"SFilling in Gaps in the Sedimentary Record: An Integrated Study of Microfacies and Discontinuity
Surfaces in Devonian Epeiric Sea Carbonates, lowa*

Christopher M. Bowie' and Mara E. Brady'

Search and Discovery Article #30340 (2014)**
Posted July 7, 2014

* Adapted from poster presentation given at 2014 AAPG Annual Convention and Exhibition, Houston, Texas, April 6-9, 2014 and Pacific Section AAPG,
SEG and SEPM Joint Technical Conference, Bakersfield, California, April 27-30, 2014

**AAPG©2014 Serial rights given by author. For all other rights contact author directly.
'Department of Earth and Environmental Sciences, California State University, Fresno, CA (bowie@mail.fresnostate.edu; mebrady@csufresno.edu)

Abstract

Discontinuity surfaces develop in carbonate successions due to environmental changes that result in a hiatus in sediment
accumulation or erosion of previously deposited sediment. Each discontinuity surface therefore, represents a gap in the
sedimentary record. Although the depositional record is missing at an unconformity, the diagenetic record is continuous and
contains information about the environment and climate leading up to, during, and after a depositional break. By studying
discontinuity surfaces, it is possible to gain insight into the cause of these breaks in sedimentation and fill in these gaps in the
sedimentary record.

The Middle-Late Devonian Cedar Valley Group was deposited in the lowa Basin during four third-order transgressive-
regressive cycles that flooded the Laurentian craton and depositing subtidal and peritidal carbonates across lowa and adjacent
states. The apparent lack of systematic parasequence stacking patterns and evidence of missing depositional cycles in these
cratonic ramp carbonates are thought to be the result of lowered sedimentation rates and frequent depositional hiatuses. Periodic
oceanographic changes that resulted in inhospitable conditions in the shallow epeiric sea may have stressed the carbonate
factory and contributed to these unique and condensed strata. This study integrates microfacies analysis and discontinuity
surface characterization in the Little Cedar and Coralville Formations to constrain the environmental factors that contributed to
possible suppression of the Middle-Late Devonian carbonate factory in the lowa Basin.
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A depositional model for the Cedar Valley Group was developed from 12 different microfacies identified during this study,
which fall into five distinct facies tracts spanning the inner, middle, and outer shelf. One hundred and five discontinuity surfaces
were documented and classified as either erosion surfaces, omission surfaces, or exposure surfaces. Erosional surfaces are the
dominant surface type at the inner and middle shelves, most of which are interpreted to be the result of storm currents (i.e.
tempestites). Omission surfaces increase in frequency from inner toward the outer shelf, indicating more frequent submarine
hiatuses in the offshore direction. Exposure surfaces are most common in the inner shelf, where they are organized into closely
spaced intervals, interpreted to be “sequence boundary zones” (after Montanez and Osleger, 1993; Hillgartner, 1998). The lateral
and vertical distribution of discontinuity surfaces gives important clues as to the morphology of the lower Cedar Valley Group
shelf, which is characterized here as a storm dominated epeiric ramp.

Carbonate sediments were generated principally in the inner shelf from peloids, ostracods and calcareous algae. A second cite of
sedimentation generation was the high energy shelf margin, where open marine fauna such as crinoids, bryozoans, and corals
contributed to grain stone shoals that were probably tidally influenced. Reef builders were never able to establish a rigid reef
barrier because of the frequency of powerful storms, which would topple coral colonies and obliterate patch reefs the at the
middle shelf margin periodically. Middle shelf sediment was washed into the inner shelf in storm washover lobes and
transported to the outer shelf by turbidity currents during storm ebb flows. During sea level highstands, the intertidal zone
prograded toward the middle shelf margin and peloid rich muddy sediment could be transported to the outer shelf by the same
mechanism.

Documenting and characterizing discontinuity surfaces aids in sequence stratigraphic analysis in the absence of recognizable
parasequences and stacking patterns. The results of this study allowed identification of systems tracts for the upper Little Cedar
and Coralville formations. Most sediment was accumulated in the highstand systems, which culminates with sequence boundary
zones at the inner shelf only. The inner shelf was left emergent for most of the lowstand systems tract, at which time evaporitic
ponds and paleosols developed in the inner shelf and the resulting diagenetic fluids altered the

underlying highstand systems tract. The transgressive systems tract thins and pinches out in the shoreward direction where it
may be represented entirely by a single discontinuity surface.
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ronment and climate leading up to, during, and after a depositional break. By studying discontinuity surfaces, it is possible to gain insight into the cause of these breaks in sedimentation and fill in these

gaps in the sedimentary record.

The Middle-Late Devonian Cedar Valley Group was deposited in the Iowa Basin during 4 third-order transgressive-regressive cycles that flooded the Laurentian craton and depositing subtidal and
peritidal carbonates across lowa and adjacent states. The apparent lack of systematic parasequence stacking patterns and evidence of missing depositional cycles in these cratonic ramp carbonates are
thought to be the result of lowered sedimentation rates and frequent depositional hiatuses. Periodic oceanographic changes that resulted in inhospitable conditions in the shallow epeiric sea may have

stressed the carbonate factory and contributed to these unique and condensed strata. This study i
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Formations to constrain the environmental factors that contributed to possible suppression of the Middle-Late Devonian carbonate factory in the lowa Basin.

A depositional model for the Cedar Valley Group was developed from 12 different microfacies identified during this study, which fall into 5 distinct facies tracts spanning the inner, middle, and outer
shelf. 105 discontinuity surfaces were documented and classified as either erosion surfaces, omission surfaces, or exposure surfaces. Erosional surfaces are the dominant surface type at the inner and
middle shelves, most of which are interpreted to be the result of storm currents (i.e. tempestites). Omission surfaces increase in frequency from inner toward the outer shelf, indicating more frequent sub-
marine hiatuses in the offshore direction. Exposure surfaces are most common in the inner shelf, where they are organized into closely spaced intervals, interpreted to be “sequence boundary zones™ (after
Montanez and Osleger, 1993; Hillgartner, 1998). The lateral and vertical distribution of discontinuity surfaces gives important clues as to the morphology of the lower Cedar Valley Group shelf, which is

characterized here as a storm dominated epeiric ramp.

Carbonate sediments were generated principally in the inner shelf from peloids, ostracods and calcareous algae. A second cite of sedimentation generation was the high energy shelf margin, where
open marine fauna such as crinoids, bryozoans, and corals contributed to grain stone shoals that were probably tidally influenced. Reef builders were never able to establish a rigid reef barrier because of
the frequency of powerful storms, which would topple coral colonies and obliterate patch reefs the at the middle shelf margin periodically. Middle shelf sediment was washed into the inner shelf in storm
washover lobes and transported to the outer shelf by turbidity currents during storm ebb flows. During sea level highstands, the intertidal zone prograded toward the middle shelf margin and peloid rich

muddy sediment could be transported to the outer shelf by the same mechanism.

Documenting and characterizing discontinuity surfaces aids in sequence stratigraphic analysis in the absence of recognizable parasequences and stacking patterns. The results of this study allowed
identification of systems tracts for the upper Little Cedar and Coralville formations. Most sediment was accumulated in the highstand systems, which culminates with sequence boundary zones at the inner
shelf only. The inner shelf was left emergent for most of the lowstand systems tract, at which time evaporitic ponds and paleosols developed in the inner shelf and the resulting diagenetic fluids altered the
underlying highstand systems tract. The transgressive systems tract thins and pinches out in the shoreward direction where it may be represented entirely by a single discontinuity surface.

Results and Interpretations

» Twelve distinct microfacies are recognized for the study interval, and are grouped from proximal to distal into 5 facies belts (facies tracts)

that span the inner, middle, and outer shelf (Box 1 and Table 1).

»There were two primary sites of sediment generations, 1) the inner shelf peloidal carbonate factory and 2) the middle shelf high energy open

marine carbonate factory, corresponding to microfacies MF6 and MF7, respectively.

» A total of 105 discontinuity surfaces were documented between the three cores and were classified as either erosional (Box 3), omission

(Box 4), or exposure surfaces (Box 5). Frequencies of different discontinuities are shown in Figure 9.

» During this investigation 8 distinct subclasses became apparent, all of which fall into one of the three general classifications (Figure 10

and Table 2).
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Discussion

The distinct differences between stacking patterns and the distribution of discontinuity surfaces in all three cored locations provide key evidence of the general morphology of the Cedar Valley
i inated epeiric ramp based on the following three lines of evidence. 1) Submarine omission surfaces increase
in frequency basinward, while exposure surfaces increase in frequency shoreward, indicating an increase in sediment starvation in the offshore dircetion. 2) Shallow restricted marine to supratidal depo-

Group shelf (Figure 11). The Cedar Valley Group shelf is here as a storm.

sition dominated the inner shelf, while the middle to outer shelves are dominated by intermediate to deep subtidal
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or erosion. Di:

The absence of clear parasequences is interpreted as the result of interruptions in
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Box 1: Microfacies and Depositional Model
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Figure 2: Sedimentary facies of the midcontinent carbonate shelf during Cedar Valley
deposition (modlfied after Bunker and Witzke, 2004). Above figure is representative of the
sea level highstand of lowa T-R cycle § (Figure 4: B). Note subtropical location of lowa
Basin and straits connecting the continental interior and Western Continental Margin.

4A,

Figure 3: General distribution of facies belts across the eastern half of Towa showing the location of cores
taken used in this study (yellow stars) and cross section in Figure 12. Cross section A-B is shown in Figure

INTRODUCTION

The lowa Basin strata are a remarkable example of Devonian epeiric sea sedimentation that has no modern analog. The Cedar
Valley Group was deposited during 4 successive 3rd-order sequences that flooded the North American craton (Laurasia) in the Middle
Devonian (Figure 1-4). When compared to contemporancous passive margin deposits, the Codar Valley Group strata i typificd by

r units and incomplete cycles indicative of very low and intermitient sedimentation (Brady, 2012; Figure 5). These breaks in
sedimentation are marked by discontinuity surfaces, resulting in condensed or truncated parasequence-style cycles.

Di surfaces represent abrupt tectonic, environmental, or eustatic changes that resulted in a hiatus in sediment accu-

Figure 4 (A) General Devonian cross section through lowa (A-B in Figure 3) (from Witzke et al 1988). (B) Devonian stratigraphy
and sea level history showing lowa Transgressive-Regressive Cycles (T-R Cycles) and coincident Euramerican eustatic cycles of

Johnson et al. (1985). Solid curve represents interpreted 4th and/or Sth-order cycles, dotted curve represents 3rd or dth-order
(for this study they are assumed to be 31d order cycles). Right arrows indicate deepening events, stratigraphic position of biostromal

on, and/or erosion of previously deposited sediment, of whatever duration (Clari et al., 1995), and have been the subject of
erest due to their importance in resolving high frequency sea level fluctuations and basin evolution below biostrati-

ic resolution (Hillgartner, 1998; Chow and Wende, 2011; Christ et al., 2012). In particular, Hillgartner (1998) demonstrated how
discontinuity surfaces may be distributed among d and exposure d which reflect larger scale trans-
gressions and regressions (Figure 6), emphasizing that these surfaces are just as important as the sedimentary units they delimit. Care-
ful study of discontinuity surfaces also has the potential to reveal “hidden sedimentary units”, or evidence of previously deposited
beds that have been eroded (Figure 7).

The character and distribution of discontinuity surfaces can have important for reservoir and
fluid migration (Chri 2012; Saller et al., 1994). Additionally, the potential influence of discontinuity surfaces in fracture propa-
gation during hydraulic fracturing underscores the importance for understanding how and why these surfaces form, and how they may
be distributed within the stratigraphic record. This study aims to explain the condensed and discontinuous Cedar Valley Group deposi-
tion within in a sequence framework by surfaces and microfacies in the lowa Basin.

units (b) and evaporites (c) are shown (from Witzke and Bunker, 1997). Note formations, and in some cases, members are delimited by
i A T T T
[re
Larger-scale sequence
i - Well-marked oo e Moading / condensation expasure
El. surfaces:
i |
nti .
Sk 4 - - 22
A
' g o - | Sea level
H . — i
i =1 -
—Time —a-
Surfave
zones:
- _ Figure 7: Schemati stratigraphic columns showing how the
study of discontinuity surfaces and the relationships between
Figure 6 Model for frmationof “dconinity suface sones” dominated by st exposue sufuces o dor d overlying units can ehucidate evid
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udies and of (B) Equally temporally completc but _ alternating intervals dominated by exposure surfaces or condensation surfaces (fom Hillgartner, 1998). Py n

thinner than A, possibly due to slower subsidence and equally slow sedimentation rate. (C) Similar subsidence and
sedimentation rates to A but incomplete due to significant erosional truncation along an unconformity. (D) Combination
of B and C:Thin and incomplete due to slow sedimentation and periodic nondeposition and/or erosion. Scenario D is
representative of the Cedar Valley Group.

units T4 and T7 existed

solution vugs of DS2, respectively. DS2 could be considered a
composite surface necause it shows evidence of both subacrial

exposure and erosion (Modified after Clari t al., 1995)

Methods
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Extont zation e e Diagenesis  stratigraphy
Pl T e
 Polished slabs and thin sections were prepared from cores taken at three locations in a proximal to distal transect across the Iowa = gl s i - W | A e s
Basin. Over 55 m of core was described at a em-scale with coverage through most of the Little Cedar and Coralville Formations. Parts [ | = | % I ] T | [~ [ Siwman |
of the lower Lithograph City Formation were captured in the Inner shelf and Outer shelf cores only. Thin sections were impregnated ] | 1 T ]
with a blue dyed epoxy and stained with a mixed Alizarin Red S and potassium ferricyanide solution to distinguish porosity and car- ALt e it - Sl ik P
bonate minerals. Microfacies analysis was used to charac the system by fying the major sediment types in thin s 7T e — — - i
section, depositional environments, and the nature of the “carbonate factory” (Box 1). [l ! e ] [ I
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Discontinuity surfaces were classified largely according to the scheme described by Hillgartner (1998; Figure 8), and categorized  swmrs sasoss -}
as cither exposure surfaces, omission surfaces, or erosional surfaces. Evidence of erosional surfaces is includes sharp contacts, flute
casts, truncated grains, non-Waltherian breaks, and evidence of traction deposition (Box 3). Key evidence of subacrial exposure
mcludcs karsting, collapse breccias, and meteoric digenesis (Box 4). Omission surfaces show evidence of submarine and —— |
such as lized crusts and surfaces, which are often bored, burrowed, and encrusted by sessile organ-
isms (Bm 3) Figure 8: C1 criteria for Hillgartner, 1998). Obs cometry, lateral

extent, and morphology are severely limited in cor based sudie,essentially o the diameler f he core. Core n his
study were 3 to 5 em in diameter. Biological activity, mineralization, facies shifts and diagenetic contrasts were the key
“This study was based primarily off of core and thin section observations. However, visits to key outcrops and field arcas helped discontnuity characterzaton i tis study

reaffirm our interpretations and illuminate some of the limitations inherent in core-only studies (Box 2).
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(K) Laminar stromatoporoids in micrite marix, these organisms probably acted as
sediment stabilizers.

Laminar stromatoporoid boundstone (MF8)

Box 2: The Biostrome Problem: Limitations of Core Based Studies

Inner Shelf:“Stromglomerate”

(A) Dr. Jim Walters of University of Northern lowa pointing to a biostromal unit dominated by boulbus Messerly Qu

©o the “lower Rapid biostrome” at Devonian Fossil Gorge, lowa. Note tabulate coral (T) and colonial rogosan coral (CR) are larger than the

units, which are affectionately refered to as “stromglomerates” (affer Groves, 2004) d based on their matrix

wackestone (MF6).

§km
northwest of Waterloo, lowa (from Walters et ., 2004). (B) Core photo of similar unit, because of the limitations of core studies (discussed below) these biostromal
pod packstone and

iameterof cores s n i sty Pen o sele. () Exampl rom outr sl core used 1 s sty which penertes e coral colom,probably na
biostromal unit similar to that shown in C. For reasons discussed below, this coral and the ed to the
erinoidal grainstone microfacies (MF7). Photomicrographs of this unit are shown above in Box 1: Figure J and K.

Issues with biostromal units arise because of the limitations of core based observations. The cores in this study have a diameter between 3.8 and 5 cm (1.5 -2
inches), significantly smaller than some of the larger bioclasts such as coral colonies and stromatoporoids which may reach over 50 cm in diameter and may be
over a meter apart (compare figures A—B and C-D above). Consequently, cores may penetrate through biostromal units without intersecting any bioclast of these
important reef builders. Alternately, core can, and does penetrate through coral and stromatoporoid colonies that are larger than the diameter of the core (Figure D
above). Therefore, biostromal units are included with the microfacies that characterize their matrix. This avoids misinterpreting large colonial reef builders as reef
framework (framestone of boundstone), when they are actually bioclasts (i.e., not in life position).

Box 3: Erosional Surfaces

Examples of erosional surfaces in core (red arrow). (A) Minor erosional surface in the inner shelf, the underlying laminated peloidal
mudstone (MF) unit s scoured by an abrupt inerease i hydrodynaic energy el Oerying nracls conglomera (MF4) i
ups from the underlyi This crosional surface was probably caused by a tidal channel that meandered th
intertidal zon r asorm surge,(5) inoreosiona surfacs i he midle helfin brchiopodpakstone micrfaes (M 1 e pmm
chaotic packstone o fine ripple cross-laminated wackestone, ing an abrupt high
enerey vent olowed by waning currnt This dopoit was probably th rsul o storm deived urbidiy eurent. Note mbricated
brachiopod shells below surface. (C) Core photo of the Coralville- Little Cedar contact in the inner shelf, a 3rd-order sequence boundary
and major crosional disconformity separating bioturbated mudstone (MES) below, and fine crinoidal grainstone (MF7) above. (D) Photo-
micrograph of same sequence boundary as C, inner shelf core (Garrison core).

Mixed skeletal wackestone and packstone (MF10)

Brachiopod wackestone and mudstone,
(MF11). Note articulated brachiopod above:
nodular crinoidal debris with organic wavy lamina-
tions

Box 4. Exposure Surfaces

Laminated dolomudstone

1

Colapse brecca

Examples of petrographic features

aleitscores. Dolomite precipitated in hypersaline lagoons and evaporite lats oftn have poorly ordered incluion rich cores w
prone to dissolution and replacement, in this case by late calcite spar (red). (B) Detrital quartz sand grains (Q) in an argillaceous matrix, the
larger grains appear to have been fractured in situ, and the cracks are filled in by the same argillaceous material. This is interpreted as the
et expanive clays hinking an sweling under alematin dy and wet condiions, (©) Geapedl il (Gp) i vug hat ws e open
en an ostracod fossil, or it could be a root cast. Residual insoluble material
callctedonthe floor of the vug afterorpinal ntemalmatertl disolved ot decomposed. The concentrie micitic costing enveloping a

and later healed by calite spar. Tt

his may have originally bec

and evidence of (A) Dedolomite rhombs with

which are

receia in solut

quartz grain (Q) s likely of microbial origin. () S

insoluble pyrit collecting on the loor of the vug. Brecciaton may have resulied o been accentuated by weting and drym!, of expansive
clays. (E) Moldic porosity in subhedral dolomite matrix below Coralville-Little Cedar sequence boundary, the fossils were dissolved by
‘meteoric fluids during sea level lowstands when the inner shelf was emergent, preserving the shape of a crinoid segment (lower left) and
brachiopod valve (upper right). (F) Dolomite crystal slt fmmm  gcopedal mound ina vug that was e il by el spar. (0 Cor

photo and interpretive sketch of

jvug with void fil aterial, note

¢ laminated and (on.,m

breceias (MF1) show repeated flooding of the mpmml zone, pvnbahly du; o sorms. Disolutionofth evaporite ed 0 ollpse of
ted.

unstable sediment as the next layer was deposi

“This fine grained mudstone contains abundant peloids, which are thought to be
derived from the inner shelf toward the end of the highstand systems tract.

Box 5: Om|55|on Surfaces

is defined by a pyritic horiz

Examples of omission surfaces in core. (A) Inner shelf minor condensation surface. The discontinuity
on (dashed white line), thin chert parting
Blackish grains above discontinuity are glauconitized fossils and phosphatic debris (shown i fi
and I). (B) Organic laminations at omission surfuce (middle shel). coral skeleton lag resting on the

surface, note burrows penetrating organic laminations (dashed white line). (C) Mineralized omission

replaced original evaporites.

surface cut by borings wi
lar

stone (missing facies), unit ov crmm discontinuity is a v\ackcsmnc v]us surfce probably looked ke
®

Figure (P) whe

vord whie dashed Fine s organism s b bored and mineralzed. th borings filld with sod-

ment of the overlying unit

Examples of mineralization and biological activty at omission sufaces (L) Mineralized and bored
I

‘wackestone (WK) hardground, above packstone (Pk]

i a mineralized

orings, the walls of boring
by snlp\md\wrm fubes. (D Photoextension of boring Bol showing incral buow (13) witi he

(F) Taner peloids and fossil

tized 1) is also partially p (G) Middle

nated in a micrite matix, possibly preserving the outlines of original peloids. (H) Inner Shelf: Lenticular
(1) Middle shel:

tion (630x) of  crinoid segment that has been completely replaced by glauconite preserving

pore strctrs, (1) nne shelf,Pyie ramboid(F)and el pyrte (it arow) i it and

partially cuhedral and framb hat s probably a

brachiopod valve in middle of photo. (K) Outer ol txm\\plc of skeletal fabric preserving pyrite,

euhedral erystals mimic the original shell structure of this brachiopod.

Examples of g
casts, el

Cystoid
Eerioustéroid Crinoid debris

Bol s encrusted Mineralization

boring fil. (N

below hardground in figure D.

by pyrite and dm‘)cd bya gYaqunuc paring (M) Organic lining (dashed ych\ line) of burrow wall
nces beterm burrow (Bu) and matrix (M) are shown.

¢ thatis impregnated Figure P: Artstc recreation of a bored and encrusted Devonian submarine hardground, probably

representative of the hardground in Figure D (upper Ief). (From Koch, and Strimple, 1968. )

(Figure 11). The inner shelf strata exhibit a repetitive stacking pattern for cach sequence (Figure 12:A). Relatively thick shallow subtidal intervals characterize the base of each
sequence, which progressively thin upward, defining an overall progradational trend. Each sequence culminates with an interval of closely spaced exposure surfaces which are interpreted here as a

sequence boundary zones (SBZ) (Montanez and Osleger, 1993; Hillgartner, 1998), and probably represent the beginning of the lowstand systems tract (LST). Evidence of metcoric diagenesis, including
palcosols, in and below the SBZ, along with relatively thin units indicates that the inner shelf was left emergent for much of the LST. The transgressive systems tracts are generally thickest in the middle

and outer shelves, but pinch out or are extremely condensed in the inner shelf, often
model for a homoclinally dipping ramp (Handford and Loucks, 1993; Figure 12:B).

by a single

The discovery of inner shelf sediment (peloids) in the Coralville Formation in the outer shelf core was key in placing the Lithograph City-Coralville sequence boundary. During late sea level high-
stand the peritidal zone prograded toward the shelf margin (Witzke and Bunker, 1997). Muddy peloidal sediment from the inner shelf was transported from the shelf margin to the outer shelf by currents

by storm induced turbidity and density currents (Figure 13).

surface. These i

are consistent with the sequence stratigraphic

Gartison Core (inner Shelf) Klein Core (Middle Shelf) H-29 Core(Outer Shelf)
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Figure 11: Stratigraphic sections of the three cores deseribed in this study. Microfacies are shown and organized into facies tracts. Disconti-

nuity surface types are shown, many of which are correlatable across the shelf. See Figure 3 for map of core locations.

Time Sealevel

Figure 12: (A) Interpretation of shallowing upward cycles and systems tracts for the inner shelf core, thickened and
colored lines correspond to deposition during sytems tracts. The inner shelf was emergent for most of the LST and
TST. 3rd-order sequences correspond to lowa T-R cycles in Figure 4:B. (B) General model for a homoclinally
dipping ramp, which bears many similarites to the sequences identified in this study (fron Handford and Loucks,
1993)

Conclusion

D ing and characterizing surfaces provides additional
valuable information that may not be apparent in traditional stratigraphic studies that
focus on lithostratigraphy. Such surfaces and can be useful in sequence stratigraphic
analysis in the absence of recognizable parasequences and stacking patterns.

The lowa Basin is an exraordinary example of starved epeiric sca sedimenta-
tion which has no modern analog. I and sur-
faces in the Cedar Valley Group resulted in new insights into Middle Devonian
deposition in the Towa Basin which are summarized by the following points:

P Sediment was generated in situ by two “carbonate factories™; the restricted
inner shelf factory and the middle shelf open marine carbonate factory.

B Storms were the dominant sedimentary process, destructively inhibiting reef
growth and redistributing sediments across the shelf.

P Transgressive systems tracts thin or pinch out shoreward due to the morphol-
ogy of the epeiric ramp and are often represented in the inner shelf by a single flood-
ing surface.

P Most sediment was accumulated during the highstand systems tract, as the rate
of sea level rise slowed and sedimentation could keep pace. Toward the end of the
highstand systems tract the peritidal zone prograded toward the shelf margin and
inner shelf sediment could be transported to the outer shelf by storm currents.

P Subacrial exposure surfaces dominate the inner shelf during the lowstand sys-
tems tracts, where they are characterized as “sequence boundary zones” correlated
to shift to shallower subtidal facies in the outer shelf.

P The findings presented in this study can are used to characterize the lowa
Basin during the Cedar Valley Group deposition as a storm dominated epeiric ramp.

TST

1129 core

Figure 13: Stages of sea level rise and fall. (A) End of TST, the rate of sea level rise starts to decli

area. (D) Structural cross section of Figure 11, extremely vertically exaduated, 192km total length

and the carbonate factories are established. (B) End of HST, the inner shelf carbonate factory has filled available accomodation space and
spill over is washed into the outer shelf by receeding storm surges. (C) Late LST, the inner shelf is subacrially exposed and the sabkha has prograded toward the shelf margin, evaporite ponds and paleosols were scattered across the emergent
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