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FOREWORD

The Midwest in general, and Iowa specifically, is largely acknowledged to be
very stable in a geologic sense. Evidence of large deformations or major
movements along fractures is rare in Iowa. The Plum River Fault Zone, as
detailed in this report, is a notable exception. Aggregation of information
from work on several projects in eastern Iowa during the last thirteen years,
by Survey staff and by university graduate students, has provided adequate
documentation to release a report on this significant structural feature.

Knowledge of the extent of the Plum River Fault Zone, and related movements,
helps to explain variation in the distribution and thickness of associated
rock units. More importantly, it helps us to understand and evaluate the
distribution and availability of our precious groundwater resources in
east-central Iowa, which are so important to existing and potential commer-
cial, industrial, agricultural, and residential water supplies. This work
significantly increases our geologic understanding of this part of the Midwest
and provides information which is both useful and necessary to manage and
develop Iowa's natural resources.

Donald L. Koch
State Geologist and Director
Iowa Geological Survey
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ABSTRACT

The Plum River Fault Zone is a 112 mile (180 km) long, east-west trending
zone of high-angle faulting in east-central Iowa and northwest I1linois. The
north side of the fault zone is downthrown, with documented net vertical dis-
placements of Silurian strata up to 270 feet (70 m). Detailed geologic field
mapping has shown that the internal structure of the Plum River Fault Zone is
characterized by a complex pattern of intersecting high angle faults which
have graben and horst fault-block relationships. Major faults within the Plum
River Fault Zone are recognized by the occurrence of zones of brittle cata-
clastic deformation, and the maximum known width of the fault zone in Iowa is
3900 feet (1.2 km). Within the fault zone, vertical displacements of up to
500 feet (150 m) have been interpreted from Paleozoic rocks exposed in adja-
cent fault blocks, and vertical displacements on the Precambrian basement sur-
face of up to 1100 feet (335 m) have been estimated from combined gravity and
magnetic traverses across the fault zone.

Recently completed investigations and revisions of the Paleozoic stratig-



raphy of eastern Iowa, along with detailed investigations of the Plum River
Fault Zone, have led to a comprehensive reevaluation of the structural geology
and Phanerozoic tectonic history of eastern Iowa. Descriptions and criteria
for the recognition of exposed Phanerozoic stratigraphic units are presented
in this report, and a new Silurian unit, the Scotch Grove Formation, is for-
mally proposed. A newly recognized regional structure, the Fayette Structural
Zone of northeast Iowa, is also defined.

The Phanerozoic tectonic history of eastern Iowa is reviewed within the
context of Sloss' (1963) unconformity-bounded cratonic sedimentary sequences.
During the deposition of the Sauk Sequence (Upper Cambrian-Lower Ordovician)
in eastern Iowa, sediments accumulated in a north-south oriented, southward
plunging trough termed the Hollandale Embayment. Significant structural re-
organization in the central midcontinent region occurred during deposition of
the Tippecanoe (Middle Ordovician-Silurian) Sequence. The earlier north-south
structural grain in eastern Iowa was supplanted by an east-west structural
grain, and subsidence was initiated in the East-Central Iowa Basin, whose axis
paralleled the Plum River Fault Zone. During the Early Silurian, maximum sub-
sidence in this structural and depositional basin was 18.6 miles (30 km) to
the north of the Plum River Fault Zone, whereas during the Middle Silurian
maximum subsidence occurred along the north edge of the fault zone. Earliest
Kaskaskia (Middle Devonian-Mississippian) deposition reoccupied the East-
Central Iowa Basin, with penecontemporaneous faulting along the Plum River
Fault Zone. A significant structural reorganization in the midcontinent re-
gion began in the Late Devonian, and prior to initial deposition of sediments
of the Absaroka Sequence (Pennsylvanian), the East-Central Iowa Basin was up-
lifted and deeply eroded. Pennsylvanian deposition in east-central Iowa was
preceded by major faulting along the Plum River Fault Zone, uplift of the
Savanna-Sabula Anticlinal System, and the development of the present regional
structural geometry. The physical relationships of Pennsylvanian deposits to
the Plum River Fault Zone are not known with sufficient precision to preclude
up to 33 feet (10 m) of post-Pennsylvanian displacement. Historic seismic
data are inadequate to evaluate the potential for seismic hazard associated
with the Plum River Fault Zone.

iv
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INTRODUCTION

Detailed geologic investigations in northwestern I1linois led to the
recognition of the Plum River Fault Zone, originally defined as a narrow belt
of high angle faults trending roughly east-west for approximately 60 miles (97
km) through northwestern I11inois and east-central Iowa (fig. la; Kolata and
Buschbach, 1976). The Plum River Fault Zone was named for exposures along the
Plum River near Savanna, I1linois, which first revealed the structure. It is
the principal element in an east-west trending belt of structural deformation
formerly termed the Savanna-Sabula Anticline (Cady, 1920).

As originally defined, the western terminus of the fault zone was in the
area to the south of the town of Maquoketa, Jackson County, Iowa. Detailed
field and subsurface studies in Iowa, however, indicate that the fault zone
continues westward approximately 50 miles (80 km) from the interpreted
southern Jackson County terminus to an area south of Cedar Rapids in Linn
County, Iowa (fig. 1b). Throughout its extent, the north side of the fault is
downthrown, with documented net vertical displacements ranging from 170 to 270
feet (52-70 m).

This report reviews the regional geologic setting and history of geologic
investigations pertaining to the Plum River Fault Zone. The structural geo-
Togy of the fault zone and the stratigraphy of bedrock units exposed along it
are described in detail. Finally, this report interprets the Phanerozoic
tectonic history of eastern Iowa and evaluates the potential for neotectonism
along the Plum River Fault Zone.

PREVIOUS STUDIES

Much of the history of geologic investigations related to the Plum River
Fault Zone is summarized by Kolata and Buschbach (1976, p. 3). In eastern
Iowa some of the most valuable contributions leading to the mapping of the
westward extension of this structure have come from detailed studies of the
stratigraphy of the Devonian and Silurian carbonate sequences. Until recent
years, Silurian rocks in Iowa have been very poorly understood, and the pre-
cise stratigraphic position of most areas of exposed bedrock and subsurface
materials was not known. Recent studies by Philcox (1970a, b, 1972), Johnson
(1975, 1977a) and Witzke (1976, 1980b, 198la, b) have led to the recognition
of a regionally consistent lithostratigraphy.

Bunker and Ludvigson (1977) and Ludvigson et al. (1978, p. 25) recognized
the relationship between the geometry of units formerly included in the Middle
Devonian Wapsipinicon Formation and the tectonic history of the Plum River
Fault Zone. The stratigraphy of Wapsipinicon Formation and older Devonian
units in eastern Iowa is complicated by syn- and post-depositional deforma-
tion. The general stratigraphy and complications related to these units were
described by Norton (1920). Church (1967) and Sammis (1978) described the
geometry, petrology, and depositional environments of these units.

In many places the recognition of the fault zone has been greatly aided
by careful geologic observations by previous workers. Norton (1895a) noted
Devonian and Pennsylvanian outliers 1in the Silurian terrane of eastern Iowa.
The bedrock geology of Jackson County was mapped by Savage (1906), who noted
the location of many critical outcrops. A Devonian outlier which delineates
the location of the fault zone 1in southern Jackson County was discovered by
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Dorheim (1953). Dow and Mettler (1962) mapped an area of structural deforma-
tion along the fault zone in southern Linn County.

Kolata and Buschbach (1976) named and defined the Plum River Fault Zone,
and Aten and Herzog (1977) described the geology of the fault zone 1in Jackson
County, Iowa. The westward extension of the Plum River Fault Zone, recogni-
tion of extensive cataclastic deformation, and the significance of mid-to
late-Paleozoic outliers along the fault zone were first discussed by Bunker
and %udvi?son (1977).  These aspects were further elaborated by Ludvigson et
al. (1978).

Svoboda et al. (1980) described the detailed structure of selected por-
tions of the fault zone, based on field mapping integrated with gravity and
magnetic investigations. Svoboda (1980) interpreted gravity and magnetic data
along the fault zone to deduce the detailed structure. Chao (1980), Saribudak
(1980), and Baik (1981) field-mapped portions of the Plum River Fault Zone,
and made supplementary gravity and magnetic investigations to interpret the
detailed structure. Ludvigson (1980) described and interpreted the petrology
of altered Silurian rocks from the fault zone in Jackson County, Iowa. Witzke
(1981a, b) described the relationship between the Plum River Fault Zone and
the Silurian stratigraphy of eastern Iowa. Cumerlato (1983) collected and in-
terpreted the data from a 2.3-mile (3.8 km) seismic reflection profile across
the fault zone in southern Jones County.

REGIONAL GEOLOGIC SETTING

The Plum River Fault Zone 1is located 1in the central stable interior
region of the North American continent (fig. 2). During the Phanerozoic eon,
tectonism in this region has been solely epeirogenic in style. Late Precam-
brian, Paleozoic, and Mesozoic sedimentary rocks in the midcontinent region
rest unconformably on a cratonic basement composed of igneous and metamorphic
Precambrian rocks. Phanerozoic shallow marine to non-marine sediments were
deposited intermittently on the craton in a series of major transgressive-
regressive marine cycles (fig. 3; Sloss, 1963). The areal distribution and
thickness of each cycle was controlled, in part, by the location and trend of
broad intracratonic structures that apparently were reactivated in tectonic
pulses synchronous with the craton-wide marine transgressions (Ham and Wilson,
1967). -
Positive intracratonic structures have been uplifted episodically, expos-
ing pre-existing rocks to erosional truncation. Phanerozoic structural ele-
ments that have experienced maximum relative uplift are delineated by the
present-day outcrop areas of Precambrian rock (fig. 2). There, the entire
sedimentary sequence is missing due to erosional bevelling and/or non-deposi-
tion during several periods of Phanerozoic tectonism.

Intracratonic basins, which are best represented by the present day out-
crop areas of Pennsylvanian rock (fig. 2), have been subject to episodic sub-
sidence and, due to longer periods of marine inundation and structural preser-
vation, have retained the most representative Phanerozoic rock record in the
region.  The succession of sedimentary rocks in the southern portion of the
I1Tinois Basin attains thicknesses in excess of 14,000 feet (Willman et al.,
1975, p. 19) in its deepest portion.

The location and trend of the Plum River Fault Zone appears to fit into
the regional pattern of major faults and folds in the central midcontinent
(fig. 2). Most of these structures occur in a configuration arrayed concen-
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2. Generalized map of major tectonic features of the north-central
midcontinent region. Abbreviations utilized for specific struc-
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Syncline; BP, Belle Plaine Fault; BG, Bowling Green Fault; C, Cen-
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FSZ, Fayette Structural Zone; H, Humboldt Fault; LF, Lexington
Fault; MC, Mt. Carmel Fault; MG, Meekers Grove Anticline; NM, New
Madrid Fault Zone; OA, Oquawka Anticline; P, Palmer Fault System;
R, Royal Center Fault; RC, Rough Creek Fault System; S, Sandwich
Fault; SG, St. Genevieve Fault; SM, Simms Mtn. Fault; SN Snymagil
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formities recorded in the rock record across the continent. The
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nental margins (modified from Sloss, 1963, p. 110).

tric and marginal to the intracratonic arches, domes, and basins. Where
adequate data exists, many of these Phanerozoic structural elements can be
shown to have Precambrian antecedents that may have played important roles in
the later development of the larger regional structures (Rudman et al., 1965).
In Iowa, the relationship is best illustrated by the faulted southern margin
(Thurman-Redfield Structural Zone) of the Keweenawan (late Proterozoic) Mid-
continent Rift System indicated by the outline of the Midcontinent Geophysical
Anomaly in figure 2. The Thurman-Redfield Structural Zone has a history of
repeated Phanerozoic activity (Coons et al., 1967). The Thurman-Redfield
Structural Zone and the Humboldt Fault Zone form the northern and western
boundaries, respectively, to the deepest portions of the Middle Pennsylvanian
Forest City Basin (fig. 2).

Although the significance of faulting along the Plum River Fault Zone has
only recently been recognized, the presence of structural deformation in
northwestern I1linois and east-central Iowa has been noted by many previous
workers. A regional structure contour map drawn on top of the Galena Group
(Middle and Upper Ordovician) (fig. 4) delineates several prominent structural
features in eastern lowa:

1. the Plum River Fault Zone of east-central Iowa and north-
western I1linois;
2. the broad east-west trending Savanna-Sabula Anticlinal Sys-
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Figure 4.

Structure contour map on top of the Galena Group (Middle Ordo-
vician) of Iowa and parts of adjoining states (adapted from
Bunker, 1982). Shaded areas on the map show regions of pre-Middle
Devonian uplift and erosion of Galena Group rocks preceding the
Middle Devonian transgressive overlap.

tem, which parallels the Plum River Fault Zone and is coin-
cident with the southern uplifted side of the fault;

the northwest-southeast trending Lincoln Fold System of
northeastern Missouri and southeastern Iowa;

the Mississippi River Arch, a structural saddle between the
Savanna-Sabula Anticlinal System to the north and the Lincoln
Fold System to the south, separating the Forest City Basin of
southwestern Iowa from the I1linois Basin to the southeast;
the Oquawka Anticlinal System in southeast Iowa, paralleling
the Lincoln Fold System and cross-folded across the crest of
the northeast trending Mississippi River Arch; and

the Fayette Structural Zone of northeastern Iowa, strongly



delineated on the aeromagnetic map of lowa (Zietz et al.,
1976). Basement faulting has been interpreted by Heitzman
(1972) and Gilmore (1976, p. 14) along the trend of this
feature.  Structural deformation has been noted in the near-
surface Paleozoic rocks of the area by previous workers
(Calvin, 1898, p. 220; Savage, 1905, p. 499; and Howell,
1921, Plate IV), but detailed work on the structural zone has
not yet been undertaken.

Mapping of bedrock geologic units in the area of the Plum River Fault
Zone has been hampered by generally poor bedrock exposures. Pleistocene
glacial, glacio-fluvial, and aeolian deposits blanket the bedrock surface over
most of the region. Local exceptions occur along isolated bedrock highs, near
the valleys of major streams, and in the highly dissected area near the Mis-
sissippi River in Jackson County. However, even with the limited bedrock ex-
posures, a general conception of the bedrock geology can be obtained. In
east-central Iowa the fault has juxtaposed predominantly Silurian strata
against Ordovician strata in its eastern extent, Silurian strata against Si-
lurian strata in its central extent, and Devonian strata against Silurian
strata in its western extent (fig. 5). Where rocks of different systems have
been faulted into juxtaposition, structural anomalies have already been docu-
mented (Savage, 1906; Dow and Mettler, 1962; Kolata and Buschbach, 1976; Lud-
vigson et al., 1978). 1Inability to reliably distinguish Silurian units at the
surface and in the subsurface delayed recognition of the regional continuity
of the structure until recent years.

STRATIGRAPHY

An understanding of the Paleozoic stratigraphy of eastern Iowa is essen-
tial for interpreting the structural history and present-day structure of the
area. The stratigraphic synopsis presented in this section outlines criteria
for recognizing various Middle Ordovician through Quaternary stratigraphic
units in outcrop and in the subsurface of eastern Iowa. For the most part,
stratigraphic terminology follows previously established usage at the Iowa Ge-
ological Survey, although significant revisions of and additions to Paleozoic
stratigraphic nomenclature in eastern Iowa 1is included (see Table 1). This
includes the formal definition of a new Silurian formation in eastern Iowa.
Cambrian nomenclature is included in Table 1 for completeness but is not dis-
cussed in this report. A map of the general study area (fig. 6) is included
to assist the reader in locating the various Iowa counties and other geo-
graphic locations mentioned in this section. The type localities of certain
Paleozoic stratigraphic units are also shown on the map.

The Phanerozoic sedimentary record in eastern Iowa, and in the North
American continental interior in general, can be subdivided into a series of
six major sedimentary rock sequences separated by major inter-regional uncon-
formities (Sloss, 1963; fig. 3). The sequence terminology of Sloss (in par-
ticular the Sauk, Tippecanoe, Kaskaskia, and Absaroka sequences) 1is utilized
in portions of the stratigraphy and structural history chapters of this re-
port, primarily because the defined sequences are lithogenetic packages which
afford a convenient way to contrast major episodes of sedimentation and ero-
sion in the midcontinent area.
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Table 1.

Paleozoic stratigraphic nomenclature of east-central Iowa.
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Ordovician System

The oldest rocks that crop out along the Plum River Fault Zone 1in east-
central Iowa belong to the Upper Ordovician Maquoketa Formation. A1l forma-
tions included in the Tippecanoe Sequence (Middle and Upper Ordovician and
Silurian) of Iowa are considered in this chapter, but Cambrian and Lower Ordo-
vician (Sauk Sequence) stratigraphic units are not discussed, in part due to
the lack of detailed subsurface control. The description of sub-Maquoketa
Tippecanoe stratigraphic units (i.e., St. Peter Sandstone through Galena
Group) in east-central Iowa is based on examination of well cuttings and cores
in the area of the Plum River Fault Zone and on outcrops immediately to the
north in Dubuque and northern Jackson counties. Age relationships of Ordo-
vician strata in Iowa are outlined by Sweet and Bergstrom (1976) and Witzke
(1980a).

St. Peter Sandstone

A regional wunconformity separates rocks of the Sauk Sequence (Upper
Cambrian-Lower Ordovician) from those of the overlying Tippecanoe Sequence in
Iowa and other parts of the Midcontinent. The initial transgression of the
Tippecanoe seas into eastern Iowa was marked by deposition of the Middle Ordo-
vician St. Peter Sandstone (Chazyan). In most of the study area the St. Peter
rests directly on the Shakopee Formation (Lower Ordovician, upper Prairie du
Chien Group), but in Jackson County, the St. Peter locally overlies a thinned
Oneota Formation interval (Lower Ordovician, 7lower Prairie du Chien Group).
The sections where the St. Peter overlies the Shakopee Formation in east-
central Iowa generally range in thickness from 30 to 60 feet (9-18 m), rarely
ranging up to 100 feet (30 m), and are characterized by friable, very fine to
coarse (usually very fine to medium) grained quartzarenite; the grains range
from angular to rounded (usually subrounded to rounded).

The St. Peter where it overlies the Oneota Formation is considerably
thicker, ranging from about 250 to 345 feet (75-105 m). These thick St. Peter
sections are probably fillings of older valleys and karstic terranes developed
on the Prairie du Chien carbonate surface during the long erosional episode
separating Sauk and Tippecanoe deposition. Farther north in eastern Iowa, in
Dubuque and Clayton counties, thick St. Peter Sandstone sections locally rest
directly on Upper Cambrian units where the entire Prairie du Chien sequence
was erosionally removed prior to St. Peter deposition. The thick St. Peter
sections in east-central Iowa are composed primarily of friable, very fine to
medium (some coarse) grained sandstone, although the basal 100 feet (30 m) or
so locally includes green to reddish brown shales, dolomite and chert clasts
(Prairie du Chien lithologies), and quartz pebbles. The lower shaly to con-
glomeratic interval is referrable to the Readstown (Kress) Member of the St.
Peter Sandstone (fig. 7). The remainder of the St. Peter Sandstone in east-
central Iowa is assigned to the Tonti Member (Templeton and Willman, 1963).
At three well points in Clinton-Jackson counties, where thick St. Peter over-
lies the Oneota Formation, an 80 to 135 foot (24-41 m) thick interval of
green, pink, and reddish brown sandy shale, sandstone, and chert residuum
occupies a position directly above Cambrian rock units and beneath the upper
portion of the Oneota Dolomite. Although this interval occupies the general
position of the Oneota Formation, it 1is characterized by Readstown Member
Tithologies. This interval probably represents a St. Peter filling of karst
openings within the Oneota sequence.
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Glenwood Shale

The Glenwood Shale overlies the St. Peter, possibly with minor discon-
formity, and is primarily characterized in the study area by green non-
calcareous feldspathic shales, in part sandy or with phosphatic (apatite) pel-
lets. Brown shales also occur, and the uppermost Glenwood bed (usually less
than 5 inches thick; 12 cm) is commonly a sandstone. The Glenwood ranges in
thickness from about 1 to 10 feet (0.3-3 m) in the study area. A thick sand-
stone, the Starved Rock Sandstone, is present in parts of I1linois, southeast
Iowa, and northern Missouri, and this sandstone is stratigraphically equiva-
lent to a portion of the Glenwood. Templeton and Willman (1963) defined the
Starved Rock Sandstone as a member of the St. Peter Sandstone although in
southeastern Iowa the Starved Rock overlies typical Glenwood green shales and
is, therefore, more consistently included as a member of the Glenwood Forma-
tion in Iowa. The thin sandstone at the top of the Glenwood in the study area
may correlate, in part, to the much thicker Starved Rock Sandstone to the
south. The Glenwood Shale and St. Peter Sandstone collectively comprise the
Ancell Group (Templeton and Willman, 1963). The Glenwood is Middle Ordovician
(Black Riveran) in age.

Platteville Formation

The Platteville Formation in the study area is a carbonate sequence that
ranges in thickness from 62 to 77 feet (19-23 m) and overlies the Glenwood
possibly with minor disconformity (Templeton and Willman, 1963). In adjacent
ITTinois the Platteville is accorded group status and is subdivided into five
formations and 24 members (ibid.). In eastern Iowa the Platteville is re-
tained as a formation and is subdivided into three members which, in ascending
order, are the Pecatonica, McGregor, and Quimbys Mi1l. The Pecatonica Member
ranges from about 10 to 15 feet (3-4.5 m) 1in thickness in the study area and
is characterized by dense to vuggy, partly fossiliferous dolomite and dolo-
mitic limestone. The basal portion of the Pecatonica is commonly sandy and
includes scattered to abundant phosphatic (apatite) pellets and clasts. The
McGregor Member, about 40 to 60 feet (12-18 m) thick, conformably overlies the
Pecatonica. The McGregor is a dense, fossiliferous, extremely finely crystal-
Tine limestone and dolomitic 1limestone generally occurring in wavy beds, and
thin shale partings are commonly noted along bedding. The McGregor is locally
sandy. The uppermost 5 feet (1.5 m) or so of the Platteville in the eastern
part of the study area is assigned to the Quimbys Mill Member, a brown 1itho-
graphic Timestone with brown shale partings. The Quimbys Mill is, in part,
fossiliferous and argillaceous and typically breaks with conchoidal fracture.
The Quimbys Mill is recognized in cores from Jackson County, but is absent in
areas to the north and west. The Platteville Formation is Middle Ordovician
in age (possibly Rocklandian).

Galena Group

The Galena Group includes the Ordovician sequence above the Platteville
Formation and below the Maquoketa Formation. It is relatively uniform in
thickness throughout the study area, ranging from 235 to 265 feet (72-80 m).
As previously utilized by the Iowa Geological Survey, the Galena was accorded
formational status and the Decorah Formation was not dincluded within the
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Galena. Elevation of the Galena to group status and inclusion of the Decorah
within the Galena Group is recommended in Iowa. This redefinition is, in
part, an effort to standardize regional usage of the term Galena in order to
be more consistent with present usage of the term in adjacent parts of I11i-
nois. Inclusion of the Decorah Formation within the Galena Group properly re-
flects "the general lithologic similarity" of the Decorah and overlying Galena
strata (Templeton and Willman, 1963, p. 95). Additionally, the thick Decorah
shales in western Iowa are 1lithostratigraphically equivalent to the lower
interval of Galena carbonates in eastern Iowa and I1linois, and the Decorah
shale/Galena carbonate contact is diachronous (Witzke, 1980a, p. 8). These
relationships suggest that the Decorah can reasonably be included with the
Galena carbonates in a single stratigraphic package (the Galena Group). The
Galena Group is subdivided into four formations in eastern Iowa; in ascending
order these are the Decorah, Dunleith, Wise Lake, and Dubuque.

Decorah Formation

The Decorah Formation is divisible into three members in eastern Iowa.
The lowest member, the Spechts Ferry Shale, ranges from about 5 to 12 feet
(1.5-3.7 m) thick in the study area and is primarily a fossiliferous green
calcareous shale with fossiliferous limestone interbeds. A widespread ben-
tonite is commonly noted near the base of the member (Millbrig K-bentonite;
Willman and Kolata, 1978). The Spechts Ferry Shale disconformably overlies
the Platteville Limestone. The Guttenberg Member overlies the Spechts Ferry
and is a dense fossiliferous limestone interbedded with reddish brown shale.
It ranges from about 10 to 15 feet (3-4.5 m) in thickness in the study area.
The Spechts Ferry and Guttenberg are both assigned formational status in adja-
cent I11inois where the top of the "Decorah Subgroup" is drawn at the top of
the Guttenberg. In eastern Iowa an interval above the Guttenberg of inter-
bedded argillaceous fossiliferous dolomitic limestone and green calcareous
shale is assigned to the Ion Member of the Decorah Formation. The Ion is lo-
cally sandy. The Ion ranges from about 10 to 20 feet (3-6 m) in thickness in
the study area but thickens northward and westward in Iowa. 1Ion equivalents
in I11inois are included in the Dunleith Formation. The Ion is retained as a
member of the Decorah Formation in Iowa, in part because the Ion shales are
laterally equivalent to green calcareous shales included in the Decorah Forma-
tion north and west of the study area (Witzke, 1983a). The Ion is a transi-
tional facies separating Decorah green shale facies in northern and western
Iowa from equivalent lower Dunleith carbonates in northern I1linois. The De-
corah Formation is Middle Ordovician in age (possibly Kirkfieldian).

Dunleith Formation

The Dunleith Formation conformably overlies the Decorah Formation in
eastern Iowa and is characterized by argillaceous to non-argillaceous fossil-
iferous dolomitic limestone and dolomite. The Dunleith is dominated by dolo-
mite along the eastern portion of the Plum River Fault Zone in Iowa, but in-
cludes in excess of 30% limestone along the western extent of the fault zone
(Witzke, 1983a). Chert is scattered throughout much of the Dunleith and is
especially prominent in the upper one-third of the formation. Stylolites and
hardgrounds are also noted, and several persistent bentonites are present in
the Dunleith sequence. Two zones of abundant receptaculitid algae are
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present in the formation, and a variety of invertebrate fossils are noted
throughout the Dunleith. The Dunleith varies from about 110 to 135 feet (34-
41 m) thick in the study area. The type Dunleith in I1linois includes equiva-
lents of the Ion Member of the Decorah Formation in Iowa, and, hence, the
Dunleith is used in Iowa in a slightly restricted sense as first suggested by
Levorson and Gerk (1972). The Dunleith of eastern Iowa is divisible into
eight members, although "differentiation of the Dunleith Formation into
members is difficult and requires detailed study to become familiar with minor
lTithologic features that seem very subtle on preliminary observation" (Willman
and Kolata, 1978, p. 46). Dunleith strata in eastern Iowa were formerly in-
cluded within the "Prosser" Member of the Galena Formation by the Iowa Geo-
lTogical Survey, and the top of the "Prosser" was picked at the top of the
highest cherty Galena beds with the overlying non-cherty beds assigned to the
"Stewartville" Member. However, Agnew (1955, p. 1723) recognized that
dividing the Galena into distinct units based on the presence or absence of
chert did not afford a "consistently recognizable" stratigraphic breakdown.
Furthermore, "division of the Galena into a cherty Prosser and non-cherty
Stewartville has little stratigraphic utility since the top of the cherty
interval climbs up and down section across Iowa" (Witzke, 1980a, p. 9).
Additionally, the “Prosser" as used in Iowa excluded correlates of the upper
beds of the type Prosser section in Minnesota. Therefore, suppression of the
“Prosser" as a stratigraphic term in Iowa is recommended, and the Dunleith
Formation, as originally defined by Templeton and Willman (1963), is adopted
as a consistently recognizable stratigraphic unit in eastern Iowa. The Dun-
Teith is Middle Ordovician in age (probably Kirkfieldian and Shermanian), al-
though the upper portion could conceivably be Late Ordovician (Edenian).

Wise Lake Formation

The Wise Lake Formation in eastern Iowa is characterized by fossilifer-
ous, dense to vuggy dolomite and dolomitic limestone and 1is about 70 to 80
feet (21-24 m) thick. It conformably overlies the Dunleith. The Wise Lake is
dominated by dolomite along the trend of the Plum River Fault Zone, although
some limestone is noted locally (Witzke, 1983a). In the study area the Wise
Lake is differentiated from the underlying Dunleith primarily by the scarcity
of argillaceous impurities and general absence of chert. However, chert is
present in the Wise Lake Formation south and west of the study area, and the
basal portion of the formation commonly includes chert in eastern Iowa
(ibid.).  The "upper Receptaculites zone" occurs within the Wise Lake. Gas-
tropod fossils are often conspicuous on outcrop and in core, and additional
invertebrate fossils are present. The Wise Lake is divided into two members,
the Sinsinawa below and Stewartville above, based largely on bedding thickness
and siliciclastic content. Both members are decidedly lower in insolubles
than the underlying Dunleith Formation. Stylolites and hardgrounds are de-
veloped in the Wise Lake. A few thin shale partings are present near the top
of the formation, and the contact with the overlying Dubuque Formation is
drawn at the base of a widely traceable 4 to 6 inch (10-15 cm) thick carbonate
"marker bed" that is set off by prominent 1 inch (2.5 cm) shale partings
(Levorson et al., 1979; Willman and Kolata, 1978). A1l strata now included in
the Wise Lake in eastern Iowa were previously referred to the “"Stewartville"
Member of the Galena Formation by the Iowa Geological Survey, although only
the upper portion of the Wise Lake, in fact, correlates with the type Stewart-
ville section 1in Minnesota. The Wise Lake 1is Late Ordovician in age
(Edenian).
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Dubuque Formation

The Dubuque Formation in the study area is characterized by well-bedded
dolomite with thin shale interbeds and conformably overlies the Wise Lake For-
mation (Witzke, 1983a). The dolomites become increasingly argillaceous upward
in the Dubuque sequence. The argillaceous content of the Dubuque Formation
contrasts with the relatively pure carbonates of the underlying Wise Lake.
Echinoderm debris and brachiopods are the most conspicuous fossils noted, al-
though other invertebrates are also present. The Dubuque Formation is about
35 to 40 feet (11-12 m) thick in the study area. The top of the Dubuque is
drawn at the base of the overlying Maquoketa phosphorites and brown shales.
The Dubuque was recently subdivided into three widely traceable units by
Levorson et al. (1979). The Dubuque is Late Ordovician in age (Maysvillian).

Maquoketa Formation

The sequence of Upper Ordovician shales and carbonates above the Galena
Group is referred to as the Maquoketa Formation, an interval named after the
Little Maquoketa River valley in Dubuque County, Iowa about 33 miles (53 km)
north of the Plum River Fault Zone. In adjacent I1linois the Maquoketa has
been elevated to group status (Templeton and Willman, 1963), and elevation of
the equivalent interval in Iowa to group status may be appropriate at a later
date. However, largely because of our inability to correlate Maquoketa strata
along portions of the Plum River Fault Zone with the Maquoketa subdivisions
utilized in northeast Iowa and I11inois, the Maquoketa is presently retained
in formation rank in east-central Iowa. Only after the Maquoketa facies rela-
tions have been more clearly defined would recognition of the Maguoketa as a
group be recommended. In northeastern Iowa the Maquoketa has been divided in-
to four members, which in ascending order are: Elgin (carbonate, cherty
carbonate, shale, phosphorite), Clermont (green dolomitic shale with some
carbonate interbeds), Fort Atkinson (carbonate, cherty carbonate), and Brain-
ard (green dolomitic shale, carbonate interbeds). The term Elgin was first
used for a Pennsylvanian stratigraphic unit in Kansas, and it may be desirable
to rename the Elgin Member of Iowa to avoid duplication. Probable correlates
of the Elgin-Clermont interval in I1linois were assigned to the Scales Forma-
tion (brown and green shale, carbonate, phosphorite) by Templeton and Willman
(1963), who also elevated the Fort Atkinson and Brainard to formational rank.
Along most of the Plum River Fault Zone and across much of east-central and
southeast Iowa, the Fort Atkinson carbonate interval is not present, and
shales largely indistinguishable from Brainard and Clermont 1ithologies occupy
the general position of the Fort Atkinson (Parker, 1970). In the absence of a
Fort Atkinson carbonate interval in the Maquoketa sequence, recognition of the
Clermont, Fort Atkinson, and Brainard boundaries is not possible at present.
Kolata and Graese (1983) recognized similar relations in northwest I11inois.
Additionally, the Fort Atkinson carbonates, where present, vary greatly in
thickness, and the boundaries of the Fort Atkinson carbonate interval do not
form consistent stratigraphic datums but occur at a variety of stratigraphic
positions within the Maquoketa sequence (Witzke, 1980a, 1983a). Brown and
Whitlow (1960, p. 23) recognized the stratigraphic problems in the Maquoketa
sequence of Dubuque-Jackson counties stating that "the strata of the Maquoketa
shale are discontinuous 1locally, and only approximate correlations can be
made."

An informal stratigraphic breakdown of the Maquoketa sequence 1in Jackson
County is utilized in this report because of the problems outlined in the pre-
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vious paragraph. The Tower portion of the Maquoketa in Dubuque and Jackson
counties was termed the "Brown Shaly Unit" by Brown and Whitlow (1960), which
ranges in thickness from about 30 to 50 feet (9-15 m) (fig. 7), and cor-
responds to the bulk of the Scales Formation in I11inois. The "Brown Shaly
Unit" is composed primarily of non-calcareous, partly silty, laminated dark
brown, brownish gray, and rarely black shale, and these shales are often
graptolitic. Scattered trilobites and inarticulate brachiopods are observed.
Brown argillaceous dolomites, in part phosphatic, occur within the “"Brown
Shaly Unit," in which trilobites, nautiloids, gastropods, bivalves, echino-
derms, brachiopods, bryozoans, and graptolites have been noted. The most un-
usual aspect of the "Brown Shaly Unit" is the presence of phosphorite and
phosphatic dolomite horizons. The base of the Maquoketa is typically marked
by a 0.3 to 3 foot (10-100 cm) thick phosphorite on a corroded Dubuque Forma-
tion surface with up to 3 inches (8 cm) of relief. This surface is encrusted
Tocally with a phosphatic (apatite) or pyritic rind. The phosphorites are
composed primarily of concentrically laminated apatite pellets (less than 1
mm), irregularly shaped apatite clasts, and a diverse assemblage of diminutive
("depauperate") phosphatized fossils (usually less than 1 mm). In addition,
the phosphorites contain quartz silt, clay, pyrite, and dolomite. The diminu-
tive faunas are molluscan dominated and include bivalves, gastropods, scaph-
opods, monoplacophorans, polyplacophorans, nautiloids, brachiopods, trilo-
bites, ostracodes, bryozoans, sponges, ophiuroids, pelmatozoans, conularids,
scolecodonts, conodonts, and graptolites. A subaerial erosional unconformity
has been interpreted at the Dubuque-Maquoketa contact by many previous work-
ers, although in this report the contact in Iowa is regarded as essentially
conformable. Both the Dubuque and basal Maquoketa are Maysvillian in age
based on conodont faunas. Aside from the abundance of phosphate, the pitted
corrosion surface on the top of the Dubuque closely resembles many submarine
hardground surfaces in the Galena Group. Higher in the "Brown Shaly Unit"
additional hardground surfaces on carbonate interbeds have been noted at
several localities in eastern Iowa that are also capped by phosphorites. The
"Brown Shaly Unit" correlates with the lower part of the Scales Formation in
IT1inois, although, in the absence of Fort Atkinson carbonates, the top of the
Scales Formation cannot as yet be picked. The "Brown Shaly Unit" probably
correlates with the Elgin Member in northeastern Iowa.

The "Brown Shaly Unit" in Jackson-Dubuque counties is conformably over-
Tain by a thick green to gray dolomitic shale interval reaching a maximum
thickness of about 190 feet (58 m). This interval was assigned to the Brain-
ard Member by Brown and Whitlow (1960), although it undoubtedly includes Cler-
mont and Fort Atkinson equivalents as well. In this report the thick shale
sequence above the “"Brown Shaly Unit" is informally assigned to an undiffer-
entiated Clermont-Brainard interval. The shales are unfossiliferous through-
out much of the sequence, although burrows and trilobites are noted. Argil-
laceous dolomite interbeds are scattered within the shale sequence, and in the
upper half of the interval the dolomite interbeds include scattered to
abundant invertebrate fossils. The upper portion of the Clermont-Brainard
interval is exposed along the Plum River Fault Zone and correlates with the
Brainard Shale of northeastern Iowa. Fossiliferous dolomite and dolomitic
Timestone interbeds become prominent in the upper part of the Maquoketa Forma-
tion (generally the upper 20-80 feet; 6-24 m), and this interval has been
termed the "Cornulites zone" by Ladd (1929). A brief description of the fauna
and lithology of these fossiliferous carbonates was given by Witzke (1978).

The Clermont-Brainard shale interval extends westward along the Plum
River Fault Zone in the subsurface into portions of Jones and Linn counties.
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The shale-dominated "Brown Shaly Unit" is replaced in Jones County by a 50
foot (15 m) thick argillaceous dolomite-dominated sequence with subordinate
brown shale and is reasonably assigned to the Elgin Member (fig. 7). In por-
tions of the Linn County subsurface a Maquoketa sequence closely similar to
that described from the northeast Iowa outcrop belt is documented. There the
lower 50 to 90 feet (15-27 m) of the formation is characterized by argilla-
ceous dolomite, in part cherty and fossiliferous, with interbeds of brown
shale; a basal phosphorite bed is usually noted. This Tlower Maquoketa
interval is assigned to the Elgin Member. The Elgin is overlain by the
Clermont Member, a green to gray dolomitic shale with some carbonate inter-
beds, which ranges in thickness from about 20 to 45 feet (6-14 m). Unlike the
sequence along the Plum River Fault Zone in Jackson County, the Linn County
Maquoketa sequence locally includes a carbonate interval assignable to the
Fort Atkinson Member, which is characterized by cherty to very cherty argilla-
ceous dolomites with some dolomitic shale interbeds (fig. 7). It ranges in
thickness from 50 to 115 feet (15-35 m). The Brainard Member is the upper
unit of the Maquoketa present in Linn County, where it is typified by green to
gray dolomitic shales with interbeds of argillaceous dolomite; argillaceous
dolomite locally makes up to 50% of the Brainard interval. It varies in
thickness from 35 to 90 feet (11-27 m).

The uppermost member of the Maquoketa Formation, the Neda, is only local-
1y preserved in Iowa and has not yet been noted along the trend of the Plum
River Fault Zone. The Neda is known to outcrop in Dubuque County (Brown and
Whitlow, 1960) and is present in the subsurface at scattered localities across
much of the state (Parker, 1970). The Iowa Neda is characterized by red silty
dolomitic shales and oolitic ironstones. The ooids are composed primarily of
goethite with scattered laminae of apatite and chamosite. Apatite clasts are
also noted. In east-central Iowa the Maquoketa Formation varies greatly in
thickness, primarily because of extensive pre-Mosalem (Silurian) erosion.
Documented Maquoketa thicknesses in the area, where capped by Silurian strata,
range from 114 to 275 feet (35-84 m). At Bellevue State Park (Jackson Co.)
the measured Maquoketa interval (capped by Silurian) is only about 115 feet
(35 m) thick, and is the thinnest known complete Maquoketa exposure in the
state. At the time Silurian deposition began in east-central Iowa, up to 135
feet (41 m) of vertical relief was present on the Maquoketa Shale surface
(Brown and Whitlow, 1960). The Maguoketa Formation is Late Ordovician in age
(Maysvillian, Richmondian).

Silurian System

The Silurian stratigraphy is considered at some length in this report for
two reasons. 1) Silurian dolomite exposures form the bulk of the outcrops
along the Plum River Fault Zone in east-central Iowa, and an understanding of
the Silurian stratigraphy 1is critical to interpreting the present-day struc-
tural features along the fault zone. 2) New stratigraphic terminology and in-
terpretations are presented which necessitate expanded discussion and defini-
tion. On first inspection the Silurian dolomites of eastern Iowa appear to
consist of a monotonous sequence of generally uniform 1lithology, and this
impression may, in part, account for the general failure of many previous in-
vestigators to understand the structural significance of outcrops along the
trend of the recently discovered Plum River Fault Zone in east-central Iowa.
Recent studies (Johnson, 1975, 1983; Witzke, 1978, 198la, b) have clarified
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some of the Silurian stratigraphic relations in eastern Iowa, and this report
expands and revises some previous interpretations of the Silurian sequence.

Mosalem Formation

The Mosalem was originally defined by Brown and Whitlow (1960) as a mem-
ber of the Edgewood Formation. Willman (1973) elevated it to formational
status.  Witzke (1978, p. 5) stated that "the term Edgewood is inappropriate
in eastern Iowa" because of lithic and age discrepencies with the type Edge-
wood in northeastern Missouri. The Mosalem is the most argillaceous unit
noted in the Silurian of Iowa and is primarily characterized by dense, thin-
bedded, argillaceous dolomite. The lower portion of the formation locally in-
cludes dolomitic shales, and generally becomes 1less argillaceous upward.
Where the Mosalem is thick, bands of chert nodules are sometimes observed in
the middle or upper portions. The basal portions of the formation are often
silty and locally contain conglomeratic zones of reworked dolomite, fossils,
shale, and ironstone ooids derived from underlying rocks of the Maquoketa For-
mation (Brown and Whitlow, 1960, p. 39). Pyrite and glauconite are also noted
in the 1lower part of the formation. A stromatolitic horizon is locally
present near the base of the formation, and halite pseudomorphs and ripple
marks have been noted in the Tlower Mosalem at Bellevue State Park, Jackson
County, Iowa.

The Mosalem rests unconformably on the Brainard Shale of the Maquoketa
Formation, although the contact appears gradational with the underlying shales
at some localities (Willman, 1973, p. 33). The Mosalem fills in the lows on
an eroded Maquoketa surface and varies in thickness accordingly from 0 to 100
feet (30 m) (fig. 8). It is absent west of Jones County, Iowa. The Mosalem
is sparsely fossiliferous, although graptolites, Lingula cuneata, rhynchonel-
1id and strophomenid brachiopods, gastropods, worms, and plant filaments are
noted (Johnson, 1975, 1977a; Witzke, 1983b). Graptolites collected near the
base of the formation in Jackson County (Ross, 1964) indicate an Early Siluri-
an age (early Llandoverian).

Tete des Morts Formation

The Tete des Morts was originally defined as a member of the Edgewood
Formation, and Willman (1973) elevated it to formational rank. As previously
noted, the Edgewood is an inappropriate stratigraphic term in Iowa. The Tete
des Morts Formation is characteristically a massive, fine- to medium-grained,
dense to vuggy dolomite. It is a prominent cliff-forming unit in outcrop. It
is slightly glauconitic, and a zone of chert nodules is often present near the
middle of the wunit. Silicified corals and stromatoporoids are frequently
noted. The Tete des Morts is conformable with both the underlying Mosalem
Formation and the overlying Blanding Formation. The massive-bedded vuggy
dolomites of the Tete des Morts contrast markedly with the underlying thin-
bedded, argillaceous dolomites of the Mosalem Formation. 1In areas where the
Mosalem is absent, the Tete des Morts rests unconformably on the Brainard
shales or Neda shaly ironstones of the Maquoketa Formation. Common Tete des
Morts fossils include stromatoporoids, tabulate corals (Favosites, Syringo-
pora, Halysites), rugose corals, brachiopods, and crinoidal debris.

The Tete des Morts is absent west of Jones County and is absent locally
in areas farther east (Willman, 1973). It reaches a maximum thickness of
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Figure 8. Generalized sub-Scotch Grove Lower Silurian stratigraphic
sequence, outcrop belt of east-central Iowa.

about 24 feet (7.3 m) in eastern Iowa and northwestern I1linois (Brown and
Whitlow, 1960, p. 40; Willman, 1973, p. 34). In the subsurface of Jones and
Jackson counties, Iowa, the Tete des Morts is not always separable from the
underlying Mosalem Formation, and the entire Mosalem-Tete des Morts interval
may be characterized by dense, argillaceous, cherty dolomites. These sections
are labelled Mosalem-Tete des Morts undifferentiated.
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Blanding Formation

The interval now termed the Blanding Formation was previously labelled
the Kankakee Formation by most previous workers and by the Iowa Geological
Survey. Due to previous miscorrelations of rock-stratigraphic units, the Kan-
kakee is not an appropriate name for the cherty beds presently included within
the Blanding Formation (Willman, 1973; Witzke, 1978). In the outcrops of
Jackson and Dubuque counties, Iowa, the lower 8 feet (2.4 m) of the Blanding
is a dense, extremely fine to fine-grained dolomite in beds 3 to 8 inches (7.5
to 20 cm) thick with scattered chert nodules. This is the "Lower Quarry beds"
of Calvin and Bain (1900). The upper portion of the Blanding in the same area
is a dense to slightly vuggy, extremely fine to fine-grained, thin-to medium-
bedded dolomite with abundant chert nodules and continuous beds of white
chert. Chert 1locally makes up as much as 50 per cent of the Blanding
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