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CROSS SECTIONS SHOWING 
STRATIGRAPHIC AND DEPOSITIONAL LITHOFACIES 

OF UPPER CAMBRIAN ROCKS 
AND THE RELATION OF LITHOFACIES 

TO POTENTIAL FOR MISSISSIPPI VALLEY-TYPE MINERALIZATION 
IN THE HARRISON 1 o x 2° QUADRANGLE, · 

MISSOURI AND ARKANSAS 

By 
Timothy S. Hayes, James R. Palmer, Walden P. Pratt, 

Gary W. Krizanich, John W. Whitfield, and Cheryl M. Seeger 

CUSMAP 

These cross sections are the fifth publication in a folio of 
maps of the Harrison 1 o x 2 o quadrangle, Missouri and 
Arkansas, prepared under the Conterminous United States 
Mineral Assessment Program (CUSMAP). Previously 
published maps in this folio relate to the geochemistry of the 
subsurface carbonate rocks (Erickson and others, 1989), the 
geophysics of the basement terranes (McCafferty and others, 
1989), the sedimentary rocks and mineralization of the 
Caulfield district (Hayes and others, 1992), the mineral
resource potential of the quadrangle (Pratt and others, 1993), 
and the bedrock geology of the quadrangle (Middendorf and 
others, 1994 and in press). A final set of maps showing 
locations of known Mississippi Valley-type deposits and 
occurrences relative to Late Cambrian shaly lithofacies and 
other shales in the Harrison and adjoining quadrangle is in 
preparation (Palmer and Hayes, in press). 

INTRODUCTION 

Upper Cambrian rocks in southern Missouri and northern 
Arkansas have significant potential for hosting Mississippi 
Valley-type CMVT) ore deposits (see, for example, Ohle, 
1990; Pratt and others, 1990, 1993). Each of the previous 
CUSMAP assessments in the Ozark region identified and 
mapped certain sedimentary host-rock criteria as diagnostic 
indicators of MVT-deposit potential (Pratt and others, 1984; 
Martin and Pratt, 1991). This report deals with sedimentary 
host-rock criteria for MVT -deposit potential for the Harrison 
quadrangle. Preliminary regional lithofacies analysis of 
proven and potential Cambrian MVT host rocks has resulted 
in a clearer understanding of stratigraphic relationships and 
problems (Howe, 1968; Palmer and Hayes, 1989; Palmer, 
1990, 1991). 

We believe that host -rock studies in this region will be 
more useful if they show both the depositional lithofacies and 
the classical formations. The stratigraphic and lithofacies 
cross sections presented here (cross sections A-A' and B-B') 
were prepared to show the depositional lithofacies (Dunham, 
1960) of the Upper Cambrian sedimentary rocks of the 
Harrison quadrangle, and to show the relation of these 
lithofacies to the classical regional stratigraphy. The 
practical application of this study is to permit comparison of 
the lithofacies mosaic of Cambrian rocks in the Harrison 
1 o x 2 o quadrangle with the lithofacies arrangement in the 
Southeast Missouri lead-zinc district, where the Upper 
Cambrian Bonneterre Formation is the host rock for major 
MVT lead-zinc sulfide deposits. 

AGE ASSIGNMENT OF THE ROCKS 

The term "Upper Cambrian" is used in the classical 
sense for rocks in North America included in the 
Dresbachian, Franconian, and Trempealeauan Stages. We 
are aware that the Middle-Upper Cambrian boundary, . as 
recognized by international correlation, is within the lower 
part of the Dresbachian Stage, not at the base. In addition, 
the uppermost Eminence Dolomite is Early . Ordovician in 
age, but in this report it is included with the Upper Cambrian 
rocks because of difficulties in determining the precise 
position of the period boundary. 

METHODS OF STUDY 

The two cross sections in this report are based on 
detailed logging of drill cores and insoluble-residue samples 
of 11 drill holes in and near the quadrangle. Interpretation 
of the depositional lithofacies described herein is based on 
detailed macroscopic and binocular microscopic examination 



of drill cores, many of which were slabbed and the surfaces 
ground to less than 10 microns of relief. The drill cores 
were logged by the authors; the insoluble-residue samples 
were logged by the authors and by Ralph L. Erickson and 
Barbara Chazin (USGS) as part of geochemical studies of the 
quadrangle (Erickson and others, 1989). An additional 12 
drill holes logged for this study are not presented here, but 
are used in an unpublished compilation of the depositional 
history of the Upper Cambrian rocks of the region and their 
influence on later MVT mineralizing systems (Palmer and 
Hayes, unpublished data). Some of the relationships shown 
in these cross sections are based in part on information 
gained from other drill holes to the north and south of the 
study area. 

CLASSICAL STRATIGRAPHY 

Upper Cambrian sedimentary rocks of southern Missouri 
have been divided as follows (units are listed from the oldest 
to the youngest; descriptions are modified from Koenig, 
1961, and Kisvarsanyi, 1976). 

The Lamotte Sandstone consists of basal Upper 
Cambrian quartzose sandstone and local conglomerate, 
arkose, clay matrix sandstone, and bedded shale-rich facies. 

The Bonneterre Formation is typically light-gray to dark
brown, medium- to fme-grained, medium-bedded dolostone, 
and includes minor limestone units. The upper part of the 
formation contains two siliciclastic-rich members, the 
Sullivan Siltstone and Whetstone Creek Members. Locally, 
only the basal few feet of the Bonneterre have been 
dolomitized. 

The Davis Formation consists of thin-bedded limy and 
dolomitic gray-green shale, containing variably developed 
medium to thick interbeds of limestone and dolostone. 

The Derby-Doerun Dolomite is tan to buff, fine- to 
medium-grained, thin- to medium-bedded, argillaceous, silty 
dolostone. 

The Potosi Dolomite is brown to gray, fine- to coarse
grained, medium- to very thick bedded dolostone containing 
sparse to abundant blue-gray chalcedony and quartz druse. 

The Eminence Dolomite is a light-gray, medium-grained 
to very c;,oarse grained, medium-bedded to very thick bedded 
dolomite that contains a small amount of light -colored chert, 
mostly in the upper half of the formation. 

Because the Upper Cambrian sequence in Missouri has 
long been recognized as a facies complex (Howe, 1968), the 
entire stratigraphic sequence above the Bonneterre Formation 
was referred to informally as post-Bonneterre Cambrian in 
the recent CUSMAP study of the Springfield 1 o x 2 o 

quadrangle, and was divided into several depositional 
lithofacies that correspond closely to Howe's ( 1968) 
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interpretation of facies (Palmer, 1991). This reinterpretation 
made possible. direct comparisons of the Bonneterre MVT 
host facies of the Southeast Missouri lead district with Upper 
Cambrian facies in the Springfield quadrangle, because such 
facies are not unique to the Bonneterre Formation. The 
present study uses the same approach to distinguish 
depositional .lithofacies in the. Harrison quadrangle. 

CYCLES OF LATE CAMBRIAN SEDIMENTATION 
IN THE OZARK REGION 

Upper Cambrian rocks are at least 4, 700 ft thick near the 
Reelfoot graben in southeast Missouri (Schwalb, 1982) and 
thin gradually to 700 ft in western Missouri (Palmer, 1990). 
The nature of Cambrian sedimentary rocks underlying the 
Upper Cambrian Lamotte Sandstone near and in the Reelfoot 
graben in Missouri remains largely unknown. 

The Upper Cambrian sequence that overlies the fluvial 
and marine sandstone of the Lamotte comprises a series of 
transgressive-regressive cycles within a regional carbonate 
shelf. The regional shelf margin is at the Reelfoot graben 
(fig. 1). North and northwest of the graben, facies 
transitions between intrashelf basinal shales and platform 
carbonate rocks are characteristic of homoclinal ramps. 
However, some local facies variations indicate that ramps 
were distally steepened at places and that fringing banks were 
present locally along some ramps. 

There are two basic types of Cambrian transgressive
regressive sequences in this region. Type I sequences were 
deposited within the intrashelf basinal areas and consist of 
shallowing-upward cycles 60-200 ft thick composed of (1) 
basinal shale and lime mudstone, wackestone, and packstone, 
grading upward to (2) carbonate mudstone and wackestone, 
followed upward by packstone and grainstone of the ramp 
and shoal environments, and locally overlain by (3) platform
peritidal cycles dominated by bedded cryptalgal boundstone. 
The middle and upper parts of these cycles are mostly 
dolostone. In contrast, type II sequences were deposited in 
shallow-to-emergent platform core areas and consist of brown 
to coarsely recrystallized, light-gray to white ("whiterock") 
dolostone cycles 20-300 ft thick or more. These cycles have 
(1) clearly defined transgressive bases of packstone or 
grainstone, (2) ramp or subtidal-platform carbonate mudstone 
and wackestone, (3) either a packstone-grainstone shoal or a 
fringing bank of cyclically bedded cryptalgal boundstone, and 
( 4) emergent -platform cryptalgalaminate to coarsely 
crystalline and locally brecciated "whiterock" dolostone. 

Because most Cambrian formations in this region were 
named where the Davis Formation is present and is composed 
mostly of intrashelf basinal shale and limestone (a type I 
sequence), formation names have little application in the 
shallow platform core areas, where sequences are type II. 



Paleohydrologic studies, MVT mineral-resource assessments, 
and MVT exploration models are dependent upon an accurate 
representation of the regional stratigraphic and 
sedimentational framework. The first step in understanding 
this framework is recognition of the relationships between 
lithofacies and formational type-section terms currently in 
use. 

Figure 1, an exaggerated northwest-southeast section 
across southern Missouri, shows · diagrammatically the 
relation between th~ classical Upper Cambrian stratigraphy 
and the sedimentational cycles described herein. The locally , 
dramatic relief on the Precambrian surface in southern 
Missouri is highly_ exaggerated here. The Cambrian 
sequence thins gradually westward, and the number of 
recognizable transgressive-regressive cycles decreases. At 
the regional shelf margin (Reelfoot graben) at the southeast 
end of the section, there are 11 such transgressive-regressive 
cycles in the Lamotte Sandstone through Eminence Dolomite, 
whereas in western Missouri there are only three cycles in 
the equivalent Upper Cambrian rocks. Type sections for the 
Bonneterre and Davis Formations and Derby-Doerun (as used 
by the Missouri Geologica! Survey) and Potosi Dolomites are 
all within the central Missouri intrashelf basin. 
Transgressive-regressive cycles are schematically represented 
on this generalized section by symbols such as T2-R3, 
representing the stratigraphic position of maximum 
transgression T2 and the overlying stratigraphic position of 
maximum regression R3 . Equivalent numbers assigned to 
cycles from the west side to the east side of the St. Francois 
platform do not imply temporal equivalence; we know only 
the generalized position of stage boundaries in the eastern and 
western sections, not the detailed temporal correlation of 
individual cycles. 

DEPOSITIONAL LITHOFACIES 

The sedimentary carbonate rocks discussed herein are 
described using the rock-type classification of Dunham 
( 1960). 

Figure 2 is an idealized cross section (with very large 
vertical exaggeration) showing a conceptual model of the 
Late Cambrian depositional system in the Harrison 
quadrangle. The model shows the relative positions in which 
we believe the lithofacies described below and shown on 
cross sections A-A' and B-B' were deposited as simple 
transgressive-regressive depositional cycles on a carbonate 
platform, ramp, and intrashelf basin system. T1 and T2 are 
the profiles of the land surface from the land mass to the 
center of an intrashelf basin at two successive times. T 1 is 
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the profile at an early time, slightly after the time of 
maximum transgressive sea-level high-stand. T2 is the profile 
at the modelled Late Cambrian time. ML T and MHT are 
mean low tide and mean high tide, respectively, at time T 2 • 

Patterns on the diagram show possible lateral equivalent 
Jithofacies. 

The long dashed lines are projections of the paleo-depth
dependent facies contacts in carbonate rocks through the 
marine quartz sandstone facies. These projections indicate 
that the time of maximum transgressi~n is marked by the 
maximum lateral extent of the basinal facies shales, 
regardless of whether the rocks of the laterally adjacent 
depositional lithofacies are carbonate or marine quartz 
sandstone . The projection lines also indicate that marine 
quartz sandstones are the time-equivalent facies of several 
different carbonate depositional lithofacies. 

Vertical sequences · are inferred to be regressive, 
progradational, or shallowing upward where the shallower 
water lithofacies of figure 2-for example, the planar
stromatolite boundstone and burrowed carbonate mudstone, 
the digitate-thrombolite stromatolite boundstone, or the ooid 
grainstone lithofacies-overlie the deeper water 
lithofacies-for. example, the basinal, deep-ramp, or shallow
ramp lithofacies. The sequences are inferred to be 
transgressive or deepening upward where the deeper water 
lithofacies overlie the shallower water lithofacies. The rocks 
of Davis Formation time through mid-Potosi Formation time 
are examples of unbroken transgressive-to-regressive facies 
sequences on both cross sections, A-A' and B-B'. Erosional 
contacts that lack one or more lithofacies in the vertical 
sequence-for example, "deep ramp" over ooid grainstone 
facies, skipping ;, shallow ramp" -are taken to indicate abrupt 
change in depth for that place at that time . In this example 
the change would be interpreted as transgressive, and that 
place in the sequence would be referred to as a transgressive 
diastem, implying at least a short period of nondeposition. 
Such transgressive diastems correlate well over a large area, 
and are taken as the datums for cross sections A-A' and 
B-B'. The base of the Sullivan Siltstone Member of the 
Bonneterre Formation is just such a diastem; we believe that 
it correlates with other types of erosional contacts to the 
west, each a transgressive diastem with a deeper lithofacies 
over a shallower one, commonly skipping at least one 
adjacent depth-dependent· lithofacies of the model deposystem 
(fig. 2). 

The following are .brief descriptions of the Upper 
Cambrian lithofacies shown on cross sections A-A' and 
B-B' . Further discussion of the equiv'alent rocks in the 
Springfield quadrangle and their inferred depositional 
environments can be found in Palmer ( 1991). 
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Figure 2. Diagrammatic cross section (large vertical exaggeration) showing conceptual model of Cambrian depositional system 
in Harrison 1 o x 2° quadrangle, Missouri and Arkansas. T1 and T2, conceptual profiles of land surface from the land mass 
to the center of an intrashelf basin at times T 1 and T 2, respectively. ML T and MHT, mean low tide and mean high tide, 
respectively, at time T2• Solid-line facies contacts have been observed; short-dashed-line facies contacts are inferred. Long
dashed lines are projections of the facies contacts in carbonate rocks through the marine quartz sandstone facies. 

BASEMENT-CLAST SEDIMENTARY BRECCIA 

This breccia consists mostly of angular to subangular 
clasts of Precambrian rhyolite, granite, and metamorphic 
rock in a clast -supported matrix of poorly sorted and angular 
feldspathic quartzose sandstone. Hematite and silica are the 
most abundant cements, but dolomite cements are prominent 
where this facies is overlain by dolostone. 

FLUVIAL SANDSTONE FACIES 

The fluvial sandstone facies comprises two distinct types: 
a hematite-rich feldspathic and lithic quartz sandstone and 
conglomerate type, and a quartzose sandstone and 
conglomerate type. 

The hematite-rich feldspathic and lithic quartz sandstone 
and conglomerate units consist of fining-upward sequences of 
generally well segregated, reddish beds that ideally have (a) 
gravel bases (lag deposits as thick as 2 ft), (b) crossbedded, 
fining-upward sandstone (from a few inches to 8 ft thick), 
and (c) parallel-laminated silty shale or very fine grained, 
gray sandstone (about 1 in. thick or less). The crossbedded 
sandstone consists of medium- to coarse-grained subangular 
to subrounded quartz, lithic fragments, and feldspar. 

The quartzose sandstone and conglomerate units are 
similar to the sandstone and conglomerate units described

. above because they consist of sequences of conglomeratic, 
fining-upward cycles. The conglomerate is in thin beds (lag 
deposits as thick as 4 in.) and is composed of subangular to 
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subrounded polycrystalline quartz or quartzite. The 
sandstone is composed of fme- to medium-grained, 
subrounded quartz. Thin, gray, sandy ami micaceous shale 
beds are 1 in. thick or les~. The · s·andstone is commonly 
crossbedded and moderate!~_ fri~bl~;-, it is as thick as 8 ft 
between the gravel lags. · 

MARINE QUARTZ SANDSTONE FACIES 

The cross bedded sandstone facies consists of light -gray 
or white, fme to coarse, well-roqnded ' frosted quartz grains. 
Above the basal few feet, wiidentified black inarticulate 
brachiopods are common. Crossbecf sets may be as thick as 
5 ft and appear to be mostly trough. style. Some thinner sets 
of hummocky, cross-stratified sandstone are pre~ertt The 
marine crossbedded sandstone facies differs :from the 
underlying fluvial crossbedded sandstone facies in that it is 
better sorted, has rounded to well-rounded and frosted quartz 
grains, and contains locally abundant fossil debris and pelletal 
glauconite. Quartz is the predominant cement in these 
sandstones, but pyrite cement occurs in patches. 
Cementation is moderate to poor; the rock commonly is 
moderately friable. 

The burrowed sandstone facies is medium to dark gray 
and consists of fme- to coarse-grained, well-rounded quartz 
grains; it is locally mud rich (wacke). Inarticulate 
brachipods are abundant locally and may be complete, but are 
poorly preserved. The facies contains both vertical and 
horizontal trace fossils. Some vertical trace fossils are as 



long as 16 in. and may be escape b_urrows. Locally, the contain internal sediments (deposited . in cavities after 
lithofacies contains dolomitized hardgrounds. Generally the consolidation of the host rock) of mudstone to wackestone 
facies is gradational into overlying or underlying transitional and packstone. Almost all bound parts of the rock lack 
carbonate grains tones (described below). Gradation occurs internal structure or-have a clotted fabric. Internal-sediment 
by changes from quartz cement to carbonate cement, then grains includ~ echinoderm and trilobite· fragments, oncoliths, 
through increasing carbonate allochems .. Where more than . . irregularly sh_aped small; dark-gray spot clasts, and small 
50 percent of mechanically deposited grains are carbonate lithoclasts. ·· Not -all internal ... sediments are layered. 
allochems, this facies is said to have changed to a·transitional · B<?undsiqq.es within the d~ep-ranip fades commonly encrust 
grainstone. . . .. . · -Iiihoclast conglomerate· beds: 

The quartzose sandstone-: siltstone · facies is made up 
mostly of sandstone-siltstone beds interbedded with shale. 
The sandstone-siltstone beds are less than 2 ft thick and 
consist of siltstone to fine-grained, well-rounded quartzose 
sandstone. The shale interbeds are from a few inches to 3 
ft thick and consist of variably pyritic green, blue, and very 
dark gray shale. The shale and sandstone interbeds are 
commonly arranged into flaser ~d lenticular bedding. 

. TRANSITIONAL GRAINSTONE FACIES 

This facies consists of burrowed, ·sandy grainstones ~n 
which more than 50 percent of the grains are carbonate 
allochems-mostly coated lithoclasts and pelloids, and minor 
ooids. The facies commonly contains pelletal glauconite, and 
coated trilobite and brachiopod bioclasts. ~in and very thin 
mterbeds and ~~sp~ _ of calcareous or dolomitic silty shale are 
rare. This lithology is equivalent to that of the "19 bed" of 
the Bonneterre Formation in the Southeast Missouri lead 
district (Snyder and Gerdemann, 1968). 

SHALLOW-RAMP FACIES 

The shallow-ramp facies consists of horizontally 
burrowed -mudstone to wackestone interbedded with ooid
skeletal packstone and grainstone. These rocks are medium, 
to dark brown and consist of ooids, .fragments of trilobites, 
echinoderms; brachiopods, rare hyolithids and oncoliths, and 
local pelletal .glauconite. ~hale interbeds and beds of 
intraclast conglomerate are present but rare. 

DEEP-RAMP FACIES 

This faCies consists of brown to gray limestone and 
dolostone containing thin, rhythmic flaser, lenticular, and 
wavy bedding. Beds consist of cyclic alternations of basal, 
very fme grainstone grading upward t~ lime mudstone capped 
by thin shale. _Shale interbeds are sparse or absent in some 
sequences; in other sequences they may make up nearly 50 
percent of the vertical thickriess. Carbonate intraclast 
congiomerate is common and is. generally clast supported 
with skeletal wackestone or packstone matrix. Thrombolite 
bOundstone is rarely present. It consists of dark columns or 
fmgers of rock as much as a few centimeters in diameter that 
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:. BASINAL FACIES 

The basinal facies comprises dark-green, blue, and blue
gray shale with limestone and dolostone interbeds of varying 
thickp.esses, and minor thin sandstone interbeds. The 
carbonate interbeds include matrix- and clast-supported 
lithoclast conglomerate, trilobite-skeletal wackestone and 
packstone, dark-colored ·carbonate· mudstone and nodular 

· mudstone, and thin ooid-pelletal packstone and grainstone. 
All. of these lithologies except the mudstone commonly have 
thin, dark-colored mudstone caps. Interbedded rock types 
also include ooid-skeletal intraclast packstone and very fine 
grained quartzose sandstone .. Where the sequence consists of 
more than 50 percent carbonate interbeds, the rocks were 
interpreted to be deep-ramp facies, as described above. 

OOID GRAINSTONE FACIES · 

This facies consists of dark to light ..:brown limestone and 
dolostone containing, ·in order of abundance, ooids and minor 
oncoliths, trilobite-echinoderm fragments, pisoliths (large 
ooids), and grapes tone intraclasts. The grainstone units are 
crossbedded locally and only rarely burrowed. Rare, thin, 
lenticular interbeds of ooid-skeletal wackestone grading to 
packstone locally are burrowed and churned. . Ooid 
grainstone units of the post-Bonneterre Cambrian include 
ooid-dominant rocks and indeterminant grain-dominant rocks, 
and are medium brown to dark brown. All .post-Bonneterre 
Cambrian ooid grainstone-facies rocks are dolostones. 

DIGITATE-THROMBOLITE STROMATOLITE 
BOUNDSTONE FACIES 

The digitate stromatolite boundstone facies described by 
Larsen (1977, p. 411-414) consists of bedded grainstone to 
thrombolite cy~les that contain a base of ooid wackestone, 
packstone, or grainstone as thick as about 2 ft, overlain by 
nonl~inated microbial, digitate ·or columna! bound 
mudstone-wackestone 1-6 ft thick. Thrombolitic parts of 
these cycles commonly have a branching habit. The 
boundstones may change upward to laminated (stromatolitic) 
columns, the "digitate stromatolite" of Larsen (1977). 



PLANAR STROMATOLITE BOUNDSTONE 
AND BURROWED CARBONATE MUDSTONE FACIES 

This is the same facies as was named and described by 
Howe ( 1968). In drill cores from this study the facies 
consists of shoaling-upward sequences 2-15 ft thick.Where 
not erosionally truncated the sequences have a scoured or 
stylolitized base followed upward by lithoclast or oncolite 
grainstone. The grainstone units grade upward to pelloidal 
or ooidal units. They are followed by thrombolite or 
digitate-stromatolite boundstone units with grainy internal 
sediments. The internal sediments grade upward into 
packstone, wackestone, and (locally) mudstone. The bound 
portions of these units tend to coalesce and become 
stromatolitic, laterally linked hemispheroids that are 
interbedded with other cryptalgalaminated rock of the more 
classical planar stromatolite boundstone lithology (Larsen, 
1977). Cycle tops consist of interbeds of cryptalgalaminated 
boundstones, hemispheroidal bounds tones, and very thin 
graded beds of fine-grained carbonate grainstone grading 
upward to mudstone that commonly is extensively burrowed. 
The graded beds may have desiccation cracks, but no 
evaporite minerals are present and no molds or 
pseudomorphs of evaporite minerals were noted, in contrast 
to comparable shoaling-upward sequences in the Lower 
Ordovician rocks of the Harrison quadrangle (Hayes and 
others, 1992). Generally the color of each shoaling-upward 
sequence within this facies grades upward from darker to 
lighter shades. The basal units of the cycles may be dark 
brown but are more commonly shades of medium gray or 
medium brown. The rocks at the tops of the cycles are very 
light colored: cream, tan, light greenish gray, and pastel 
apple-green. 

CRYSTALLINE CARBONATES 

Over much of the region, the rocks described above have 
been recrystallized to such an extreme degree that their 
original depositional textures are obscured. We have divided 
these crystalline carbonates into the following three 
categories, which we here refer to as facies although they are 
diagenetic or hydrothermal facies, not depositional facies. 

Regional Crystalline Carbonate 

This facies includes rocks that probably originated as the 
"planar stromatolite and burrowed carbonate mud facies" of 
Howe ( 1968) and the "back reef facies" of Larsen ( 1977): 
light-colored, fine to coarsely crystalline, idiotopic, 
hypidiotopic, and porphyrotopic (Friedman, 1965) dolostone, 
and minor interlayered xenotopic mosaic dolostone near the 
base. Depositional fabrics are not well preserved in the 
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idiotopic-hypidiotopic units. Ghosts of various cryptalgal 
boundstones, crossbeds, and burrows are locally present. 
This facies has been correlated regionally as the Eminence 
Dolomite. Many parts of it consist of net-fabric dolostone; 
this consists of a groundmass of light-greenish-gray, micritic 
(fme crystalline, 100-150 p,), commonly porous dolomite, in 
a network of medium to coarse (350 p, to 5 mm), white, 
cloudy-centered and clear-rimmed dolomite crystals that 
locally are saddle shaped. These white, cloudy-centered and 
clear-rimmed dolomite crystals forming the strings of the 
network generally make up less than 5 percent by volume of 
the rock; the cloudy centers, white bodies, and clear rims 
appear to correlate with the first three of four generations of 
hydrothermal dolomite described below under "Hydrothermal 
Crystalline Carbonate. " . Green clay commonly occludes 
intercrystalline pores and forms the floors of vugs. Such 
rocks may have a high (almost 40 percent) intercrystalline 
and vuggy porosity. 

Hydrothermal Crystalline Carbonate 

This facies consists of tan to white to gray dolostone 
breccia and recrystallized dolostone that contains phantom 
dolomite clasts and green clay lithoclasts supported by 
matrix; both matrix and clasts commonly are recrystallized 
to a medium-grained (200-500 p,) mosaic dolomite. These 
rocks commonly are made up of 1-2 percent intercrystalline 
light-green clay and 1-5 percent pyrite, either interstitial to 
dolomite crystals, encrusting vugs, or intergrown with the 
latest generations of dolomite (see below). Individual 
dolomite crystals in the matrix, especially porphyrotopes and 
vug-occluding crystals, are saddle shaped and show four 
generations or zones of growth, proceeding outward from 
cloudy tan to milky white to colorless to pink. Dolomite 
crystals with similar growth zonation are found in rocks 
throughout the region (Hayes and others, 1990). Where such 
zoned dolomite crystals are found in orebodies, they are 
interlayered with the ore sulfide minerals (Voss and others, 
1989), indicating that these hydrothermal dolomites were 
deposited contemporaneously with the ore minerals. Rock 
units were mapped as hydrothermal crystalline carbonates 
only where more than 50 percent of matrix dolomite crystals 
showed this growth zonation. 

Other Crystalline Carbonates 

Rocks were placed in this category of "other crystalline 
carbonates" when the original depositional lithofacies could 
not be discerned but the rocks lacked the net fabric 
characteristic of regional crystalline carbonates and the 
relatively late, growth-zoned, saddle-shaped crystals 
characteristic of the hydrothermal crystalline carbonates. 



CONCLUSION: COMPARISON WITH 
ORE-HOSTING ROCKS IN OTHER MVT 

DISTRICTS 
AND APPLICATIONS TO THE 

HMUUSONl? X2°QUADRANGLE 

Major MVT sulfide deposits in the Squtheast Missouri 
lead district are hosted by each of the depositional lithofacies 
described in this report, except for the undolomitized basinal 
and . deep-ramp lithofacies and the fluvial-sandstone 
lithofacies. All other lithofacies are at least locally 
mineralized to ore grades somewhere within the greater 
Southeast Missouri district. Thus, on the basis of lithofacies 
alone-that is, independent of other factors that contribute to 
the formation of MVT deposits-these lithofacies are 
"favorable" as potential host rocks for MVT deposits, 
meaning simpiy that some rocks of these lithofacies contain 
MVT ores elsewhere in the region. Only the basal sandstone 
and breccia, and the rocks of the undolomitized basinal and 
deep-ramp lithofacies, should be considered unfavorable on 
the basis of lithofacies. 

The more important type of lithofacies control on MVT 
ore deposition pertains to the permeability of the underlying 
units . In the Tri-State zinc-lead district, the major deposits 
occur in Mississippian carbonate host rocks upsection from 
openings (windows) through one or more of the underlying 
shale units-that is, .within the area where three impermeable 
rock units, . the undolomitized Davis Formation, the 
Ch~ttanooga Shale, and the Northview Shale, are absent from 
the underlying section (Brockie and others, 1968, fig. 1; 
,Siebenthct1, 1915; Pratt and others, 1993a). It is inferred that 
in areas where the shales are present, ascending metal-
bearing brines were prevented from gaining access to the host 
rocks and depositing the ores. 

The windows through the Davis, Chattanooga, and 
Northview Shales in ~e Tri-State district are comparable 
with the eastward pinchout of impermeable, undolomitized 
parts of the lower and middle Bonneterre Formation west of 
the Viburnum Trend in the Southeast Missouri district; these 
are shaly, deep-ramp and basinal lithofacies rocks that pinch 
out generally within 1-2 mi west of the Viburnum Trend ores 
(Larsen, 1977, p. 414; Lyle, 1977, p. 427). The window 
through a shale below Tri-State orebodies corresponds with 
the zone where shaly limestone of the Bonneterre Formation 
is absent beneath Southeast Missouri ores. In the Old Lead 
Belt of the Southeast Missouri district, there was a probably 
identical arrangement of impermeable, undolomitized shaly 
limestones (locally referred to as "12 facies") relative to ores 
(Snyder and Gerdemann, 1968, p. 331, 335; E.L. Ohle, oral 
commun., 1988). In both the Tri-State and Southeast 
Missouri districts, ores were found adjacent to, and 100-400 
ft upsection from, the pinchouts of such shaly, undolomitized 
rocks. Pinchouts of these aquitard units are inferred to be 
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locations where laterally migrating ore fluids became 
unconfmed above, allowing the ore fluids to move upward 
across stratigraphy and eventually to deposit the ores. 

Thus we recognize three independent host-rock factors 
affecting MVT ore deposition in the Ozark region: (1) 
potentially favorable host rocks for MVT deposits include 
most of the carbonate lithofacies present here, .but not shales 
or shaly limestone aquitards; (2) favorable sites for ore 
deposition in carbonate host rocks were adjacent to and 
upsection from shale or shaly limestone pinchouts, or were 
above windows through the shales or impermeable 
carbonates; and (3) growth-zoned hydrothermal crystalline 
carbonates, which can be correlated by staining techniques 
with sparry dolomites in the -orebodies, were probably 
deposited . contemporaneously with the ores and are taken at 
least to indicate the p~esence of a component of ore fluids. 
(Other factors, such as structural controls and possible 
sources and flow routes of mineralizing fluids, are beyond 
the scope of this report.) 

In the northern Harrison quadrangle, lateral pinchouts of 
basinal and deep-ramp facies (aquitards) are present both 
west and east of drill hole 95 (64W30) within the Davis 
Formation and the upper part of the Bonneterre Formation, 
as shown on section A-A' (lithofacies). Moreover, as shown 
on section A-A' (stratigraphy), these rocks are undolomitized 
west of drill hole 95 and east of drill hole S-28 (64W22) . 
Therefore the rocks between these two limestone pinch outs, 
and 100-400 ft upsection from them, are considered to be 
favorable sites for MVT deposits ( 1) because of their 
favorable lithofacies and (2) because they are adjacent to and 
upsection from the pinchouts of shales or shaly carbonates. 

This cross-sectional area of favorable lithofacies shown 
on section A-A' is believed to be part of a north-south zone 
of favorable host-rock lithology. To the north this zone 
extends into the Springfield 1 o x 2 o quadrangle to connect 
with a similar favorable lithofacies zone shown on figure 8, 
section A-A', of Palmer (1991). To the south, the pinchout 
east of drill hole S-28 is believed to continue southward to 
connect with the pinchout of undolomitized basinal-facies 
rocks shown on section B-B' of this report, between drill 
holes H-44 (Prowett) and H-68 (Viola) in the Davis 
Formation. On the west side of section B-B' there are no 
undolomitized Davis Formation rocks. The western aquitard 
zone in section A-A' pinches out southward. The area where 
that western aquitard is present has been referred to as the 
Greenfield basin (Palmer, 1991). 

The limestone pinchouts shown on section A-A' of 
Palmer (19~1, fig. 8) and on sections A-A' and B-B' of this 
report delimit a north-south zone of rocks lying laterally 
between and upsection from the limestone pinchouts and 
within the Derby-Doerun and Potosi Dolomites. We believe 
these rocks to be of favorable lithofacies, favorably situated 
with respect to pinchouts of underlying impermeable facies, 



and to be potential host rocks for MVT deposits. All of the 
dolomitized rock of this favorable lithofacies zone also 
contains occurrences of hydrothermal sparry dolomite 
crystals partly occluding secondary porosity, and this 
hydrothermal dolomite is correlatable by staining with 
hydrothermal dolomite found in ore. We take this as 
evidence of the former presence of at least a component of 
ore fluids throughout this volume of rock. 

Deeper in the stratigraphic section, cross section B-B' 
shows two pinchouts of undolomitized, deep-ramp facies of 
the Bonneterre Formation, one east of drill hole H -44 and the 
other between drill holes H -68 and H -69. The undolomitized 
remnant between these pinchouts also pinches out northward 
between the two cross sections. The upper part of the 
Bonneterre Formation, on the dolostone side of these 
pinchouts, should also be considered potentially favorable for 
MVT deposits. These dolomitized Bonneterre rocks also 
contain widespread occurrences of the correlatable 
generations of hydrothermal sparry dolomite, partly 
occluding secondary porosity. 

In summary, on the basis of the three host-rock factors 
that affect MVT ore deposition in the Ozark region, there are 
three separate zones of favorability in Cambrian rocks in the 
Harrison quadrangle. The first of these is a zone within the 
Davis Formation and the upper part of the Bonneterre 
Formation in the northeastern part of the quadrangle 
(Douglas and Ozark Counties), east and south of where the 
undolomitized rocks of Palmer's (1991) Greenfield Basin 
pinch out. The second is a north-south zone of rocks in the 
Davis Formation and Potosi Dolomite in the eastern part of 
the quadrangle (Ozark and Marion Counties), east of the line 
connecting holes S-28 and H-44 and west of the pinchout of 
undolomitized Davis Formation. The third is a zone of rocks 
in the upper part of the Bonneterre Formation in the 
southeastern part of the quadrangle (Marion, Baxter, and 
Fulton Counties), west, north, and east of the undolomitized 
remnant within the Bonneterre shown on section B-B' 
(stratigraphy). Within each of these three favorable zones, 
and with the Southeast Missouri district as an example, rocks 
within several miles from the limestone pinchouts in map 
view, and 100-400 ft upsection from the respective 
pinchouts, are probably most likely to host MVT ores. 
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