upper part of the Nounan formation in Clarkston
Mountain is early Late Cambrian and the lower dolomite member is thought
to be latest Middle Cambrian or earliest Late Cambrian.

St. Charles Formation

The uppermost Cambrian formation was named by Walcott (1908a) for its
occurrence vest of the town of St. Charles, Bear Lake County, Idaho, but
the published section was measured in Blacksmith Fork Canyon and found to
be 1,225 feet thick. He described the formation as "bluish-gray to gray
arenaceous limestone, with some cherty and concretionary layers, passing
at the base into thin-bedded gray to brown sandstones." Richardson (1913,
p. UOB) differentiated the basal quartzite member as the Worm Creek gquart-
zite. The St. Charles formation is a conspicuous light-gray (white) strat-
igraphic marker in the west-facing front of Wellsville Mountain. It can be
traced northward from the south side of Antimony Canmyon, second large can-

yon north of Brigham City, to Coldwater Canyon east of Homeyville (Plate 5).
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The St. Charles formation (Maxey, 1941) consists of a basal quart-
zite member, the Worm Creek, a middle member of thin-bedded limestones,
and an upper member of massive dark-gray dolomite that weathers almost
white and forms impassable cliffs and ledges. The middle 105 foot
limestone member i8 a distinct and characteristic marker of the St.
Charles with its rhythmic bands of siltstone that weather in relief,
Haynie (1957) describes this member as the "crinkly" limestones. It
consists of calcareous siltstone or sandy limestone with some cross-
bedding. The siltstone partings are spproximately 5 mm. thick and are
spaced from 1 to 2 cm., apart. The laminations give the limestone a
erinkly appearance. The upper dolomite member of the St. Charles for-
mation is characterized by the presence of elongate chert nodules
1 inch to 1 foot in length and 1 inch thick aligned with the bedding-
planes. This dolomite member is banded darker and lighter shades of
gray near the top. Maxey reported the St. Charles formation to be 1,130
feet thick in Calls Fort Canyon, and the fauna of the St. Charles for-
mation as upper Cambrian (Croixisn) in age.

Ordovician System

The Ordovician éystem in Wellsville Mountain is represented by
three formations with a stratigraphic thickness of 2,225 feet. Richard-
son (1913, p. 408) named and described these formations in his study of
the Randolph quadrangle, Idaho., The oldest of these formations is the
Garden City limestone containing a Beekmantown fauna. The age of this
fauna ranges from earliest Ordovician to early Chazyan. The over-
lying Swan Peak formation is composed of a lower shaly, sandy, and in
part calcareous member succeeded by vitreous quartzite., This formation



Aerial view of west-facing front looking east., Shows high-angle transverse
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contains the Chazyan fauna which is early Middle Ordovician. The upper-
most of the three formations is the Fish Haven dolomite consisting of
massive, dark-gray, coarsely crystalline dolomite with abundant corals.
According to Richardson the Fish Haven is characterized by the Richmond
fauna which is upper Ordovician (Cincinnatian) age. A more detailed
study of the Garden City limestone in northeastern Utah was made by Ross
in 1951. He divided the formation into ﬁo members as follows: (1) a
lower member of intraformational limestone conglomerate, crystalline
limestone, and muddy limestone, and (2) an upper member of dolomitic
limestone containing nodules and layers of chert. Ross described 12
trilobite faunal zones within the Garden City fomation.

The three members of the Ordovician system were measured and described
in Wellsville Mountain by the writer and his companion, Stanley S. Beus,
The Ordovician system is well-exposed in this area (Plate 5), The re~
sistant, vitreous quartzites of the Swan Peak formation afford an excellent
stratigraphic marker. The system crops out in the south wall of- Coldwater
Canyon east of Honeyville, and extends southward transversing the range
at the head of Baker Canyon, through the Dry Lake area, Pisgah Hills, and
Mantua Valley.

Garden City Limestone

Richardson (1913, p. LO8) named the Garden City limestone from Garden
City Canyon, a tributary of Bear Lake, in Bear Lake County, Idaho, He
characterized the formation as consisting of thick-~ to thin-bedded gray
limestone with a conspicuous limestone conglomerate or breccias., Deiss
(1938, p. 1123) described the Garden City formation in a remeasured
section of Walcott's, in Blacksmith Fork Canyon, in 1937. On a faunal

basis, Deiss found that 777 feet of the basal limestone of the Garden
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City formation was mistakenly assigned to the lower St. Charles formation
by Walcott. The exact boundary between the Ordovician Garden City and the
Upper Cambrian St. Charles is not knowm, but is arbitrarily drawn at the
base of the lowest limestone unit of the Garden City which contains Fene-
strellids (Deiss, 1938, p. 1123).

Williams (1948, p. 1135) in his study of the Logan quadrangle,
measured 1,400 feet of the Garden City in Green Canyon, Cache Valley,
Utsh. Hanson (1949) described 1,805 feet of the Garden City lime-
stone in the southern Malad Range, just north of Wellsville Mountain.

In 1951 (p. 7~9), Ross studied the Garden City limestone and divided
it into two members, the lower two-thirds consisting of numerous alter-
nations of interbedded intraformational limestone conglomerate,
crystalline, aphanitic, and muddy limestones with some siltstones,

The upper member is recognized by the abundance of black chert nodules
and stringers that are roughly parallel to the laminse of the crypto-
crystalline limestones and dolomites. The discovery of a remarkably
well-preserved silicified trilobite fauna permitted Ross to establish
12 faunal zones within the formation. This made possible the corre-
lation of the Garden City limestone with the Pogonip limestone of
Nevada, The age of most of the Garden City limestone was found to be
lower Ordovician with the uppermost beds earliest Middle Ordovician.

The Garden City formation in Wellsville Mountain almost every-
where forms colossal cliffs of medium-gray limestone. It has a thick-
ness of 1,698 feet consisting of mostly medium-gray, finely crystalline,
thick- to medium-bedded limestone and dolomitic limestone with intra-

formational conglomerates and muddy limestone and silt partings that
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weather in relief at the base of the formation. Black chert nodules
and stringers, from one to ten inches thick, comprise almost 50 per-
cent of the rock approximately 175 feet from the top of the formation.
The upper 150 feet grades into dark-gray, coarsely crystalline dolomite
and dolomitic limestone., The lower segment of the Garden City lime-
stone is characterized by a strikingly rhythmic unit of altermating
18-inch layers of finely crystalline, medium-gray limestone and shaly
limestone containing silt partings or laminae, The silt partings
weather in relief and measure one-eighth to one-half inch thick. Some
chert stringers are present im this unit. In this area, the Garden City
formation is easily differentiated from the dolomite of the St. Charles
formation below and the fuscous black shales and red quartzites of the

Swan Peak formation above.

A complete section of the Ordovician system including the Garden
City limestone, Swan Peak quartzite, and Fish Haven dolomite was
measured on the major ridge between Cottonwood and Precipice Canyons,
1 mile south and 15 miles east of Honeyville, Utah, in section 3,
Township 10 north, Range 2 west. This ridge affords the single
accesgible section of the Garden City limestone in this area,

Garden City Limestone

Unit Thickness
(feet)

6. Dolomite and dolomitic limestone, dark gray,
medium- to thick-bedded, weathers dark gray to
olive gray. Upper part coarsely crystalline ., oy 149

5. Limestone, medium gray, finely crystalline,
thick-bedded, Contains black chert nodules
and stringers from one to ten inches thick
comprising 50 percent of the rock in the
1ower halr L] L ] L] ® ( 3 & . L] L K3 L] L4 157
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4. Limestone, medium gray, finely crystalline, inter-
bedded with muddy limestone containing silt partings
which weather in relief to a light yellow-brownj; beds
six inches to two feet thick. Chert nodules rare;
Torms blocky onterops &+ & e e el e e wie 334

3. Limestone and intraformational conglomerate, medium
gray, finely crystalline. Alternating beds of muddy
and silty limestone in beds one to five feet thick.
Muddy limestone beds weather medium light gray to
grayish-yellow. One-eighth to one-half inch silt
partings weather in relief, some chert nodules one
botwo inches thiok. &« & 2 s e e s e e e 1008

2. Limestone, medium gray, finely crystalline, medium-
bedded. Alternating 18 inch beds of limestone and
shaly or silty limestone with % inch silt partings
that stand in relief; some chert nodules one to two

inches in diameter . . . s . . . . . . . SO

1. Muddy limestone, medium gray, one to two inch beds,
Weathers gra:y’ish‘yenow. . - ] - . ® . » ) 3
Total 1,698

Swan Peak Quartzite

Richardson (1913, p. L409) described and named the Swan Peak quartzite
for its exposures on Swan Peak in the Bear River Range, Utah, 1% miles
south of the Idaho boundary. He reports 500 feet of the formation consist-
ing of "fine-textured, massive- to thin-bedded, white-to-gray quartzite,
which is apparently conformable with the Garden City limestone below."
Williams (1948, p. 1136) was the first to recognize the existence of three
characteristic units within the formation in his study of the lLogan quad-
rangle, The lower unit consists of fuscous black shales with widely ine
terspersed beds of bluish-brown sandy limestonej the middle unit consists

of brown quartzite with strongly marked beds of fucoidal structures; and
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the upper unit is composed of thick-~bedded buff quartzite. Williems
section in Green Canyon measured 339 feet thick. Hanson (1949, p. LL)
measured 606 feet of the Swan Peak formation in the Malad Range, north
of Wellsville Mountain, The upper massive quartzites are absent in
Blacksmith Fork Cenyon, only the basal shales and sandy members are
present, This suggests a thickening of the formation westward and a
pronounced unconformity between the Swan Peak quartzite and the over-
lying Fish Haven dolamite.

The sequence of the three separate units, found by Williams in
Green Canyon, was recognized in Wellsville Mountain. The Swan Pezk
quartzite is 427 feet thick in this area. The lower unit consists of
fuscous black shales and quartzitic sandstone, silty in part; the
middle unit displays brown to grayish-green quartzite with abundant
fucoidal markings; and the uppermost unit consisting of massive, vitreous
orange-pink quartzite containing ripple marks, The Swan Peak quartzite
is assigned to Middle Ordovician (Champlainian) age (Williams, 1948).

The Swan Peak formation, with its characteristic reddish-brown
color and well-indurated resistant beds of quartzite, affords an
excellent stratigraphic marker that can be easily identified and traced
along the west-facing front of Wellsville Mountain.

The Swan Peak gquartzite was measured immediately above the Garden
City limestone at the same locality described above on the ridge be-
tween Cottonwood and Precipice Canyons.

Swan Peak Quartzite

Unit Thickness
(feet)

7. Quartzite, white to grayish-orange-pink, finely
crystalline, vitreous luster, thick-bedded. Forms
rugged blocky outcrops, abundant ripple marks . . . 191
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6. Quartzite, grayish-red-purple to dusky-red, finely
crystalline, forms blocky outcrops of one to two
foot beds marked with white bands one to two inches
thick. Contains four beds of grgyish-green shale
about three inches thick at intervals. Abundant
focoldal WIPRINES: 1 s Vel e la et Ugt U Uiy 26

5. Quartzite, brown to grayish-green with white bands
and abundant fucoidal markings . . o Sge e i 5§

L. Quartzite, light brown, finely crystalline, inter-
bedded with one foot beds of very fine black flakey
&ale L - . L] L L] ® * * - L L h3

3. Shale, dark gray, weathers light olive-brown to
green, scme beds weather grayish-black. Contains
stringers and nodules of limestone which weather
inrelief. & wllwlie R SRR b Lt 72

2. ©Shale, weak, greenish-black to fuscous black, forms
even slopes, weathers brown . .« .« + o+ o . 15

1. Quartzitic sandstone, silty in part, olive brown
to grayish-green to dusky red, finely crystalline,
thin-bedded, crumbly, same banding and cross-bedding
in sandy members. The basal ten feet contains beds
of fuscous black flakey shale; fossiliferous . . . 78

Total 136

The lower 78 feet of quartzitic sandstone and shale contain
well-preserved fossils, The writer collected the following from
the formation in the measured section area:

Unidentified trilobites

Gastropods

Orthis sp.

Didymograptus sp.

Orthambonites swanensis Ulrich and Copper

Orthambonites michaelis Clark

Elutherocentrus petersoni Clark
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Fish Haven Dolomite

The name, Fish Haven dolomite, was derived from Fish Haven Creek
which enters Bear Lake, Idaho, about 2 miles north of the Utah State
line, by Richardson (1913, p. L10). He defined it as a fine~-textured,
medium~bedded, dark-gray to blue-black dolomite 500 feet thick, which
contains the widespread Richmond fauna. The Fish Haven dolomite unconform-
ably overlies the Swan Peak quartzite end contrasts sharply with the latter
in both composition and color (Plate 6). The Fish Haven dolomite is a
uniform and consistent lithic unit throughout northern Utah, consisting
of thick-bedded, dark-gray, medium crystalline dolomite.

West of Richardson's 500 foot section near Bear Lake, Idaho, Williams
measured 140 feet of the Fish Haven dolomite in Green Canyon (1948, p. 1137).
In the southern Malad Range it has a thickness of only 50 feet (Hanson,
1949). The Fish Haven formation in Wellsville Mountsin is also 1.0 feet
thiek 2nd consists of a fetid, dark-gray, coarsely crystalline, fossili-
ferous, massive dolomite which has been assigned to middle Upper Ordovi-
cian age (Cincinnatian or Richmondian). The Bighorn dolomite of Montana
and Wyoming is similar in lithology and is believed to be the equivalent

of the Fish Haven dolomite in this area.

The Fish Haven dolomite was measured immediately above the Swan Peak
quartzite at the same locality described above on the ridge between Cot-
tonwood and Precipice Canyons.

Fish Haven Dolomite

Unit Thickness
(feet)

1. Dolomite, dark gray, coarsely crystalline, massive,
contalna sbundant coralsy fedid o v v e e W a 1Lo

Total 140



PLATE 6

e

Sharp contact between Fish Haven
(Ofh), upper left-hand corner, and
Swan Peak quartzite (Osp) in Precipice
Canyon. Fish Haven dolomite pushed
over Swan Peak quartzite, top center.

30
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The following fossils were collected from the Fish Haven dolomite
in Wellsville Mountain in the measured section locality:

sponges
rugose corals

Paléofavosities prolificus Billings

Calapoecia cf. O. canadensis Billings

Halysites sp.

Silurian System

The single Silurian formmation in Wellsville Mountain is the
Laketown dolomite, named by Richardson (1913, p. L10). The formation
was named for exposures in Laketown Canyon, L miles southeast of Lake-
town in the Ramndolph quadrangle, Bear Lake County, Idaho. Richardson
describes the formation as consisting of a massive light-gray to
whitish dolomite, containing lenses of calcareous sandstone and
having a thickness of over 1,000 feet. Williams (1948, p. 1138)
recognized three members of the lLaketown in Creen Canyon as follows:
(1) a lower light-gray dolomite, (2) the middle dark-gray dolomite,
and (3) the upper light-gray dolomite. The foarmation is 1,510 feet
thick at this locality. Hamson (1949, p. L9) reports an estimated
thickness of over 2,000 feet for the Laketown in the southern Malad
range,
Laketown Dolomite

The Laketown dolomite in Wellsville Mountain overlies the Fish Haven
dolomite with no conspicuous lithologic change. Williams (1543, p. 1137)
suggests that even though there is no noticeable angular discordance be-
tween the Fish Haven and Laketown dolomites, there is obviously a hiatus

representing considerable time. No new evidence has been found by the
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writer to determmine the exact contact, but a tentative boundary was ap-
proximated in the well-exposed outcrop in Cottonwood Canyon where the
section was measured (Plate 7). The Laketown formation has been es-
tablished as Niagaran (Middle Silurian) in age on the basis of fossils.
No identifiable fossils were found in the Laketown dolamite in Wells-
ville Mountain.

The Laketown dolomite, from the lower tentative boundary to the
disconformable contact between the top of the formation and the Water
Canyon formation of Lower Devonian age, was measured and found to be
1,600 feet thick in this area. It consists of a lower alternating
light and dark-gray dolomite member and an upper massive, medium-gray
dolomite member., The Laketown is massive to medium-bedded, coarse to
finely crystalline dolomite with characteristic dolomite crystals on
weathered surfaces. The alternating light and dark-gray dolomites of
the lower member are conspicuous and affords a minor stratigraphic
marker (Plate 7).

A well-exposed section of the Laketown formation was measured in
Cottonwood Canyon along the major spur forming the north wall of the
canyon. Cottonwood Csnyon is located 13 miles east of Honeyville,
Utah, and the section was measured in section 3, Township 10 North,
Range 2 West. Measurements began with the lower tentative contact
between the Fish Haven and Laketown formations and continued up the
crest to the contact of the overlying Water Canyon formation.

Laketown Dolomite

Unit Thickness
(feet)

1l. Dolomite, medium gray, weathers very light gray,
medium~bedded, thin sandy laminae form on weathered
surfaces; upper 50 feet includes some medium gray
weathering beds containing calcite nodules . 5 5 5 369

10, Dolomite, medium dark gray, medium-bedded, finely
crystalline, weathers with dolomite crystals on
surfaces; contains some white chert nodules. . . . 37
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PLATE 7

Dark and light beds at the base of the Lake-
town dolomite in Cottonwood Canyon. Tenta-
tive boundary between Laketown and Fish
Haven formations in lower right corner.
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Dolomite, medium light gray, thick-bedded to massive,
weathers medium dark gray, coarsely crystalline,
dolomite crystals on weathered surfaces. . . . 34

Dolomite, dark gray, medium-to thick-bedded, weathers
medium dark gray, contains fine threads and flecks of
shite dolimibe ‘s " o . wtnlile e TSNS, w 0N

Dolomite, medium light gray, massive, weathers light

gray, coarsely crystalline, weathers with dolomite

cerystals on the surfaces; contains some chert nodules,

forms steep vugped cliffa ., . . L. o g e g 367

Dolamite, dark gray, medium- to thick-bedded becomes

massive at the top, weathers medium gray, coarse to

finely crystalline, dolomite crystals on weathered

surfaces, corals sbundant in lower 20 feet . . . . 513

Dolomite, medium beds of altermating light and dark

gray color giving a distinct banded appearance,

coarse to finely crystalline, dolomite crystals on

weathered surfaces, conmtains same rugose corals. . . L2

Dolomite, light gray, crystalline, massive . . . . 31

Dolomite, altermating beds of dark and light gray

one to three feet thick thining near the top gives

a banded sppearance, crystalline, dolomite crystals

on weathered surfaces. . . . . . e 83

Dolomite, dark gray, massive, crystalline, contains
some chert nodules one- to two~inches thick . . . 17

Dolomite, medium light grgy, crystalline, dolomite

crystals on weathered surfaces, a single thick bed

sharply defined by darker colored beds and planes of

deposition at the top and bottom « . . « .« . 7.8

Total 1,60L.5
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Devonian System

The Devonian rocks in Wellsville Mountain are well-exposed and
represented by 1,400 feet of lower and upper Devonian formations
consisting of mostly dark-gray dolomites, limestones, and sandstones.
The Water Canyon formation is Lower Devonien sge and the Jefferson
formation is Upper Devonian age. In the Logan quadrangle, immediately
to the east studied by J. Stewart Williams (1948, p. 1138), the
Devonian strata are reported to be 2,000 feet thick. In central Idaho,
Ross (193L, pp. 960-966) reported the Upper Devonian alone as being
over 3,000 feet thick and divisible into three members as follows:

(1) The Jefferson dolomite below, (2) the Grand View dolomite in the
middle, and (3) the Three Forks limestone at the top. In Western Utah
and Nevada, limestones and dolomites of Middle and Upper Devonian age
are severzl thousand feet thick. Merriam (19LO), in central Nevada,
divides the Devonian age and the Devils Gate formation of Upper Devonian
age.

The Lower Devonian Water Canyon formation, with its upper member
of white dolomite, affords a conspicuous stratigraphic marker that
can easily be traced on both sides of Wellsville Mountain (Plate 8).
The Upper Devonian Jefferson formation is difficult to distinguish
from the overlying Lodgepole limestone, of Mississippian age, other
than by field examination. The Jefferson is 850 feet thick, two
miles north of the map area in Coldwater Canyon, directly east of
Honeyville, Utash, and thins rapidly southward.

Water Canyon Formation

Williams (1948, p. 1139) named the Lower Devonian Water Canyon
formation from a tributary of Green Canyon, two miles north of Logan



PLATE 8

Middle Paleozoic section on the north side of Calls Fort
Canyon. Ogec, Garden Citys Osp, Swan Peak; Ofh, Fish
Haveny S1, Laketown; Dwe, Water Canyon; Dj, Jeffersonj;
M1, Lodgepole; and Mb, Brager.

(B) Middle Paleozoic section in same canyon showing close-
up of Jefferson-Lodgepole-Brazer contacts. Explana~
tion same as above.
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in the Bear River Range. He reports the formation as consisting of two
members as follows: (1) a lower member of thin-bedded silty and sandy
dolomite that weathers buff, and (2) an upper member of sandy dolomite,
dolomitic sandstone, and sandstone intraformational breccia. The upper
member, as described by Williams, is not recognized in Wellsville Moun-
tain,

The Water Canyon formation was found to be 555 feet thick in a
measured section in this area. It consists of two distinct units,
according to color and sand content, as follows: (1) a lower 290
feet unit of medium-gray dolomitic sandstone that weathers yellowish-
gray to fawn, and (2) an upper 265 foot unit of medium-dark-gray,
medium~bedded colomite that weathers light gray to white (Plate 8).

The Upper Devonian Jefferson formation overlies the Water Canyon for-
mation without angular discordance; however, the intraformational
breccia member reported by Williams is absent in this area suggesting
an unconformity. Unidentified fossil fish fragments were taken from
both units of the Water Canyon formation on a dip-slope 2 miles north
of Dry Lake on the south side of Stoddard Canyon.

Bryant (1932) compared the fish fauna of the Water Camyon in
northeastern Utah to that of the Bear Tooth Butte formation of Wyoming
and concluded that both are early Devonian age. Denison (1952, 1953),
in his studies of the Dewonian fossil fish, reports the same age.

A complete section of the Devonian strata was measured on the south
side of Coldwater Canyon, just east of Honeyville, Utah, in section 3L,
Township 11 North, Range 2 West. The Water Canyon and Jefferson for-

mations were measured alcng a small ridge north of the south wall of
~ Coldwater Canyon.
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L. Dolomite, medium gray, medium- to thick-bedded, sandy
and silty, sand and silt partings prominent in some
beds. . . . . . . . » . . . ° - 86

3. Dolomite, dark gray, thinebedded, silty, with fine silt
bands prominent, some beds medium dark gray . . o . 88

2. Dolomite, medium dark gray, weathers yellowish-gray to
fawn, thin~ to medium~bedded, silty, slightly darker

gray above first ten feet . v . i LR S g 32

1. Dolomitic sandstone, medium light gray, weathers
yellowish-gray to fawn, medium-bedded, fine-grained . . 60
Total 555

Jefferson Formation

Upper Devonian rocks are widely distributed throughout the Cordil-
leran geosyncline. Equivalents of the Jefferson occur from Canada south-
ward to California. Peale (1895, p. 27) described the type locality of
the Jefferson formation for exposures at Three Forks, Montana. Williams
(1948, p. 1139) divides the Jefferson into two members and names them as
follows: (1) the lower Hyrum dolomite, and (2) the upper Beirdneau sand-
stone. The Hyrum member which consists of black dolomite and limestone
was named for exposures near Hyrum, Utah, in Blacksmith Fork Canyon., The
Beirdne:u sandstone member was named for exposures around Beirdneau Peak,
north of Logan Canyon. It consists of buff-weathering sandstone and is
probably the ecuivalent of the Three Forks formation in Montana,

The Hyrum dolomite member or its equivalent, as described by
Williams, is present in Wellsville Mountain., FHowever, the Beirdneau
sandstore member was not recognized and is believed to be absent. The
Leatham formation, described by Holland (1952), is also absent, In

this area the Jefferson formation thins southward from 850 feet in
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Coldwater Canyon east of Honeyville, to approximately 50 feet at the
hesd of Moss Rock Canyom. The Jefferson was not identified on the
east side of the mountain. There the overlying Lodgepole limestone, of
Mississippian age, rests unconformably on the Lower Devonian Water
Canyon formation. The Jefferson-Lodgepole conmtact is without angular
discordance and gppears to be gradational. However, it suggests an
erosional unconformity of considerable time lapse beceause of the great
variation in thickness in a short distance.

The Jefferson formation on the west side of Wellsville Mountain
consists of dark-gray dolomite, sandy dolomite, quartgzite, =nd lime-
stone, A viterous, pale-orange quartzite appears at two horizons in
the formation. The upper 165 feet of the Jefferson consists of a
cherty, highly fossiliferous limestone (Plate 8B). This upper unit
contains a fauna new for the Jefferson in northeastern Utah. This
fauna affords a tentative correlation with that of the uppermost

Cyrtospirifer zone of the Devils Gate formation in cemtral Nevada, as

described by Merrian (1940, p. 62)., Heretofore, the uppermost Devonian
fauna in this area was correlated with the Argentarius zone of middle
Upper Devonian age. OSeveral species of brachipods, including a well-

preserved Cyrtospirifer, characterize this fauna.

In Logan Canyon, Cache Valley, Utah, Halysites catenulatus is

reported by Kindle (1908, pp. 16-23) to occur above beds containing
the Martinia maia fauna, which is Middle Devonian, Nevada formation,

age. However, Halysites catenulatus is common in the upper beds of

the Silurian Laketown dolomite and has never been found asbove this
horizon (Williams, 1948, p. 11l1, and Merriam, 1940, p. 70). Kindle,
obviously through some structural element, mistakenly identified the
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Laketown dolomite as part of the Jefferson formation. Merriam

(1940, p. 68) made the correlation between the Hyrum dolomite and
Devils Gate formztion. Williams (1948, p. 1140), in his study of
the Logan quadrangle, Utah, collected fossils from the Hyrum member
of the Jefferson comparable to those of the Spirifer argemtarius zone
of Merriam's Devils Gate formation, Middle Devonian age, in cemtral
Nevada. No fossils have been identified in the Beirdneam sandstome
member in the Logan quadrangle, reported by Williams.

The Jefferson formation was measured at the same locality, described
ebove, with the Water Camyon formation.

Jefferson formation.

Unit Thickness
(feet)

8. Limestone, dark gray to grayish-black, weathers light
gray, thin- to medium-bedded, compact, finely crystalline.
The lower 60 feet contains black chert nodules as much as
four inches in diameter. The upper part contains consp-
icuous lgyers of black chert about one inch thick and
varying from six to tem inches apart and is highly
fossiliferous. Forms a smooth slope below the Lodgepole

diffsc o . ) . ® . - . ° . . . 16590
7. Dolomite, dark gray, upper part is limy and contains

few thin limestone beds one- to two-inches thick . . 158.0
6. Quartzite, very pale orange, fresh surface appears as

if lightly sprinkled with fine black pepper . . . 2.8
S. Dolomite, dark gray, contains fine nodules and

Btrimrs of chert . . . . . . ° . . 93.0

k. Dolomite, dark gray and medium gray beds alternating,
medium- to thick~bedded, sandy, darker beds contain am
abundance of microscopic white dolomite crystals giving
a speckled black and white appearance; upper 50 feet
‘oatly medium gray . . e ® . ° e ° . 196.0



3. Dolomite, medium dark grzy to medium gray, weathers
light grgy, thick-bedded to massive, cliff former,
some beds alternating medium gray to light gray,
upper part contains some chert in fine stringers . . 215.0

2, ‘Quartzite, same #s oIt O abowe., . 4 e i e e 11.0
1. Sandy dolomite, medium dark gray, coarsely crystalline . 9.0
Total 8)4900

No fossils were found in the lower portion of the Jefferson formation
in Wellsville Mountain, however, in unit 8 several species of Brachiopods
have been identified and one unidentified Crynoid. The fossils collected
from the Jefferson are as follows:

Rugose corals
Crinoid

Ostracodes
Fenestrellids
Spirifer sp.
Cyrtospirifer sp., A

Cyrtospirifer sp. B

Chonetes sp.

Leptaena sp.

Cyrtina sp.
Martinia sp.

Camarotoechia sp.

Schuchertella sp.

Productella sp.



Mississippian System

Mississippian rocks of the Cordilleran region are widespread and
relatively uniform in thickness and lithology. In northeastern Utah
they are represented by two separate form:tion, the Lodgepole liméi
stone below and the Brazer formation above, with no angul&r discord-
ance between them (Williams, 1943, p. 611). The Mississippian rocks
of this area are equivalents to the Madison group of Montana. Here-
tofore, the Lodgepole has been referred to as the Madison limestone
in this area, but it is actually the ecuivalent of the lower member
of the Madison group. The Lodgepole limestone is Lower Mississippian
and the Brazer is Upper Mississippian (Meramacian and Chesterian) age.

Mississippian rocks crop out near Deweyville, Utah, in the west-
facing front of the mountain and extend continmuously southward, transe
versing the crest at the heac of Moss Rock Canyon, through the Dry Lake
area, The upper Mississippian Brazer formation crops out in the road
cut near the southeastern edge of Dry Lake and passes through the Pis=-
gaeh Hills and Mantua Valley. The lower Mississippian Lodgepole lime-
stone does not crop out at Dry Lake due to Quaternary alluvial cover.
A complete measured section of the Lodgepole in the area shows a thick-
ness of 843 feet. The Brazer formation thins rapidly northward from a
thickness of 3,700 feet at Dry Lake (Williams, 1948, p. 11L42), to i,800
feet in the measured section just east of Deweyville, Utah, 12 miles
northwest of Dry Lake (Figure 2).
Lodgepole Limestone

Lower Mississippian rocks have heretofore been referred to as the

Madison limestone in this area. In this report the Madison will be called
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the Lodgepole limestone because of a later study of Madison nomenclature
by Collier and Cathcart (1922) and Holland (1952). The name Madison was
given to the Lower Mississippian rocks that crop out at Three Forks, Mon-
tana, by Peale in 1893. He sub-divided the Madison into three parts as
follows: (1) lower "Laminated limestones," (2) middle "Massive limestones,"
and (3) upper "Jaspery limestones." In 1922 Collier and cathcart named
Peale's sub-divisions of the Madisqn the Madison group. They termed the
"Laminated limestones" the Lodgepole and the "Massive limestones" the
Mission Canyon. The upper "Jaspery limestones" being stripped by erosion
in that area, however, the term Madison limestone is retained for the
upper limestones of the Madison group. These terms have been adopted
ever since by workers throughout Wyoming. Holland (1952) studied the
Lower Mississippian strata in Montana and Utazh. He found that the Madison
limestone of northeastern Utah was strikingly similar to the Lodgepole
limestone of lMontana. Also, the faunal assemblages of the Madison in
Utah was remarkably similar to that of the Lodgepole in Montana., Holland
concluded that the Madison of northeasterm Utah was equivalent to the
Lodgepole limestone in Montana. In 1952, Holland named and differentiated
the Leatham formation from the overlying Lodgepole in its type locality,
Leatham Hollow in Blacksmith Fork Camyon, 8 miles east of the map area.
The Leatham formation has not been recognized in the map area. The ab-
sence of the Leatham in Wellsville Mountain suggests an erosional un-
conformity between the underlying Jefferson dolomite and the Lodgepole
limestone,

The Lodgepole limestone in Wellsville Mountain is 843 feet thick

consisting of largely thin- to medium-bedded, dark-gray, fossiliferous
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limestone. Chert nodules and calcite veinlets occur at intervals

throughout the formation. The lower bold cliffs of the Lodgepole

are called the "Chinese Wall" and they are very prominent in the

area (Plate 8B)., A long steep slope rises to the base of a second

cliff of the Lodgepole, which is called the "Upper Chinese Wall."

This upper wall is less comspicuous in the area. The contact between

the overlying Brazer formation and the Lodgepole limestone is well

marked by contrasting grgy limestomne cliffs of the Lodgepole and the

brown weathering, slope forming, calcereous sandstone of the Brazer.
The Lodgepole limestone was measured directly up the mountain face

on the lower west-facing front of Wellsville Mountain, approximately

3 miles north and % mile east of Honeyville, Utsh. The measured section

is located at Township 11 North, Range 2 West, in section 21, just

north of the area in this report.

Lodgepole limestone

Unit Thickness
(feet)

8. Limestone, dark grsy, weathers medium light grgy,
very finely crystalline, thin-bedded, upper part
contains abundant black chert stringers one to
three inches in diameter and aligned with the
bedding plane; lower 50 feet covered . . . . 92

7. Limestone, medium gray, coarse and gramular, largely
camposed of crinoid stems g e T R 18

6. Limestone, medium gray, thin- to medium-bedded,
coarsely crystalline, lower part has three-foot
limestone beds separated by black chert stringers one
to seven inches thick; in the upper part the beds
become thinner and the chert stringers increase in
abundance. This unit forms most of the prominent
upper cliffs of the formation . . . . . . 12k

5. Limestone, dark gray, weathers medium gray, finely
crystalline, thin-bedded, econtains black chert stringers
one to three inches in diameter and one to three feet
in length &ligned with the bedding plamne, the chert
increases in abundance upward; fossiliferous . . 56
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L. Limestone, medium dark gray, weathers medium gray,
finely ecrystalline, thin-bedded, sandy on weathered
surfaces, fossiliferous, less resistant than unit
S above . . . . . . ° . . - . . . 159

3. Limestone, dark gray, weathers medium gray, finely
crystalline, beds six inches to two feet thick,
sandy on weathered surfaces, c¢liff forming . . . . 65

2. Limestone, dark gray, weathers medium gray, finely
crystalline to granular, thin-bedded, sandy on
weathered surfacesg slope forming. « « o o« o 254

1., limestone, medium dark gray, weathers medium light
gray, thin-bedded, gramular, lower 25 feet contains
asbundant black chert nodules one to three inches in
diameter, crinoid stems, brachiopods, and corals are
most abundant fossils; forms conspicuous steep cliffs
& the base of the Tarmetiom ¢ '« ' s & & v, %  -a 95

Total 543

Brazer Formation

The Bragzer formation was named by Richardson (1913, p. 413) for ex-
posures in Brazer Canyon, in the Crawford Mountains, 6 miles northeast
of Randolph, Utah. Here the Brazer formation attains a thickness of 600
feet. Williams (19L3) redescribed the type section and measured several
additional sections in the Wasatch Mountains. In the Pisgah Hills, ad-
Joining the southern flank of Wellsville Mountain, he described 3,700
feet of the strata which he assigned to the Brazer. Accardiné to
Williams the upper 2,370 feet of Chester age is not present in the type
locality. Williams and Yelton (1945) divide the Brazer formation into
five separate members on 2 faunal basis as follows: (1) the lowermost A
member consisting of calcareous, brown weathering sandstone, (2) the B
member of thick-bedded dark-gray limestone, (3) the C member of argil-
laceous limestone, (L) the D member of dark cherty limestone, and (5)

the uppermost E member of silty limestone and black shale. The lettered
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member:ss of this paper correspond to the five mmerical members redescribed
by Williams (1948). The uppermost of the five members probably correlates
with the Manning Canyon shale of the Oguirrh Mountains, southwest of Salt
Lake Ciity.

There is no evidence for a hiatus between the Brazer formation and the
underlying Lodgepole limestone member (Williams, 1943, p. 611); however,
the phosphatic shale horizon at the base of the Brazer in the Bear River
Range is not recognized in Wellsville Méuntain. The thickness and lith-
ology of the Brazer suggests that all‘oi»‘ the E member and part, if not
all of the D member is missing in the measured section area near Dewey-
ville, Utah. The writer measured a complete section of the Brazer for-
mation near Deweyville, Utah, and found it to be 1,876 feet thick; con-
siderably thinner than the 3,700 foot section measured by Williams and
Yelton 12 miles to the south in Dry Lake (Figure 6). All five members
crop out on the south side of the major transverse fault in the locality
of Rattlesnake Canyon (north-center part of map in the envelope). Here
the Brazer is complete and possibly as thick as that in the Dry Lake
section.

The Brazer formation in Wellsville Mountain consists of a basal
thin~bedded, brown weathering, slope forming, calcareous sandstone,
Overlying this sandstone unit the rocks consist largely of limestone,
sandy limestone, and shale with increasing amounts of chert near the
top of the formation.

The Brazer formation crops out in the lower slopes of the northern
west-facing front of Wellsville Mountain. The section was measured 1

mile southeast of Deweyville, Utah, on the south side of the first
major canyony Township 11 North, Range 2 West, section 16.
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Brazer formation

Unit

5.

L.

3.

2.

1.

Thickness
(feet)
Limestone, medium dark gray, weathers light gray,
finely crystalline, medium-bedded, includes a few
beds of light brown sandy limestone one to three
feet thick, some smoke-gray chert nodules. . .« . 237
Sandy limestone, medium grgy, weathers medium gray
to light brown, interbedded with thin medium-gray
crystalline limestone beds containing black chert
nodules; Blope foming v ° ® ° . o . . 276

Limestone, dark gray, weathers medium gray with a

rough sandy surface, medium-bedded, contains nodules

and stringers of black chert aligned with the bedding

planes, chert increases in abundance upwards, includes

an eight inch bed of greenish-gray shale &t the base.
Silicified corals and Brachiopods abundant . . . 320

Limestone, medium gray, weathers medium light gray,

coarsely crystalline, grades into colitic limestone

near the top, medium-bedded, cliff forming, contains

corals mad erinold stems « + 5 ¢ ¢ e e w 398

Calcareous sandstone, fine- to medium-grained, medium

gray, weathers pale yellowish-brown, thin- to medium-
bedded, becomes more calcareous upward, slope forming. 605

Total 1,836



L9
Pennsylvanian System

Rocks of Pennsylvanian age are widely distributed throughout the
Cordilleran region and attain a remarkable thickmess of 26,000 feet
in the Oquirrh Range west of Salt Lake City. The Pennsylvanian rocks
in Wellsville Mountain are represented by a thick succession of the
Oquirrh formation. The Oquirrh formation crops out in Rattlesnake
and Wellsville Canyons in this area and makes up the major portion of
the northern half of Wellsville Mountain, At the northern end of the
mountain the Oquirrh formation is 6,643 feet thick,

Richards and Mansfield (1912) named the Pennsylvanian rocks, in
southeastern Idaho and northeastern Utsah, the "Wells" formation. In
1932, Gilluly named the Pemnsylvanian rocks the Oquirrh formation from
exposures in the Oquirrh Range; however, a detailed section was never
published. Bissell (1936), in his study of the Pennsylvanian rocks of
the southern Wasatch Mountains used the name "Oquirrh" formation and
proposed to raise it to a series. He then subdivided it into two for-
mations, the Hobble formation above and the Kelly formation below,
Williams and Yolton (19L5) restudied the Pennsylvanian rocks in the Dry
Lake area of the Logan quadrangle with particular interest to the assign-
ment of Marrowan age to a faunal assemblage of the Wells formation.
Williams (1948) questiomed the use of the term "Wells" formation in his
discussion of the Paleogoic rocks of the logan quadrangle. Later, in
1953, he clarified the Pennsylvanian terminology in the Logan area
and applied the name Oquirrh to rocks previously referred to as Wells,
The Oquirrh formation lies onconformably upon the underlying Brazer

formation of Mississippian age.
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Oguirrh Formation

The Ocuirrh formation, in a measured section in Wellsville HMountain
described by Williams (1943, p. 59L), consists of two members as follows:
(1) a lower member 2,300 feet thick, and (2) an upper member 2,700 feet
thick. The lower member consists of gray sandstone and sandy limestone
interbedded with thick-bedded gray limestone and the upper member con-
sists of thin- to medium-bedded sandstone that weathers brown or buff.

Williams (1948, p. 1143) described a Desmoinesian fauna, Wedekindel-
lina, 200 feet above the base of the Oquirrh, dating the lower L50 feet
of the formation as earliest Pennsylvanian (Bendian) age. In this same
section a Triticites faunal zone was recognized from 1,000 to 2,000 feet

above the Wedekindellina zone. He assigned this zone to late Missourian

age, Wwilliams concluded that the uppermost part of the section be,
at least in part, Virgilian age. Nygreen (1955) restudied the lower
Oquirrh formation of the Logan area and reported an error in the
dating of the formation by Williams and Yelton (19L5). He found

that the Wedekindellina zone, described by Williams and Yelton as being

200 feet above the base of the formation, was not Marrowan age, but
instead Lesmoinesian age. Nygreen proposed a new name, "West Canyon"
limestone member, to the base of the Oquirrh formation in its type
locality and recognized it in Sardine Canyon, two miles east of Dry
lLake, The West Canyon limestone member is 1,156 feet thick at its type
locality in the Oquirrh Range and 510 feet thick at Sardine Canyon.

The formation consists of bioclastic limestone with interbedded sand-

stone or siltstone. Fusulina and Wedekindellina fossils found in this

member by Nygreemn indicate Desmoinesian age for the West Canyon lime-
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stone. The Fusulina zone is located 1,000 feet above its base and

the Wedekindellina zone 300 feet above the base.

The writer measured a complete section of the Oquirrh formation
near Williams measured section at Deweyville, Utah, (1943, p. 59L).
Here the Oquirrh formation is 6,643 feet thick. In this section the

Wedekindellina zone was identified 85 feet above its base (unit 3 in

the measured section), which is middle lower Desmoinesian age. Suggest-
ing that all but the lower 200 feet of the West Canyon limestone member,
described by Nygreen at Sardine Canyon, may possibly be present in this
area. The upper Triticites zone was identified 1,100 feet sbove the
base of the formation (unit 9 in the measured section) corresponding to
that described by Williams (1943, p. 617), which he suggested may be

in part Missourian age amd the upper part Virgilian age. Another
Triticites faunal zone was located 2,200 feet above the base (unit 11
of the Deweyville section) and identified as uppermost Pennsylvanian
(Upper Virgilian) age. Thus, fossils of the Oquirrh in this area show
that the Lower Pennsylvanian rocks are absent and that the upper
remaining L,L400 feet of the formation may possibly be, at least in part,
Permian,

A complete section of the Oguirrh formation, that may be in part
Permian, was measured 1 mile southeast of Deweyville, Utah, in sectioms
9, 10, 11, and 12, Township 11 North, Range 2 West. This section was
measured across the northern end of c’ellsville Mountain, beginning at

a point 1 mile southeast of Deweyville above a high prominent cliff
of the lodgepole limestone;, and ended 2 miles west of the town of

Mendon on the east side.

Oquirrh formation

Unit Thickness
(feet)

16. Calcareous sandstone, pale brown to grayish-red,



15.

13.

12,

A e e

10,

9e

7.

weathers pale reddish-brown, fine-grained, includes
some medium gray beds above the first 1,000 feet;
covered AR pRPE. ¢ e GRS g e

Calcareous sandstone, thin-bedded, grayish-brown,
weathers pale yellowish-brown, interbedded with
thin beds of medium-gray, sandy, finely crystalline
limestone . . . ° ° ® . ° ° °

Sandy limestone, dark gray, weathers medium gray,

many beds £ to # inch thick, includes some thin beds

of grayish-pink, calcareous sandstone . . .

Calcareous sandstone, medium gray, weathers dark
yellowish-orange, thin-bedded, very fine-grained,
contains some beds of medium-gray, sandy, finely
erystalline limestone . . o & e -

Calcareous sandstone and sandy limestone, middle

part mostly sandstone, in beds six inches to one foot

thick, weathering pale yellowish-brown, limestone
and sandstone interbedded throughout . R o

Calcareous sandstone, quartzitic in part, medium

gray, weathers yellowish-gray, contains thin beds of

blue-gray sandy limestone throughout; forms blocky
end platy outcrops . . . . . . . .

Sandy limestone, medium dark gray, westhers medium
gray, thin-bedded, very fine sand on weathered
surfaces, some beds weather pale yellowish-brown,
becomes more sandy upward, more resistant than the
unit below, forms slopes and ledges i1 A

Calecareous sandstone, fine-grained, weathers pale
yellowish-brown, contains some thick beds of dark-
gray, coarsely crystalline, sandy limestone, forms
ledges and slopes, contains abundant fusilines at
the top and bottom ° . . w» = . .

Calcareous sandstone and sandy limestone, medium gray,
weathered surface is in alternmating bands of gray and
brown with the brown bands being more sandy, contains

some intraformational conglomerate . A .

Calcareous sandstone, medium gray, weathers pale

yellowish-brown, fine-grained, contains some beds of

medium-gray sandy limestone o . 3 v .

]

L]

52

1,868

332

92

636

1,20l

353

£86

Lg5

38

582



5.

h.

1.

Fusilines as described above.

Limestone, medium blue gray, finely crystalline,
thi‘n-beddedo ° . L] L] 3 L 2 L] . . L ]

Sandy limestone, crystalline, light gray, weathers
1ight brm. - L L] - - L ] L - L] L

Sandy limestone, medium gray, thin-bedded, light
brown sand laminae stand in relief on weathered
surfaces . . o A o . P - o . o

Calcareous sandstone and sandy limestone; limestone,
medium gray, thin-bedded and finely crystalline; the
sandstone is olive and weathers pale yellowish-brown,
forms slopes in contrast to the unit below. Abundant
Fusilines, Brachiopods, Crinoids, and Bryoszoams. .

Limestone, medium gray, coarsely crystalline, highly
fossiliferous, contains brownish-black chert nodules;
foms ledges - L ] L] * - - - L3 - L
Sandy limestone, light olive gray, crystalline, thin-
bedded, weathers pale yellowish-brown; forms slopes.

Total

53

13

88

92

The most important fossils found in the Oquirrh formation were

Company; they are as follows:

Fenestrellid bryogzoams
Triticites sp. A
Triticites sp. B
Wedekindellina sp.

The identity and age determinations
of the Fusilines were made by paleontologists of the Carter 0il
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Qlaterna;'y Deposits

Quaternary deposits in this area consist of lacustrine sediments
from Lake Bonneville and alluvium. The Bonneville Lake terraces are
well-exposed along tie west side of Wellsville Mountain. There are no
lake terraces on the east margin of the mapped area because the relief
was too high for the invasion of the lake waters. Quaternary alluvium
skirts the east flank of the area and exposures of Paleozoic rocks are
sometimes covered, making it difficult to determine the formation bound-
aries,

Lake Bonneville Group

The Lake Bomnneville shoreline can easily be traced along the west-
facing front of Wellsville Mountain and it is represented by a dotted-
line on the geologic map in the envelope, The shoreline is also re-
cobnized south of Wellsville, Utah (upper right-hand corner of the map
in the envelope). The hirhest level of the lake reached an elevation
of approximately 5,100 feet. Bonneville sediments consist of well-
sorted gravel, silt, and clay. Three conspicuous intermediate lake
level stages are represented by terraces along the west~facing front
of the mountain near leweyville, Utah.

Lenses of a well-cemented conglomerate are exposed east of Honey-
ville, Utah, in the Lake Bomneville sediments, Cementation of the

gravels may be the result of downward circulating Bonneville lake water.



STRUCTURAL GEOLOGY

Regional Structural Relations

The area of this study is in a region of north-south Laramide
folds and thrusts (Figure 3). Paleozoic rocks of the Bear River
Range to the east of the area are folded into a broad north-trending
syncline and anticline. Paleozoic and Mesczoic rocks in the Salt
Lae City area are folded into north-south and east-west folds,
The Bamnock overthrust is aspproximately 30 miles to the east of Wellsw
ville Mountain and the Willard overthrust is about five miles to the
south, Omall scale thrusting, the overriding block moved in an east-
ward direction, in the Promontory Range about six miles west of this
area was reported by Clson (1956). The folds and thrust faults of the
Ogden area were produced by the buttress effect of a pre-Cambrian
erystalline stable mass to the west called the "Northern Utah Highland"
(Eardley, 1939, 19LL). EHardley reports that all transverse faults in
the central Wasatch Range are older than Basin and Range faulting and
some may be due to vertical forces that acted during folding or to
differential release of pressure after folding (1939, p. 1285),

The southern Malad Range is a horst with northeast dipping beds.
Hanson (1949) postulates two theories for the origin of structure
in that area as follows: (1) the range being an eastern limb of a
Laramide anticline, the axis of wiich has been faulted down to the

west, and (2) possibly the rocks of the range may be part of a large

55
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overthrust sheet, the footwall of which is exposed in the area
to the south, However, evidence for these theories is not conclusive,

The area between the southern Mélad Range on the north and Wells-
ville Mountain on the south is named by Williams as the Junction
Hills, The Paleozoic rocks of the Junction Hills have westerly dips
while those of the southern Malad Range and Wellsville Mountain have
northeasterly dips. The relationship of the Junction Hills to the
southern lMalad Range and Wellsville Mountain presents a problem
which cannot be conclusively solved on the basis of the existing
information., Williams (19L8, pp. 1151-1153, Figure 2) has described
this difficulty at length and has suggested five working hypotheses
for the origin of these structural relationships involving high-angle
fanlting and thrust faulting with the overriding block moving eastward.,
These hypotheses are based on the anomalous structural relationships
of the Junction Hills to the southern Malad Range and Wellsville
Mountain. The brecciated and mashed condition of the Paleozoic rocks
within the Junction Hills area supports his thrust fault hypothesis.

Williams (1948, p. 1155) described Wellsville Mountain as a
homocline cut by numerous high-angle transverse faults which he
interpreted as tear faults produced when the homocline was tilted
northeastward and thrust to the east. These tear famlts are associated
with the change in trend of the beds from a north-south strike in
Mantua Valley, three miles east of Brigham City, to an east-west strike
at the northern end of the mountain,

Geologic Structure

General Features

The major structure of Wellsville Mountain is a northeast-dipping
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fanlt-block bounded in part by northwest-trending high-angle faults

and cut by mmerous northeast-trending transverse faults. The
rugged west-facing front is marked by the Wasatch fault zone and the
east-facing front is marked primarily by the dip of the Paleogzoic
rocks, Basin and Range high-angle fanlting is found on the north-
east side of the mountain (Plate 11). The entire mountain is
characterized by abundant faulting. No intense folding, overturning
of beds, or direct evidence of thrusting is displayed in this area,
Many high-angle transverse faults of relatively large displacement
are concentrated in the southern half of the mountain and the resulting
tilted fault-blocks are by far the predcmﬁ:ont structural features.
The major faults, with but few exceptions, may be grouped into a
‘northwest and northeast system. They are nearly vertical high-angle
faults produced in two different epochse- the northeast-trending
transverse faults which are associated with Laramide deformation
(Plates 3, 5, 10) and the northwest-trending bordering faults which
are of Basin and Range age (Plates 1B,11A).

A major transverse fault, starting at the mouth of Moss Rock
Canyon L3 miles north of Brigham City, Utah, cuts diagonally across
the west-facing front and effectively divides the mountain into two
fault-blocks, This fault is the largest transverse fault in the area
(north-center part of map in the envelope) having a stratigraphic
displacement of about 4,500 feet (Plate 9). The downdropped block
is to the south, The southern block contains mumerous high-angle
transverse faults having stratigraphic displacements ranging fram
a few hundred feet to 2,000 feet. The intervening tilted fault-
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blocks of the southern block have the downdropped side to the north,
The Paleozoic rocks of the southern block strike N 35° W and dip
35° to 40° NE. The northern block consists mostly of Mississippian
and Pennsylvanian rocks having approximately the same strike and dip
as the southern block. Major transverse fanlts are lacking in the
northern block.
Northwest-trending Faults
Wasatech fault zone. --The Wasatch fault zone bounds the west-facing

front of Wellsville Mountain and exhibits remarkable lineation aleng
its southern part (Plate 1B). The fault zone extends for approximately
115 miles from central Utah northward to the Utsh-Idaho state line
(Eardley, 1939, p. 1305). Gilbert (1928) described the fault zone

as hugging the western base of the Wasatch Range and is so recent
that the original famlt scarp still remained in wvarious places., These
observations are especially applicable to the west-facing front of
Wellsville Mountain. Recent movement along the Wasatch fault zone

is manifest by a fault scarp in the alluvium at the mouth of Cold=-
water Canyon east of Honeyville, Utah, one mile north of the mapped
area,

The steep west-facing front (Plate 1B) affords reasonable
certainty that the Wasatch fault exists in this area, A recent
gravity study by K. L, Cook and J, VW, Bérg Jr., of the University of
Utah, clearly marks the Wasatch fault bordering the western base of
the mountain. The age of the fault zone has been well established in
the literature as Basin and Range age with continuing movements up to
the recent,

Mt. Hughes fault.-- The Mt. Hughes fault is a newly discovered

high-angle fault on the northeast side of the mountain of Basin and



(A) Major transverse fault on west side of mountain.
Stratigraphic displacement of Swan Peak (Osp)
is 3,700 feet,

(B) Major transverse fault on east side of mountain
through Pine Canyon. Landslide on Leatham Hill
right foreground. Glacial cirques in upper
right-hand corner.
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Range, or younger, sge (Plate 11A). The fault strikes approximately
N 30° W and swings northward out into Cache Valley west of Mendon,
Utah, It separates two conspicuous hills, Leatham Hill to the south
and Mt. Hughes on the north, from the east-facing front of the mountain
between Wellsville and Mendon, Utah. The hills represent the down-
dropped side. OSeveral slickensided surfaces along the fault plane
locate the fault end reveals a dip of 75° NE (Plate 11B). The fault
together with the Wasateh fault suggests a horst type structure for
the northern block of Wellsville Mountain (Beus, 1958).

Lake Bonneville terraces and alluvium obscure any direct evidence
for a bordering fault between Cache Valley and the northeast side of
Wellsville Mountain; however, there is no doubt a fault or faults
exist in that zone. Evidences for the existence of a fault along the
northeast side of the mountain is manifest by the abrupt relief be-
tween the valley floor and the crest, linear trend, and the many
truncated spurs.

Northeast~trending Faults

The northeast~trending transverse faults in this area are too
mmerous to describe. Therefore, only two typical examples will be
discussed as follows: (1) a major transverse fault and (2) the fault
in Antimony Canyon. The general trend of the transverse famlts is
nearly at right-angles to the strike of the strata, All of the
major canyons in this area are produced by erosion along the trace
of these faults,

Major transverse fault.-- A major transverse fault divides the

mountain into two distinet famlt-blocks with the downdropped side

to the south. . It has a stratigraphic displacement of about 4,500
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feet with the Ordovician Swan Peak quartzite against the Cambrian
Bloomington formation at the mouth of Moss Rock Canyon about Li miles
north of Brigham City, Utah (Plate 9A). The fault strikes more
northerly than the main transverse famlts in this area and cuts
diagonally across the west-facing front of the mountain. It crosses
the crest (north-central margin of the map in the emvelope) and
extends down Pine Canyon on the east side of the mountain (Plate 12B).
Antimony Canyon fault.-~The Antimony Canyon fault is one of the

most conspicuous transverse faults in the area (Plate 34)., It is
easily recognized from the highway in the second major camyon two
miles north of Brigham City, Utah. The fault has a stratigraphic
displacement of about 1,000 feet with the base of the Ute formation
against the Blacksmith formation near the mouth of the canyon. The
fault strikes approximately east-west and the attitude of the fault
plane is obscured by debris along its trace. Almost all of the
northeast-trending faults of the area completely traverse the mountain.
The Antimony Canyon fault extends through Dry Lske on the east side
of the mountain (Plate 3B),
Age of Structure

The structural evidence in Wellsville Mountain affords two
plausible hypotheses for its origin as follows: (1) overthrusting
with the overriding block to the east, as suggested by Williams,
with Basin and Range high-angle famlting superimposed on the older
Laramide structures, and (2) normal and strike-slip faulting of
Paleozoic rocks during Laramide folding and uplift, with Basin and
Range high-angle fanlting superimposed on them. No significant
evidence was found in the mapped area to support the first hypothesis.



PLATE 10

Aerial view of west-facing front, north of Brigham
City, showing transverse faults in (from left to
right) Hanson, Kotter, and Water Fall Canyonms.
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The second hypothesis seems more reasonable in view of the structural
evidence exposed in the area. Evidence for strike-slip movement
along transverse famlts was found in the south wall of Baker Canyon
three miles north of Brigham City (Plate 5). The exposed slicken=-
sides in the fault plane of this fault clearly shows horizontal
movement. Possibly all of the transverse faults had strike-slip
components during Laramide time and later vertical movements along
the same fault planes during Basin and Range time to produce the
stratigraphic displacement.

Local folds in Ordovician rocks, at the crest of the mountain
west of Dry Lake on the east side of the southern block and in
Precipice Canyon L miles north of Brigham City, show the Fish Haven
black dolomite pushed over the orange-pink quartzites of the Swan Peak
(Plates 34,6, 12.)

It seems reasonable that the transverse faults, folding and
tilting of the beds occurred during the Laramide orogeny (late Meso-
zoie and early Tertiary). Basin and Range high-angle faulting followed,
elevating the mountain (late Tertiary). The recent fault scarp in
the alluvium at the mouth of Coldwater Canyon near Honeyville, Utah,
and the recent faulting in Tertiary sediments on the northeast side
of the mountain, described by Williams (1945), affords evidence for
continued uplift of the area after Basin and Range time.

It is not meant to imply, in the foregoing discussion, that all
fanlting was restricted to two relatively short periods of time
separated by a period of stability. It is very likely that faulting
was more or less continmuous or intermittent throughout the latter

half of the Cenozoiec era to the recent.
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PLATE 11
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Hughes fault
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PLATE 12

Aerial oblique view, east side of southern part of
the Wellsville Mountain, showing Fish Haven (Ofh)
pushed over Swan Peak (Osp.).
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ORE DEPOSITS

Wellsville Mountain is almost entirely devoid of mineralization
except for small ore deposits in Antimony Canyon and Baker Canyon,

Both mines have been asbandoned since World War II. The mineralization
is an epithermal type deposit which is manifest by the ores--stibnite
(antimony sulfide) in Antimony Canyon and copper carbonates in Baker
Canyon, Mineral deposits are located along transverse fault planes
associated with Cambrian carbonate rocks. There are no igneous rocks
in the area to the writers knowledge. This suggests that the mineral-
ization is associated with hydrothermal solutions from depth.

The Box Elder District, was organized October 2, 1889, near Bakers,
Utah--a station on the railroad two miles north of Brigham City (Butler,
1920, p. 222). One property, known as Mineral Ridge, was worked inter-
mittently for years under different names, It is located in Baker Can-
yon, four miles north of Brigham City, and has an aerial tramway, mill
and other improvements. The mine consists of three short tunnels and
a few shallow pits along a crushed zone which strikes N 60° E and dips
50° SE (transverse fault on the left in Baker Canyon, Plate 5), The
crushed zone is 25 to 30 feet wide and stained yellowish brown. A
small production of gold-copper ore was reported from the Box Elder
District in 1908 as having been sold to the Independent Smelting
Company in Ogden, Utah. Again in 1943 a small shipment of gold-copper

ore was reported sold to the Garfield Smelter in Garfield, Utah (Wood-

ward, 1943, p. L72.
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With the aid of a Reconstruction Finance Corporation mine loan the
Dry Lake Mining Company was zble to produce 6 tons of ore averaging
50 percent antimony. This mine, in Hunsaker Canyon (Antimony Canyon)
two miles north of Brigham City, was the only active antimony mine in
the state. The mine consists of one tunnel and a shaft that penetrates
a crushed zone at the apex of two transverse faults (Plate 3A). Miner-
alization occurs along the fault planes in the Cambrian carbonate rocks.
The small production of ore that was taken from this mine was an anti-
mony sulfide (Stibnite) ore. The mine operated only for a short time

during the war in 1943 and 19LkL.
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