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SEDIMENTOLOGY OF THE MIDDLE ORDOVOCIAN PLATTEVILLE FORMATION, 

SOUTHEASTERN MINNESOTA 

by 

John H. Mossier 

ABSTRACT 

The Platteville Formation, a thin Middle Ordovician unit, is 
subdi vided into several members in Minnesota. The basal Pecatonica and 
upper Carimona Members are present throughout all the Minnesota/western 
Wisconsin outcrop belt. The medial McGregor, which is recognized in the 
southern part of the Minnesota outcrop, is replaced by the Mifflin, Hidden 
Falls, and Magnolia Members in the Twin Cities area. Distribution of the 
Mifflin is restricted to the Twin Cities structural basin; the other two 
units extend slightly beyond the Twin Cities basin. Their distribution may 
have been influenced by proximity to a paleoshoreline north of the present 
outcrop. 

The Platteville Formation was deposited in a transgressing sea as part 
of the Middle Ordovician-Silurian Tippecanoe sequence. It is interpreted 
to have been deposited on a shallow marine shelf in deeper water than the 
shoreward facies represented by the underlying St. Peter Sandstone and 
Glenwood Formation. Fossils of stenohaline organisms are present 
throughout the formation. The formation has no exposure indicators, stro
matolites, or intraclasts. Features indicative of shallower water, such as 
ferruginous ooids and coquina layers, are present in the Twin 
Cities/western Wisconsin area. 

Hardgrounds--surfaces of submarine nondeposition indicative of low 
rates of sedimentation--characterize the Pecatonica and lower McGregor 
Members, but are less common in the upper part of the formation. The 
Carimona Member is characterized by limestone beds separated by shale beds 
and partings that thicken toward the west and north. This increased detri
tal sedimentation during deposition of the Carimona Member and the suc
ceeding Decorah Shale may indicate uplift along the Transcontinental Arch. 

The proportion of dolomi te to calci te in the carbonate rocks of the 
Platteville increases toward the north and northeast. In southern 
Minnesota the formation is principally limestone; in the Twin Cities 
Metropolitan Area and western Wisconsin, it has a high proportion of dolo
mite. 

The formation does not have any diagenetic fabrics indicative of 
subaerial exposure, and deposition of the overlying Decorah Shale appears 
to have followed deposition of the Platteville without interruption. The 
pervasive dolomitization is probably a result of burial diagenesis. 

INTRODUCTION 

The Platteville Formation is a thin Middle 
Ordovician (Champlainian) carbonate unit that 
crops out in southeastern Minnesota from the Twin 
Ci ties to the Iowa border. The general purpose 
of this report is to document maj or lithofacies 
within the formation and to present chemical and 
carbonate mineralogical data. 

The Middle and Upper Ordovician formations 
(Fig. 1) of southeastern Minnesota are the lower 

part of a succession (the Tippecanoe Sequence) of 
sedimentologically mature sandstone, siltstone, 
shale, and carbonate rocks that were deposited in 
a transgressing sea. In the northern Midconti
nent area, this marine incursion moved out over 
the craton from the Oklahoma basin (Ross, 1976) 
(Fig. 2). In Minnesota and northern Iowa, these 
sedimentary rocks were deposited in the Hollan
dale embayment, a lowland along the southeastern 
margin of the Transcontinental Arch. Rocks of 



similar lithology and equivalent age also were 
deposited on the northwestern side of the Trans
continental Arch in the Williston basin, where 
they are assigned to the Winnipeg and Red River 
Formations (Webers, 1972). 

The transgressive sequence begins with the 
St. Peter Sandstone (Fig. 1) and equivalents. 
The St. Peter was deposited in regimes associated 
wi th the transgressing marine waters, including 
beaches (Fraser, 1976), large submarine waves 
(Pryor and Amaral, 1971), and coastal eolian 
dunes (Dott and Byers, 1980). 

The overlying Glenwood Formation (Fig. 1) is 
interpreted to be a shallow marine shelf deposit 
(Ostrom, 1970; Schutter, 1978). Alternatively, 
the shale and sandstone of the Glenwood may have 
been laid down in a broad coastal lagoon 
occupying the area between the Transcontinental 
Arch and a barrier bar, the Starved Rock Member 
(Fig. 2) of the St. Peter Sandstone, that 
extended across north-central Illinois and 
southeastern Iowa (Willman and Templeton, 1963; 
Fraser, 1976). In southern Illinois, south of 
the Starved Rock bar, rocks equivalent to the 
Glenwood are carbonates that contain anhydrite 
which probably formed in a shallow closed basin. 
North of this basin, in northeastern Illinois, 
carbona tes in the Glenwood are interpre ted to 
have formed in a shallow supratidal to intertidal 
setting over the Starved Rock sandstone bar 
(Fraser, 1976). 

In contrast to the Glenwood carbonate rocks, 
the carbonates of the overlying Platteville and 
lower Galena (Cummingsville and Prosser Members) 
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Figure 1. Champlainian and Cincinnatian Series 
in Minnesota (modified from Webers, 1972). 

Formations (Fig. 1) are generally open marine 
subtidal deposits that interfinger with shale 
where they are close to the Transcontinental Arch 
(Weiss and Bell, 1956; Witzke, 1980). 

Upper Galena carbonates coincide with maximum 
transgression. Stewartville dolostones have some 
sedimentological features and faunas indicative 
of restricted marine circulation and hypersaline 
conditions (Webers, 1972; Ross, 1976), but normal 
marine conditions returned briefly during deposi
tion of the Upper Ordovician Maquoketa Formation 
(Ross, 1976). 

FIELD AND LABORATORY METHODS 

The twelve exposures selected at even spac
ings along the Minnesota outcrop belt for inten
sive study (Fig. 3) were comparatively recent and 
unweathered. Samples were analyzed by means of 
thin sections, polished and stained rock slabs, 
and x-ray and chemical analyses. Intermediate 
outcrops were less thoroughly studied, but were 
used in tying the principal outcrops together. 

WI LLISTON 
BASIN 

~ Present erosional edge of Middle Ordovician 
rocks. Hachures point toward areas where 
Middle Ordovician rocks are present • 
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Figure 2. Map of Midcontinental united States 
showing some geological features discussed in 
text (adapted from Witzke, 1980). 



Rock slabs and a few thin sections were 
stained with alizarin red-s and potassium ferri
cyanide using the methods of Dickson (1966). 
These stains reveal distribution of dolomite and 
calci te in the rock and the presence of ferrous 
iron in carbonates. X-ray analyses were used to 
determine relative proportions of calcite and 
dolomi te in the rock using procedures described 
by Royce and others (1971). A few slides of 
oriented clay minerals were prepared and x-rayed 
to identify clay mineralogy. Chemical analyses 
were done by the Mineral Resources Research 
Center. The rock classification used in this 
report is that proposed by Folk (1959). 

NOMENCLATURE 

The nomenclature currently accepted for sub
divisions of the Platteville in Minnesota 
(Austin, 1969, 1972) was originally proposed by 
Weiss and Bell (1956). It was derived from 
theses by students of W.C. Bell and R.E. Sloan on 
the stratigraphy of the Platteville. For most of 
Minnesota the classification divides the 
Platteville into three members (Fig. 1): (1) The 
basal Pecatonica Member (Hershey, 1897), a sandy, 
phosphatic, thick-bedded dolostone and dolomitic 
limestone. (2) The medial McGregor Member 
(Trowbridge, 1935), a dense limestone or dolo
mitic limestone that is characterized by thin, 
crinkly bedding. (3) The Carimona Member, a 
medium-bedded limestone with interbedded gray
green shale (Weiss, 1955). 

Within the Twin Cities Metropolitan Area, the 
medial McGregor Member is replaced by three mem
bers subdivided on the basis of local lithologic 
changes (Majewski, 1953; Weiss and Bell, 1956; 
Sloan, 1956, 1972; Austin, 1969, 1972). The 
basal unit is the Mifflin Member, a thin, crinkly 
bedded dolomitic limestone. The medial unit is 
the Hidden Falls Member, a massive, argillaceous, 
slightly fossiliferous dolostone. The uppermost 
unit is the Magnolia Member, a thick-bedded, 
slightly fossiliferous dolostone. 

The basal and uppermos t of the uni ts were 
named Mifflin and Magnolia because of their sup
posed resemblance to members of the Platteville 
of Wisconsin, which were named by Bays (1938). 
The medial unit does not resemble either southern 
Wisconsin unit and was therefore named for a 
locality in St. Paul (Sloan, 1956). Though most 
investigators (Majewski, 1953; Weiss and Bell, 
1956; Sloan, 1972) referred to these units as 
members, they were considered to be beds wi thin 
the McGregor Member by Austin (1972) because they 
are thin and have a localized distribution. 
Within the Twin Cities Metropolitan Area, it is 
advantageous to have names for these local units 
because the Platteville is commonly discussed in 
foundation and engineering reports for building 

-and highway construction. 

The most dramatic revision in Platteville 
nomenclature proposed by recent authors is that 
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proposed by Willman and Templeton (1963) who 
raised the Platteville to group status and 
divided it into three formations and 24 members. 
Their nomenclature was first applied in Illinois, 
where Platteville carbonates are much thicker, 
ranging from less than 10m (30 ft) in extreme 
northwestern Illinois to more than 180 m (600 ft) 
in extreme southern Illinois, and more sub
divisions of the Platteville are needed for 
geologic mapping and economic geology. Many of 
the geologic units in Illinois thin and pinch out 
toward the north where they are represented only 
by diastems or minor unconformities. State sur
veys in adjoining states have retained variants 
of older, simpler nomenclatUre, which is satis
factory where the Platteville is thinner. 

In Illinois, Iowa, and Wisconsin, the 
Carimona Member is included with the overlying 
Decorah Formation (Spechts Ferry Formation in 
Illinois) • In that area the Decorah is predomi
nantly limestone, and Carimona limestone has 
closer lithologic and faunal affinities with it 
than with underlying Platteville carbonates from 
which they are interpreted to be separated by a 
dias tern. In Minnesota, however, the Decorah is 
principally shale, and for this reason the 
Carimona limestone is considered part of the 
Platteville despite some differences in lithology 
from underlying McGregor limestone. 

GENERAL STRATIGRAPHY 

Members of the Platteville Formation are 
distinguished on the basis of lithological cri
teria and correspond to major facies of the for
mation. 

Pecatonica Member 

The basal member of the Platteville is a 
sandy, phosphatic, biogenic dolostone that is 
moderately thick bedded to massive. It is 
thickest in southeastern Fillmore and western 
Houston Counties where it attains a thickness of 
>2 m (7 ft). It thins rapidly to the north and 
west, and is absent in parts of Fillmore County 
(Weiss, 1957) and parts of Goodhue County (Weiss 
and Bell, 1956; Ford, 1958). In Fillmore County, 
the Pecatonica Member is laterally equivalent to 
the upper Glenwood (Weiss, 1957; Sloan, 1972), 
and Pecatonica dolostone grades laterally into 
the 1-foot-thick, massive, calcite-cemented 
sandstone bed of the upper Glenwood (Fig. 4), 
which is easily confused with Pecatonica 
dolostone. 

The Pecatonica thickens to the southeast 
toward northeastern Iowa, southwestern Wisconsin, 
and northwestern Illinois, and thicker sequences 
in Houston and southeastern Fillmore counties 
(Fig. 4) are a reflection of this thickening. In 
the Illinois basin it is as thick as 43 m (140 
ft) and has been divided into several members 
(Willman and Templeton, 1963). 



EXPLANATION 
South edge of Magnolia Member 

South edge of Hidden Falls Member 
AN 0 K A 

------ South edge of Mifflin Member 

Line of section (Figs. 4 and ~ ~ ) 

C R 0 I X 
• 

STEELE DODGE 

"2< 

FREEBORN MOW E R 

"22 

Principal outcrops are lettered 
Supplementary outcrops are numbered 

Outcrop with X - roy and 
chemical analyses 

I!> Outcrop with X-roy data'" 

o Outcrop with X -roy dota by 
Rassom (~967) 

o Outcrop with chemical analyses 

Supplementary outcrop and cores 

... Local ities F and K also hod 
X - roy data by Rassom (~967) 

Figure 3. Locations of measured sections and cores from Platteville Formation (shaded). 

A. Columbia Heights, Anoka County, NE1j4SE1j4 sec. 34, T. 30 N., R. 24 W. 
B. St. Paul, Ramsey County, El/2NE1/4SW1j4 sec. 5, T. 28 N., R. 23 w. 
C. Hampton, Dakota County, SE1/4SW1j4 sec. 22, T. 113 N., R. 18 W. 
D. Cannon Falls, Goodhue County, SW1/4SE1j4 sec. 18, T. 112 N., R. 17 W. 
E. Sogn, Goodhue County, SW1j4SW1/4 sec. 1, T. 110 N., R. 18 W. 
F. Ellsworth, Pierce County, Wisconsin, SW1J4 sec. 14, T. 26 N., R. 18 W. 
G. Faribault, Rice County, SE1/2SW1j4 sec. 9, T. 110 N., R. 20 W. 
H. Rochester, Olmsted County, NE1/4NE1J4 sec. 15, T. 106 N., R. 14 W. 
I. Chatfield, Fillmore and Olmsted Counties, NE1J4NW1J4 sec. 5, T. 104 N., R. 11 W. 
J. St. Charles, Winona County, SE1/4 sec. 31, T. 106 N., R. 10 W. 
K. Preston, Fillmore County, SE1j4NE1/4 sec. 7, T. 102 N., R. 9 w. 
L. Spring Grove, Houston County, SEI/4 sec. 17, T. 101 N., R. 7 W. 
1. Scandia, Washington County, NE1j4NW1j4 sec. 7, T. 32 N., R. 19 w. 
2. Lake Elmo, Washington County, NW1J4sw1j4 sec. 29 and NE1/4SE1/4, sec. 30, T. 29 N., R. 20 W. 
3. St. Paul, Ramsey County, NE1/4SE1/4 sec. 17, T. 28 N., R. 23 W. 
4. St. Paul, Ramsey County, Swl/4SE1j4 sec. 12, T. 28 N., R. 23 W. 
5. Northeast of River Falls, St. Croix County, Wisconsin, NWI/4 sec. 31, T. 28 N., R. 18 W. 
6. South of River Falls, Pierce County, Wisconsin, sl/2 sec. 8, T. 27 N., R. 18 W. 
7. North of Beldenville, Pierce County, Wisconsin, SEI/4 sec. 27, T. 27 N., R. 18 W. 
8. South of Beldenville, Pierce County, Wisconsin, SE1/4SW1j4 sec. 6, T. 26 N., R. 17 W. 
9. Cannon Falls, Goodhue County, SE1/4SW1/4 sec. 20, T. 112 N., R. 17 W., south edge of SE1j4 

sec. 18, T. 112 N., R. 17 W. 
10. Wangs, Goodhue County, SW1J4SE1j4 sec. 16, T. 111 N., R. 18 W.; SE1/4NE1/4 sec. 5, T. 111 N., R. 18 W. 
11. Sogn, Goodhue County, near center sec. 36, T. 111 N., R. 18 w. 
12. Nerstrand, Rice County, SW1J4Swl/4 sec. 35, T. 111 N., R. 19 w.; SE1j4 , sec. 9, T. 110 N., 

R. 19 W.; SE1j4Swl/4 sec. 3, T. 110 N., R. 19 W. 
13. Faribault, Rice County, SW1J4 sec. 33, T. 110 N., R. 20 W. 
14. Wanamingo, Goodhue County, NW1J4SE1j4 sec. 29, T. 110 N., R. 16 W.; NWl/4SW1/4 sec. 21, T. 

110N.,R.16W. 
15 Pine Island, Goodhue County, Swl/2SEI/4 sec. 29, T. 109 N., R. 15 W. 
16. Douglas, Olmsted County, SE1/4NW1j4 sec. 26, T. 108 N., R. 15 W.; SW1j4sw1j4 sec. 35, T. 108 N., R. 15 W. 
17. North Rochester, Olmsted County, SE1j4swlf4 sec. 24, T. 107 N., R. 14 W. 
18. South Rochester, Olmsted County, SE1/4NE1/4 sec. 14, T. 106 N., R. 14 W. 
19. Fountain, Fillmore County, SE1/4NE1j4 sec. 27, T. 104 N., R. 11 W. 
20. Mabel, Fillmore County, Swl/4SE1j4 and SE1/4SE1j4 sec. 15, T. 101 N., R. 8 W. 
21. Northern Natural Gas #1 Hollandale, Freeborn County (core), SE1j4SW1/4 sec. 7, T. 103 N., R. 19W. 
22. Minnegasco 114 John Kings trom , Faribault County (partial core), NW1j4NW1/4 sec. 6, T. 101 N., R. 24 W. 
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relationships of members of the 
Platteville Formation and distribution 
of some distinctive sedimentologic 
features. Section restored between 
outliers for clarity. 



A discontinuous 1-m interval (2 to 4 ft) of 
dolomitic siltstone, shale, and calcareous 
sandstone at the base of the Platteville, custo
marily placed in the Glenwood Formation by the 
Minnesota and Wisconsin Geological Surveys, is 
included in the Pecatonica by Willman and Temple
ton (1963) who named it the Hennepin Member. The 
Wisconsin (Os trom, 1969) and Minnesota surveys 
consider the interval to be affiliated with the 
underlying Glenwood because of its predominantly 
detrital nature. 

The Pecatonica can generally be distinguished 
from overlying units by its relatively high con
tent of quartz sand and collophane grains, higher 
dolomi te content, and thicker bedding except in 
the northern part of the study area, where it is 
directly overlain by the Hidden Falls which is 
itself massive and dolomitic. 

Smooth to slightly irregular, pitted, mineral
ized (pyrite, hematite, and limonite) bedding 
planes, like those in the McGregor Member (Fig. 
5), which apparently are diastemic surfaces, also 
are present in the Pecatonica. These surfaces 
typically are intensively bored and are covered 
by trails and by encrusting bryozoans, crinoids, 
and other organisms. They are interpreted to be 
submarine hardgrounds by many investigators 
(Prokopovich, 1955; Delgado, 1983). 

Hardgrounds are common in the Pecatonica 
Member and are especially prevalent near the top 
of the uni t in the thicker sequences in south
eastern Fillmore County (Fig. 4). The con
vergence of individual surfaces toward the north 
and west from Rochester is consistent with a 
decrease in thickness of the Pecatonica in those 
directions, and more common interruptions in car
bonate sedimentation toward the west and the 
Transcontinental Arch. These diastemic surfaces 
at the top of the Pecatonica south of Rochester 
indicate that the top of the member is isochro
nous in that area (Sloan, 1972). 

The marked li thologic change from Glenwood 
shale into overlying Platteville carbonate, as 
well as the abundance of phosphate grains in both 
formations near the contact, has been interpreted 
by some to indicate an unconformity (Elder, 1936; 
Willman and Templeton, 1963) or at least a wide
spread diastem at the formation contact. Willman 
and Templeton (1963) indicate that there also is 
a regional diastem at the top of the Pecatonica. 
However, as noted by Hoeft (1959), the abundant 
phosphate grains and ubiquitous hardgrounds prob
ably indicate many relatively short interruptions 
in sedimentation rather than widespread unconfor
mity. 

Except for thin «2.5 cm) intervals directly 
above hardgrounds, which appear to be grain
supported carbonates, the rock appears to have 
formed from fine-grained "muddy" carbonate sedi
ments that lacked a grain-supported framework. 
The grain-supported zones above the hardgrounds 
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contain interstitial 
ably introduced by 
burrowing. 

fine-grained 
infiltration 

matrix, prob
and infaunal 

The Pecatonica has a high insoluble residue 
content, although not significantly higher than 
other Platteville members, despite the fact that 
it is transitional from the detrital St. Peter 
and Glenwood formations. Majewski (1953) found 
17 percent insolubles in the Twin Cities basin; 
Ford (1958), 31 percent in Rice, Goodhue, and 
southern Dakota Counties; and Weiss (1953), 15 
percent in Fillmore County. Most insolubles are 
phosphate grains (collophane) and quartz sand 
grains; the remainder are chiefly pyrite and 
detrital silt and clay. 

Besides detrital sand grains, the Pecatonica 
contains many sand-size and larger fossil frag
ments; fragments from bryozoans, brachiopods, and 
pelma tozoans predominate. Though some of the 
comminution of these fossils might have been by 
mechanical processes, such as waves and currents, 
most comminution is probably the result of scav
enging organisms. The micri tic na ture of the 
Peca tonica indica tes that wave and current ac
tivity was negligible. Point counting of a few 
thin sections indicates that fossil fragments 
compose less than 10 percent of the rock in the 
Pecatonica. However some fossil material may not 
be recognizable because the rock is extensively 
dolomitized. 

Mifflin Member 

The distribution of the Mifflin Member 
(Fig. 3) corresponds closely with the boundaries 
of the Twin Cities basin, a small structural 
basin that formed in the northern part of the 
Hollandale embayment during Early and Middle 
Ordovician time. The Mifflin, which is 2.6 m 
(8.5 ft) thick in the center of the Twin Ci ties 
basin, is absent at Hampton in Dakota County at 
the southern margin of the basin (Fig. 4). 
Conversely, the underlying shale of the Glenwood 
thickens by approximately 2.1 m (7 ft) in the 
same distance. Outcrops on the eastern margin of 
the basin in St. Croix and Pierce Counties, 
Wisconsin, also lack the Mifflin. Sloan (1972) 
interprets the Mifflin of the Twin Cities to be 
laterally equivalent to the Glenwood at Hampton 
and farther south. The observed uniformity in 
thickness of the Glenwood-Pectonica-Mifflin strat
igraphic interval between St. Paul and Hampton 
results from this equivalency. 

The Hifflin is distinguished from the over
lying Hidden Falls and underlying Pecatonica by 
its thin, crinkly or wavy bedding (Fig. 6), minor 
dolomitization, and absence of collophane grains, 
detrital quartz sand, and silt-size grains. 

The 11ifflin is a sparse biomicrite that has a 
fossil content ranging between 10 and 20 percent. 
Pelmatozoans are most numerous. Less common are 
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Figure 5. Hardground, McGregor Member, near Preston in Fillmore County . 
Lens cover shows scale. 

Figure 6. Bedding in Mifflin strata, St. Paul. Hammer on ledge shows 
scale . 
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brachiopods, bryozoans, 
and miscellaneous other 
(1958) determined that the 

ostracodes, trilobites, 
invertebrates. Ford 
Mifflin has an average 

of 19 percent insolubles. 

The thin, crinkly beds of the Mifflin have 
generally been interpreted as short-crested 
ripple marks (Asquith, 1967; Sloan, 1972). 
However Byers and Stasko (1978) state that this 
feature may be 
simply reflect 
detri tal clay 
shaly partings 
residue zones 
solution. 

diagenetically induced and may 
an inhomogeneous distribution of 
in the original sediment. The 

between beds may be insoluble 
that are due to compaction-

The Mifflin is composed of dense, brown 
micrite that has not been aggraded to microspar. 
Dolomite selectively replaces the calcitic 
micri te along shale partings and burrows. Both 
may have had higher initial porosities. Fossil 
fragments are not dolomitized. 

Hidden Falls Member 

The Hidden Falls Member extends throughout 
the Twin Cities area and persists as far south as 
Faribault and Pine Island--farther south than the 
underlying Mifflin Member. To the north and 
northwest it grades into the Glenwood shale just 
like the Mifflin (Sloan, 1972). This is best 
seen in the vicini ty of Faribaul t (locali ty G, 
Fig. 4) where the Hidden Falls contains a tongue 
of shale. To the south, it grades into laterally 
equivalent McGregor limestone. The Hidden Falls 
is characteristically an argillaceous to silty 
dolomi te (Fig. 7) that is blocky to massively 
bedded (Fig. 8). It is soft and typically forms 
a recessive notch in outcrop. It commonly has a 
conchoidal fracture, especially in the Twin 
Cities area (Fig. 8). It is 1.1 to 1.7 m (3.5 to 
5.5 ft) thick. 

The Hidden Falls is distinguished from other 
units by its high content of insolubles, reces
sive outcrops, and massive to blocky bedding. A 
thin (2 cm) orange-yellow clay seam at the top of 
the unit has been interpreted by some to be a K
bentonite (Ford, 1958, p. 33). X-ray analysis of 
clay minerals indicates that it resembles 
weathered illite rather than K-bentonite; the 
clay seam occupies the same position at the top 
of the bed as a hardground in a fresher outcrop 
farther south in Goodhue County (locality E, Fig. 
3), and like the hardground, the clay seam may 
represent interrupted or diminished carbonate 
deposition. 

The Hidden Falls Member is lithologically 
variable. At Faribaul tit has a conspicuous 
shale interval at the top. At Ellsworth, Wiscon
sin, where it contains sand-size collophane 
fragments, quartz sand grains and "brassy" ooids 
(limonite) (Fig. 9), it has been correlated with 
the Pecatonica (Majewski, 1953, p. 24; Ford, 
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1958, p. 32), because of the conspicuous quartz 
sand and collophane content. 

The Hidden Falls is generally very sparingly 
fossiliferous «1 percent), although there are 
some fossiliferous lenses in it in the Twin 
Ci ties area. Scarci ty of fossi Is appears to be 
primary, although some may have been obliterated 
by dolomitization. 

Ford (1958, p. 33) found that the member con
tains an average of 36 percent insolubles, mostly 
clay and silt. Silt, clay, and very fine col
lophane grains are conspicuous in thin section 
(Fig. 7). Pyri te also is conspicuous in thin 
microlamellae parallel to bedding. Similar lami
nations in the Pecatonica have been interpreted 
to be remnants of subtidal algal mats (Fraser, 
1 976) • 

Magnolia Member 

The Magnolia Member is restricted to the 
northern part of the study area. It has wider 
distribution than the Mifflin, occurring outside 
the Twin Cities basin in western Wisconsin (Fig. 
3), and is equivalent to the upper part of the 
McGregor Member of southeastern Minnesota. The 
Magnolia is nonargillaceous dolostone with an 
average insoluble residue content of 8 percent 
and is poorly bedded to massive. It is charac
terized by coquinoid layers of brachiopods and 
other fossils «50 percent fossil fragments) 2 or 
3 cm (an inch or less) thick (Fig. 10) in an 
otherwise sparingly fossiliferous «10 percent 
fossils) rock. It is completely dolomi tized: 
even echinoderm fragments have been replaced by 
dolomite. It contains minor small «0.6 cm 
diameter) pyrite-lined borings or burrows and 
some pyrite-lined vugs. A well-developed bedding 
plane that possibly is a hardground (Maj ewski, 
1953; Willman and Templeton, 1963) separates it 
from the overlying Carimona Member. The Magnolia 
Member is generally about 2.4 m (8 ft) thick. 

McGregor Member 

In Hinnesota, the McGregor Member extends 
from Hampton in southern Dakota County to the 
Iowa border. It ranges in thickness from 1.7 m 
(5.5 ft) in the north to more than 5.5 m (18 ft) 
in the south (Fig. 4). Its upper part is lateral
ly equivalent to the Magnolia Member of the Twin 
Cities, and its lower part grades into the Hidden 
Falls. It may overlie the Glenwood Formation or 
either the Pecatonica or Hidden Falls Members of 
the Platteville. It can be distinguished from 
these units by its thin, irregular, wavy bedding; 
low dolomite content; and comparatively low con
tent of detrital silt, sand, clay, and collo
phane. 

The i-icGregor Member can be distinguished from 
the overlying Carimona Member by a slight color 
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Figure 7. Detrital silt in 
dolostone of Hidden Falls 
Member, St. Paul; repre
sentative quartz grains 
(white) and apatite 
grains (black). Bar 
scale is 0.5 mm long. 

Figure 8. Massive bedding 
in Hidden Falls strata, 
St. Paul. Note typical 
conchoidal fractures. 
Hammer shows scale. 

Figure 9. "Brassy" ooids in 
the Hidden Falls Member 
at Ellsworth, Wisconsin. 
Bar scale is 0.5 mm long. 



Figure 10. Coquina layers in Magnolia Member at St. Paul. 
shows scale. 

Lens cover 

change--the McGregor is generally light olive 
gray to yellow gray; the Carimona is pale yellow 
brown. In addition, in the area north of 
Rochester, the top 0.15 to 0.3 m (1/2 to 1 ft) of 
McGregor is composed of very thin beds and lenses 
of limestone with numerous shale partings. 

Some earlier investigators (Majewski, 1953; 
Weiss and Bell, 1956) placed the contact lower in 
the Cannon Falls area, inferring that the 
McGregor is absent there and that all the rock 
above the Hidden Falls is Carimona. However 
Ford (1958) , Sloan ( 1972) , and the author 
recognize McGregor (or Magnolia) at cannon Falls 
and typical McGregor also crops out farther north 
near Hampton. 

The McGregor Member is a sparse biomicri te 
that most closely resembles the Mifflin of the 
Twin Cities basin in overall lithology. Much of 
its fossil material is finely comminuted 
fragments that are more or less evenly distrib
uted through the rock, but tend to be somewhat 
more abundant along the tops of bedding planes. 
Bedding is irregular, crinkly, and wavy, like 
bedding in the Mifflin; however the average 
thickness of beds is somewhat greater in the 
McGregor. 

The McGregor is more intensively dolomitized 
toward the north (Fig. 11); dolomi tiza tion is 
pronounced in the vicinity of the Twin Ci ties 
basin. The pattern of dolomitization is similar 
to that in the Mifflin, with most dolomitization 
along shale partings and in burrowed zones. 
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The McGregor contains some hardground sur
faces especially in the area south of Roches ter. 
The zones that were observed are confined to the 
basal 1.2 m (4 ft) of the formation (Fig . 4) . 

Insoluble residue content is very low and 
averages between 5 and 10 percent. Where the 
McGregor directly overlies the Glenwood Formation 
in north-central Fillmore County, its basal 5 cm 
(2 inches) are sandy (Weiss, 1957) . 

In extreme southeas tern Fillmore County and 
in Houston County, the top 0 . 3 to 0 . 7 m (1 to 2 
ft) of McGregor is composed of subli thographic 
limestone that has a "glassy" appearance and 
conchoidal fracture, and resembles limestone from 
the Quimbys Mill Member of southern Wisconsin and 
Illinois (Weiss, 1957). 

Carimona Member 

This member is composed of interbedded 
limestone and shale, which is similar in 
appearance to the shale of the overlying Decorah . 
The upper contact of the Carimona with the 
Decorah Shale is customarily placed at the top of 
the highest prominent limestone bed . As a 
result, the contact does not occur at the same 
horizon throughout southeastern Minnesota (Fig . 
4). Limestone beds bifurcate toward the north 
and northwest and intervening shales thicken, and 
so the contact picked in the Twin Cities area or 
near Faribault is stratigraphically lower than 
farther southeast (Sloan, 1972). 





In Wisconsin and Iowa, the Carimona or 
equivalent beds are considered to be the basal 
member of the Decorah. Assignment of the 
Carimona to the basal Decorah in Iowa and 
Wisconsin is due in large part to changes in 
thickness and li tho logy of the member at its 
feather edge. The basal contact with the 
McGregor Member (with QUimbys Mill in Wisconsin 
and Iowa) is a prominent bedding plane that may 
represent a diastem (Willman and Templeton, 
1963) • 

The Carimona is generally sparse biomicri teo 
However, in the area south of Rochester, the 
basal bed is packed biomicrite (Fig. 12). The 
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density of fossils may be due to widespread 
killing of organisms during deposition of the 
altered volcanic ash bed (Fig. 13) which directly 
overlies the basal Carimona limestone bed. In 
Fillmore County, zones packed with gastropods are 
found in the limestone bed immediately above the 
K-bentonite (Fig. 4); the fossils are associated 
with shale partings in the limestone (Weiss, 
1953, p. 43). In the Rochester/Chatfield area of 
eastern Olmsted County, limestone full of the 
brachiopod Nicolleti protozyga occurs interbedded 
wi th the sha le in the lower of two prominent 
shale partings within the Carimona limestone 
overlying the K-bentonite (Sloan, 1972) (Fig. 4). 
Linguloid brachiopods, some of them in life posi-

Figure 12. Packed bio
micrite in the base of 
the Carimona Member, near 
St. Charles, Winona 
County. Note close 
packing of fossil 
fragments and compression 
of smaller fossil 
fragments around crinoid 
stem. Bar scale is 0.5 
mm long. 

Figure 13 -- Carimona K
bentonite south of Sogn 
in Goodhue County. Base 
of Carimona Member is 
just above the shale 
parting at bottom of 
photo. Hammer's head is 
in K-bentonite. Imper
meability of K-bentonite 
is responsible for seep
age of moisture visible 
along the base of K
bentonite. 



tion, are known from the Carimona in the vicinity 
of Cannon Falls (Sloan and Weiss, 1956; Sloan, 
1972) • 

In the southern part of the study area, 
ostracodes are the dominant fossil in the top bed 
of the Carimona, and other forms are scarce, 
although a thin Decorah-type coquina is plastered 
on top of this bed in Fi llmore County (Weiss, 
1953). Rare specimens of Endoceras proteiforme, 
a large cephalopod, occur lnttie-li;-es-ton-e- beds 
directly above the K-bentonite. These cephalo
pods generally have had the upper half of their 
shell destroyed by processes that probably were 
similar to those that formed hardgrounds in the 
Pecatonica and McGregor. Limestone beds of the 
Carimona contain 5 to 10 percent insolubles 
(Weiss, 1953; Ford, 1958, p. 51). 

AUTHIGENIC AND DIAGENE'rIC MINERALS 

The most prominent diagenetic change in the 
Platteville Formation is dolomitization. Samples 
of rock were ground to <325 mesh fineness and x
rayed, and the proportions of dolomite and 
calci te were determined using the technique 
outlined in Appendix A; the relative proportion 
of dolomite to calcite in carbonate rocks of the 
Platteville was determined for 117 rock samples 
from 11 localities (Appendix B). 

The x-ray data are shown diagramatically on 
Figure 11 because the geographic distribution, as 
well as the stratigraphic distribution, is sig
nificant. The x-ray procedure allows the pro
cessing of numerous samples, which is a necessity 
if both geographic and stratigraphic variations 
are to be mapped. 

Stratigraphically, the most pervasive dolo
mi tization is in the Magnolia and Hidden Falls 
Members. Both units are almost everywhere 90 to 
100 percent dolomite (Fig. 11; Appendix B). The 
Pecatonica is also generally highly dolomitic, 
but the distribution of dolomite is less predic
table. 

The 
closely 
tion. 
Ci ties 

geographic distribution of dolomite is 
related to its stratigraphic distribu

The most dolomitic rocks occur in the Twin 
basin (Fig. 11) and in Pierce and St. 

Croix Counties, Wisconsin, which adjoin the Twin 
Cities area on the east. This geographic distri
bution corresponds roughly to the distribution of 
the two most dolomitic units, the Hidden Falls 
and Magnolia. 

The dolomite is diagenetic, rather than a 
primary sediment, as demonstrated by the way it 
crosscuts stratigraphic units (Fig. 11) and 
replaces fossil fragments. Its selective re
placement of matrix in the limestone, especially 
along primary sedimentary features such as shale 
partings and former animal burrows and borings, 
indicates that dolomitization probably occurred 
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before extensive recrystallization and lithifica
tion of the calcareous matrix. The generally 
idiotopic (Fig. 14), rather than xenotopic 
fabric indicates that the dolomite crystals 
formed under near-surface low temperatures (>50 
to 100 0 C) (Gregg and Sibley, 1984). The general
ly zoned crystals with cloudy centers and clear, 
euhedral rims (Fig. 15) indicate rapid early 
dolomitization in an environment containing abun
dant calcium and other contaminating ions, 
followed by slower precipitation in low-calcium 
waters. In addition, the generally blue staining 
of the dolomite crystals with potassium ferri
cyanide, both in thin section and on polished 
rock slabs, indicates ferrous iron in the car
bonate lattice (Dickson, 1966), and therefore 
dolomite that formed under reducing conditions. 

Several other authigenic and diagenetic 
minerals besides dolomite are present in the 
Platteville Formation. Most are trace amounts, 
and although volumetrically insignificant com
pared with dolomite, their presence is nonethe
less significant. The minerals observed include 
pyrite, limonite, collophane, glauconite, chert, 
gypsum, authigenic feldspar, sphalerite, flu
orite, and galena. Secondary calcite spar, like 
dolomite, is quite common. 

Pyri te is widespread; it occurs in the mi
cri tic groundmass of the rock, encrus ts hard
grounds (Fig. 16), and occurs in veins filling 
fractures with late ferroan calcite. Iron 
sulfide found in recent fine-grained sediments is 
interpreted to be syngenetic (Love, 1967). The 
pyrite that occurs along fine laminations in the 
Hidden Falls is probably syngenetic, and much of 
the pyrite in the fine-grained matrix may be 
syngenetic. Conversely, pyrite associated with 
ferroan calcite spar in veins crosscutting dolo
mitized limestones must be late diagenetic and 
postdate dolomitization. 

Limonite is a common alteration product of 
pyri teo The pyrite along hardgrounds is par
ticularly susceptible to weathering. Because of 
the strong acid from breakdown of pyri te, hard
grounds weather back in old exposures and appear 
similar to normal bedding planes (Delgado, 1983, 
p. A10). The ooids (Fig. 9) at Ellsworth, Wis
consin (locality F) are composed of limonite. 
This limonite may be an alteration product of the 
iron-rich clay mineral chamosite, if the origin 
of the ooids is analogous to that proposed for 
similar ooids in the overlying Decorah Shale 
(Crews, 1982). 

Traces of glauconite, another iron-rich clay 
mineral, were found in the Pecatonica at Spring 
Grove (locality L). Glauconite is a syngenetic 
clay mineral that generally forms where sedimen
tation is slow or lacking. 

Pellets and incrustations of collophane are 
present near the basal contact of the Pecatonica 
Member and along the hardgrounds in other mem-



Figure 14. Idiotopic dolomite crystals . Note 
euhedral to subhedral crystal shapes and 
straight intercrystalline boundaries . Bar 
scale is 0. 5 mm long . 
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Figure 15. Zoned dolomite crystals with clear 
rims and cloudy centers . Bar scale is 0 . 1 mm 

. long . 

Figure 16. Hardground near 
Mabel, Fillmore County. 
Note abundance of pyrite 
(black) below hardground 
surface and absence of 
pyrite above surface. 
Note also truncation of 
bioclast at hardground 
surface. Bar scale is 
0 . 5 mm long . 



bers, particularly the McGregor. Silt- to sand
size collophane grains are present in the Hidden 
Falls. These are also interpreted to be synge
netic and to signify reduced sedimentation and 
disconformity. 

Minor gypsum (selenite) was observed filling 
a few vugs (dissolved brachiopod shells) and 
borings in the Magnolia at locality B. 

Authigenic silica (chert) appears to be quite 
rare in the Platteville in Minnesota, but small 
patches were observed in a few thin sections. It 
replaces some calcareous fossils such as 
bryozoans or brachiopods. 

Overgrowths were seen on the few feldspar 
grains observed in the Pecatonica. Weiss (1954) 
found abundant diagenetic orthoclase in clay 
seams that he interpreted as altered volcanic ash 
beds. Another authigenic mineral derived from 
altered volcanic ash is mixed-layer mica
montmorillonite (MossIer and Hayes, 1966). 

La te diagenetic sparry calcite occurs along 
fractures and joints, and in vugs formed by 
dissolution of fossils. There is also poikilo
topic calcite cement, particularly in the 
Pecatonica Member and in underlying Glenwood 
sandstones. Some of the last-formed, void
filling calcite is ferroan, as is associated 
coarse dolomite. 

Sphaleri te and galena in the Platteville in 
Minnesota are interpreted to be outlying miner
alization of the Tri-State district (Heyl and 
West, 1982). Lead mineralization has been 
observed in Fillmore County (Winchell, 1876, p. 
298; 1884, p. 292; Sloan, pers. comm. cited in 
Heyl and Wes t, 1982). Sphalerite was observed 
during the course of this study at locality 14 
(Fig. 3) in Goodhue County (with fluorite) and at 
locality B in Ramsey County. The sphalerite was 
associated with slightly ferroan void-filling 
dolomite and calcite. Chalcopyrite has also been 
observed in the Twin Cities Metropolitan Area 
(Morey, written comm., 1984). 

DIAGENETIC FABRICS 

On the basis of criteria presented by Longman 
( 1980) and Heckel (1983), it can be shown that 
the carbonates of the Platteville Formation have 
fabrics that are characteristic of transgressive, 
offshore marine rocks. The fabrics are similar 
to those of carbonate sediment that is interpret
ed to have gone from the marine phreatic zone 
into the deeper burial, connate zone without 
significant exposure to the subaerial or fresh
water environment. 

Calcareni tes or biospari tes, such as those 
directly beneath the Carimona K-bentonite (Fig. 
12), are overcompacted. Grains are crushed and 
commonly have more than the normal number of 
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grain-to-grain contacts. Some grain-to-grain 
contacts are sutured (Fig. 17), and there are 
minor microstylolites along shale partings. Pore 
space is greatly reduced, and cement is minimal. 

Most vugs now are filled with blocky calcite 
spar composed of roughly equant crystals that 
increase in size from the margins toward the 
center of the former void (Fig. 18). Fibrous to 
bladed, cloudy cements are characteristic of 
early cementation in the marine environment 
(Longman, 1980; Heckel, 1983). No cloudy, 
fibrous cement was observed in thin section, and 
cloudy, blocky cement, dogtooth crystals, and 
bladed cement with undulatory extinction are 
quite rare and inconspicuous. Therefore signifi
cant cementation apparently did not occur in the 
marine phreatic or vadose environment, or if it 
did, the cement was subsequently destroyed. 
Limited micritic cementation probably occurred in 
the marine environment along hardgrounds, as 
suggested by Delgado (1983, p. A10). However 
this is hard to demonstrate, because micritic 
cement resembles micrite of the originally muddy 
sediment. Blocky equant calcite cement generally 
forms in either the meteoric phreatic or the 
deeper burial, connate environments (Heckel, 
1983). The lack of evidence that meteoric 
leaching of carbonate grains led to the formation 
of vugs and solution/collapse features seems to 
rule out diagenetic alteration in the meteoric 
phrea tic zone. 

Overgrowths on echinoderm fragments are rare; 
most fossil fragments, including echinoderms, 
appear to have ragged edges and look slightly 
corroded (Fig. 19). Similarly, the upper parts 
of large endocerid cephalopod shells have been 
dissolved away (Webers, 1972). Carbonate disso
lution in modern marine sediments occurs where 
the overlying marine waters are undersaturated 
with respect to calcium carbonate (Alexandersson, 
1978). Corroded fossil fragments are considered 
characteristic of carbonate that formed offshore, 
in deeper, cooler water (Heckel, 1983). 

Pelletal carbonate is volumetrically insig
nificant and is generally observed only in shel
tered areas beneath fossil fragments or within 
body centers of such fossils as gastropods where 
it was not subjected to compaction (Fig. 20). 
Platteville carbonates contain borings and 
burrows, and fecal pellets presumably would be 
more common if sediments had not been subject to 
early compaction prior to lithification. By 
contrast, regressive marine carbonates have sub
stantial pre-lithification interstitial cement 
which preserves pelletal fabrics (Heckel, 1983). 

The carbonates are generally fairly dark 
colored and dense, and contain appreciable 
ferroan carbona te--fea tures characteristic of 
transgressive calcilutite or biomicrite, which 
point to long-term compaction and maintenance of 
low-oxygen conditions before final cementation 
(Heckel, 1983). 



The diverse faunas, including many filter 
feeders, of all members of the Platteville, as 
well as the overlying Decorah Shale, indicate 
normal marine salinity. Faunas suggestive of 
stressing of the normal marine environment, as 
might be anticipated in regressive carbonates, 
were not observed. 

Although much of the rock is composed of 
micrite (microcrystalline calcite, 1-4 micron 
diameter) without evident grain growth, the 
matrix in some thin sections is coarser than 
micrite and probably is recrystallized to 
microspar. The spatial distribution of this 
material is irregular, and no systematic study 
was made of its distribution. However microspar 
seems to be more common in close proximity to 
zones that have been dolomitized. Perhaps some 
of the calcium displaced by dolomitization went 
into grain growth and microspar. 

ORIGIN OF THE DOLOMITE 

Various models have been proposed for dolo
mitization in ancient rocks. One widely applied 
model attributes dolomitization to evaporative 
pumping or capillary evaporation of saline waters 
through calcareous sediments in an arid tidal 
flat or sabkha (Illing and others, 1965). 
Another postulates reflux of hypersaline brines 
through carbonate sediments (Deffeyes and others, 
1965). Rocks that formerly contained evaporitic 
minerals commonly have relict molds or pseudo
morphs of vanished evapori tic minerals, such as 
gypsum, calcitized or silicified nodules, or 
solution-collapse breccias. However, none of 
these features have been identified in the 
Platteville of Minnesota. The small occurrence 
of gypsum at locality B (Fig. 3) fills fossil 
body cavities and borings in dolostone and 
apparently postdates dolomitization. 

Another popular model for dolomitization 
involves mixing of marine water with fresh 
meteoric water in the phreatic zone (Land, 1973; 
Badiozamani, 1973). The mixing results in water 
with a relatively high Mg/Ca ratio and low salin
ity that is supersaturated with respect to dolo
mite and undersaturated with respect to calcite. 
This mechanism (dorag model) has been proposed 
for Platteville and Galena carbonates (Badio
zamani, 1973), but it fails to account for the 
lack, in Minnesota as well as in Iowa (Witzke, 
1983), of an emergent zone of sufficient size and 
duration to have caused widespread dolomitization 
of Middle Ordovician carbonates. The principal 
supporting evidence for the dorag model, as well 
as for the reflux (hypersaline brine) mode.l, 
would seem to be the location of the most inten
sively dolomitized rocks near the margin of the 
Hollandale embayment where they could have been 
in close proximity to zones of reflux or fresh
water intrusion. This evidence appears inconclu
sive because distribution of dolomite in rocks of 
equivalent age in Iowa evidently bears no rela
tionship to paleoshorelines (Witzke, 1983). 
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If dolomitization by mixing of fresh and 
marine waters occurred, it must have occurred 
after deposition of most of the Maquoketa 
Formation because patterns of dolomitization in 
the Maquoketa and Galena largely correspond, and 
because there was no widespread emergence before 
the end of Maquoketa time (Delgado, 1983). All 
Platteville carbonates in Minnesota are inter
preted to be subtidal and none have early diage
netic fabrics that can be unequivocally attrib
uted to diagenesis in the meteoric zone, such as 
solution/collapse features in formerly metastable 
(aragonitic) carbonate grains (Heckel, 1983). 
Features indicative of emergence and desiccation 
(Heckel, 1983), such as birdseye fabrics and mud 
cracks, also are absent, as are relict caliche or 
residual soils. Badiozamani (1973) related three 
major shifts in the limestone/dolostone boundary 
in Wisconsin to reflux of marine water. However 
these boundaries (McGregor/Pecatonica, Quimbys 
Mill/McGregor, and Guttenberg/Quimbys Mill) appear 
to follow hardgrounds described by Willman and 
Kolata (1978, see also Byers, 1983), which are 
considered to be submarine. 

Another argument against dolomitization by 
mixing of fresh and marine water is the ubiquity 
of authigenic K-feldspar in the Lower Paleozoic 
rocks of the area including the Glenwood and St. 
Peter formations (Odom and others, 1979). 
According to Friedman (1980), authigenic feldspar 
is an indicator of brines. The only authigenic 
mineral in the St. Peter indicating freshwater is 
kaolinite, the last to form and present only 
where freshwater has invaded the sandstone (Odom 
and others, 1979). 

Data presented by Badiozamani (1973) indicate 
exchange of oxygen isotopes and trace elements 
(Sr, Na) in Mifflin carbonates, in Wisconsin, 
with meteoric water. However, according to a 
discussion by Land (1980), interpretation of such 
isotope and trace element data is ambiguous, 
because most ancient platform dolomites have been 
affected by massive neomorphic replacement and 
later cementation. Isotope values for the 
Mifflin appear to fall within the range of late 
diagenetic dolomite, as shown by Mattes and 
Mountjoy (1980, fig. 25), and are consistent with 
Land's conclusions. 

The dolomite does not appear related to 
hydrothermal activity associated with mineraliza
tion in the Tri-State lead-zinc district, because 
its geographic distribution bears no relationship 
to the lead-zinc mineralization and most of it is 
idiotopic dolomite which is said to form at low, 
near-surface «50°-100°C) temperatures (Gregg and 
Sibley, 1984). Badiozamani observed that, with 
minor exceptions, dolomitization of Ordovician 
carbonates in Wisconsin appears older than the 
mineralization. 

Mg-rich fluids expelled by the compaction of 
shales (McHargue and Price, 1982) and fluids from 
s tyloli tiza tion and solution of high-Mg calcite 
(Wanless, 1979) could have contributed to dolo-



Figure 17. Sutured grains in the McGregor 
Member at St. Charles, Winona County. Each 
echinoderm fragment (E) is a single crystal. 
Bar scale is 0.1 mm long. 

Figure 19. Corroded echinoderm fragments (E) in 
the Mifflin Member, St. Paul. Bar scale is 
0.1 mm long. 
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Figure 18. Drusy calcite spar in the Carimona 
Member at Spring Grove, Fillmore County. 
Note overgrowths on echinoderm grains. 
Overgrowths are rare in the Platteville. Bar 
scale is 0.5 mm long. 

Figure 20. Pellets in burrow in the McGregor 
Member, Chatfield. Bar scale is 0.5 mm long. 



mitization. Pressure solution as the origin for 
dolomi te in the Mifflin and McGregor enables the 
erection of a plausible, integra ted diagenetic 
history for these units, explaining the origin of 
the wavy, nodular bedding, as well as the dolo
mite, by preferential solution along shaly zones. 
Close proximity of seam solution and stylolitiza
tion to dolomitization would solve the problem of 
fluid transport in fine-grained sediments which 
must have had relatively low initial permeabil
i ty. 

Ma ttes and Mountj oy (1980) mention a prin
cipal advantage of dolomitization during burial 
diagenesis over purely syngenetic and early 
diagenetic hypotheses is that pore fluids would be 
fairly stable in composition and would remain in 
contact with the sediments for a long time. One 
problem with the mixed-water dolomitization model 
(Badiozamani, 1973) is that it is difficul t to 
envision dolomi tizing fluids having a very long 
resident time in a given stratigraphic interval 
(Witzke, 1983, p. D23). 

Under burial diagenesis conditions, tem
peratures should rise, aiding dolomitization by 
reducing the hydration barrier of Mg+2 ions 
(Usdowski, 1968). The alkalinity (C03-2 and OH-1 
content) of the interstitial fluid would be 
increased in a reducing environment (Lippmann, 
1968), whereas sulfate content (S04-3), an in
hibiting factor in dolomitization (Baker and 
Kastner, 1981), should be reduced. The wide
spread presence of ferroan dolomite in the 
Platteville, which is shown by potassium ferri
cyanide staining, indicates dolomite formed under 
reducing conditions. 

Wi th the exception of very minor late-stage 
protodolomite, Middle Ordovician dolostones out
side the lead-zinc district are composed chiefly 
of stoichiometric dolomite (Badiozamani, 1973; 
Witzke, 1983). This would seem consistent with 
burial diagenesis, which would proceed slowly and 
produce well-ordered crystals. Rapid dolomitiza
tion in micritic sediments should produce gen
erally non-stoichiometric dolomite because of 
depletion of the initial supply of magnesium. 
Lumsden and Chimahusky (1980, p. 134) found that 
stoichiometric dolomite is most commonly associ
ated with evaporitic sediments, where it is 
syndepositional, as well as with crystalline 
dolostones, where it is interpreted to be middle 
to late diagenetic. 

Most dolomite crystals in the Platteville 
Formation are zoned with cloudy centers and 
clearer rims (Fig. 15). Zoning indicates 
multiple episodes of dolomitization and may indi
cate dolomitization that occurred over an ex
tended period of time. The more permeable parts 
of the Platteville were probably selectively 
dolomi tized. For example, the Hidden Falls is 
siltier than other units. The silt-size quartz 
and collophane grains may reflect the original 
grain size of the carbonate. The Magnolia has 
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numerous coquina layers which may have acted as 
conduits. Other units are less intensively dolo
mitized but have selective dolomitization along 
burrows and shale partings or bedding planes. 
According to Delgado (1983, p. All), dolomitiza
tion in the Galena Formation follows burrow 
systems descending from bedding planes and is 
most intense at the upper bedding-plane surface. 
Dolomitization patterns in the 1-1ifflin and 
McGregor Members of the Platteville appear simi
lar. 

DEPOSITIONAL MODEL 

Most authors (Sloan, 1972; Webers, 1972; 
Byers, 1983) agree that the Platteville was 
deposi ted in a quiet subtidal environment. 
Facies changes are minimal, and the units can be 
traced for "scores, even hundreds of ki lometers" 
(Willman and Templeton, 1963). Most lateral 
changes are due to nondeposition or submarine 
erosion along hardgrounds (Byers, 1983). 

Stenohaline organisms are present throughout 
the formation (Webers, 1972). From the forms 
present and their distribution, there is no 
reason to interpret the Platteville as anything 
other than a normal marine environment, unlike 
some other Ordovician units like the Oneota and 
Stewartville which contain organisms apparently 
able to tolerate harsh, probably hypersaline, 
conditions. Even the Pecatonica, thought by some 
to be a generally unfossiliferous unit (Weiss, 
1957), has fossil material that can be seen in 
thin section, though most fossils are dolomi
tized. 

The biggest change in fossil content within 
the unit occurs between the McGregor and Carimona 
Members with the addition of bryozoans as a 
significant component of the communities (Webers, 
1972). For the most part, the lower Platteville 
was dominated by sessile brachiopods, echino
derms, cephalopods, and gastropods. Webers 
(1972) and Sloan (1972) discuss the general 
paleontology of the formation. 

The formation has no exposure indicators 
(Byers, 1983) and no intraclasts or stromatolites. 
Ooids, which are ferruginous, are restricted to 
one locality (F). With the exception of borings 
on hardgrounds (Typanites), trace fossils indi
cate infaunal deposit--feeders (Chondrites) and a 
soft muddy substrate (Byers and -Stasko, 1978; 
Byers, 1983). Fossil material is commonly com
minuted, but is not abraded and does not appear 
transported (Webers, 1972). 

Hardgrounds, which represent temporary peri
ods of little or no deposition, may be indicative 
of shallowing of marine water (Bathurst, 1971, p. 
406). The Platteville hardgrounds converge 
toward the Transcontinental Arch and may have 
formed in response to uplift of the arch. 



The thicker shale partings in the Carimona 
indicate increased detri tal sedimenta tion, prob
ably related to uplift in the source area (Trans
con tinen tal Arch). This increase in detri tal 
influx continued during deposition of the suc
ceeding Decorah Shale. 

Thin coquinas, which may have been formed by 
rare major storm waves (Byers, 1983; Delgado, 
1983, p. A3-A4) occur in the Platteville. In 
Minnesota, they are most widely developed in the 
Magnolia; evidence for current and wave activity 
is generally lacking elsewhere in the 
Platteville. Thin, wavy bedding in the [-liffEn 
and McGregor Members, long interpreted as ripples 
(Jacka, 1957; Asquith, 1967; Sloan, 1972), are 
reinterpreted as diagenetic features by Byers and 
Stasko (1978). The wavy bedding may be the 
result of inhomogeneous distribution of fine
grained detrital material within the original 
carbonate sediments. Upon burial the carbonate 
sediments would have undergone solution along the 
more argillaceous zones, and the purer carbonate 
zones would have remained as nodules in the 
manner described by Wanless (1979). The original 
inhomogenei ty may have been the result of near 
cessation of lime mud deposition, while influx of 
terrigenous mud and silt and generation of skele
tal mud remained unchanged (Troell, 1969; Heckel, 
1972). If so, the shale partings would be crude 
analogs of the diastemic hardgrounds which are 
more abundant farther south in Minnesota. Webers 
(1972) interprets endocerid cephalopods, which 
have had the top parts of their shells planed off 
above bedding plane surfaces, as indica ti ve of 
long periods of slow deposition that are now 
recorded by thin shale partings along bedding 
planes between adjacent limestone beds. Even if 
the wavy bedding originated as ripples, it is not 
indicative of depth, because ripples are now 
known to be widely distributed and are even known 
to occur at abyssal depths in modern oceans 
(Heckel, 1972, p. 242). 

The Glenwood and basal part of the overlying 
Platteville may have formed either in a lagoonal 
environment behind the Starved Rock barrier bar 
of northwestern Illinois (Willman and Templeton, 
1963; Fraser, 1976), or on a shallow, subtidal 
marine shelf (Ostrom, 1970; Schutter, 1978). The 
barrier bar model is appealing; however, if the 
entire Glenwood formed behind the barrier bar, 
then the lagoon must have been much wider (over 
an order of magni tude) than any modern analog, 
such as Laguna Madre of the Texas Gulf Coast. 
This interpretation may have arisen as a natural 
outcome of the assumption of Willman and 
Templeton (1963) that thin beds within Middle 
Ordovician uni ts are widely traceable and there
fore must be time equivalent. Schutter (1978) 
notes that the fauna in the Glenwood is stenoha
line, which is indicative of a shelf, rather than 
a lagoonal environment. 

The distribution of one unit in the Platte
ville, the Mifflin, appears to be restricted to 
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the Twin Cities basin (Ford, 1958; Hoeft, 1959). 
Because the basin is structural, the distribution 
of the Mifflin may indicate tectonic influence on 
sedimentation by anticlines and faults bordering 
the edge of the basin. The thickness of the 
Mifflin Member also varies inversely with the 
thickness of the underlying Glenwood shale, and 
according to Sloan (1972) it is a lateral equiva
lent of the shale. The Glenwood shale is much 
thicker and has a higher kaolinite content 
(Parham and Austin, 1967) south of the Twin 
Cities basin in southern Dakota, Rice, and 
Goodhue Counties than elsewhere in Minnesota. It 
seems reasonable that this area may have been 
close to an outlet draining the emergent Trans
continental Arch (Webers, 1972), and hence the 
greater amount of shale. 

Distribution of other units of the Platte
ville bears no close relationship to boundaries 
of the Twin Ci ties basin or other structural 
features. On the basis of sedimentologic 
features and faunal content, the Hidden Falls, 
Magnolia, and Carimona seem to have been depos
i ted in shallower water; other factors such as 
detrital influx may have masked the influence of 
local tectonism. Most structural movement must 
have come after deposition of the Platteville. 
The Platteville is at altitudes in excess of 305 
m (1,000 ft) in Rice, Goodhue, and Washington 
Counties and at about 244 m (800 ft) in Hennepin 
and Ramsey Counties, although the Hidden Falls 
and Magnolia are lithologically uniform 
throughout all these counties. 

Carimona carbonate seems to have been depos
ited in slightly shallower waters than underlying 
McGregor carbonate because it contains Lingula 
~.e.. in life position in their burrows (locality 
D; Webers, 1972), the grain size of bioclastic 
debris is coarser (Sloan, 1972), and some beds 
wi thin the unit have ripple marks of long wave
length on their upper surfaces (Sloan, 1972). 
However, Lingula in life posi tion is not 
necessarilY-by itself an indicator of shallow 
water because it has been found in deep-water 
Ordovician carbonate rocks in eastern Canada 
(Pickerill and others, 1984). 

The distribution and lithic characteristics 
of the Hidden Falls, Magnolia, and Carimona 
Members may be controlled by proximity of the 
margin of the Hollandale embayment. Near 
Faribault in Rice County, increase in shale con
tent in the Hidden Falls and divergence of 
limestone beds in the Carimona indicate detrital 
influx from the west and the Transcontinental 
Arch. However, sedimentologic and diagenetic 
features seem to indicate influence from a 
paleoshoreline lying to the north and northeast 
of the Twin Cities basin, as well. Sloan (1972) 
mentions that the Hidden Falls grades into 
Glenwood shale at the Soo Drawbridge section of 
northern Washington County. The high sand con
tent and ferruginous ooids in the Hidden Falls at 
locality F in western Wisconsin (Fig. 3) also are 



indicative 
shoreline. 

of relatively close proximity to a 
The distribution of dolomite also 

supports proximity of a shoreline to the north 
and east of the TWin City area, because dolomite 
is supposed to increase toward ancient shore
lines. Relative abundances of conodonts, which 
decrease in the TWin Ci ties and Ellsworth 
outcrops (Rassam, 1967), lend support to this 
interpretation. This shoreline was probably 
related to the Wisconsin Dome and related struc
tures. Parts of the highlands formed by 
Keweenawan lavas directly north of the TWin 
Cities basin (Taylors Falls, Minnesota, and St. 
CroiX-Dresser, Wisconsin area, southern Pine 
County), which had formed islands and headlands 
during the Late Cambrian, may have continued to 
exert an influence on sedimentation during the 
Middle Ordovician, as well. 
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APPENDIX A 

CALCULATION OF PERCENTAGE OF DOLOMITE BASED ON 
X-RAY DIFFRACTION DATA 

In the method of Royce and others (1971), the intensity of the prin
cipal calcite (3.03 A) and dolomite (2.88 A) reflections are measured by 
counting the maximum peak heights for a fixed time interval of 100 seconds 
(Fig. A1; Table A1). See Appendix B for results obtained. This method is 
reported to give accuracy in terms of weight percent dolomite of about + 6 
at the 95-percent confidence level (Royce and others, 1971). 

X-ray diffraction measurements were made of mixtures prepared from 
ground calcite spar and dolomite spar; the x-ray results deviated by less 
than 3 percent dolomite from values obtained by calculating the known 
weights of dolomite and calcite in the mixtures (Table A2). Use of these 
known mixtures was made to check analytic technique. 

The presence of non-stoichiometric dolomite can result in overestima
tion of dolomite using this technique (Lumsden, 1979). However most of the 
Middle Ordovician dolomitic rocks in the Upper Midwest are stoichiometric, 
and so compositional variations should be too small to affect any but the 
most exacting work (Runnels, 1970). 

Iron substitution for magnesium in the dolomite lattice can have a 
similar effect (Runnels, 1970), but the amount of substitution (1-2%) is 
probably not enough to affect results significantly. Most iron in the 
chemical analyses (Appendix C) is probably in the form of pyrite and limon
ite. The chemical analyses in Appendix C are not from the same samples as 
the x-ray data; therefore they are not directly comparable. 

Lithological features in the rock, such as concentration of dolomite in 
burrows in the Mifflin and McGregor Members and concentration of calcite 
spar in spar-filled vugs in the Pecatonica, cause sampling variations and 
consequently variations in compositional determinations that probably are 
more significant than deviations caused by laboratory technique. 

23 



B. 
A. 

Degrees 

Figure Al. X-ray diffractometer recording showing principal (10.4) dolomite 
(2.88 A) and calcite (3.03 A) reflections. A, maximum peak height 
intensity for dolomite, counting 100 seconds = 15,827 (maximum of four 
readings between 30.95° and 30.98° 20. B, maximum peak height intensity 
for calcite, counting 100 seconds = 19,622 (maximum of five readings be
tween 29.49° and 29.53° 20). C, background intensity, counting 100 
seconds = 4,193. Nickel-filtered CUKo radiation, 40 Kv, 20 MA. 

Table Al. Calculation of dolomite as percentage of total carbonate 
for sample in Figure Al 

A-C % dolomite 
(A-C) + (B-C) 

Dolomite (A) max peak height 15,827 

Calcite (B) max peak height 19,622 

Background intensity (C) 4,192 

15,827 - 4,193 11,634 11,634 x 100 
27,063 

43% dolomite 
(15,827-4,193) + (19,622-4,193) 11,634 + 15,429 

Table A2. Comparison of calcite/dolomite calculations from X-ray diffraction 
data with known weight percent of dolomite in samples 

Known weight percent 
Percent from XRD data 
Difference 

15.7 
13.3 

2.4 

24.2 
23 
1.2 

39.3 
38.2 

1 • 1 
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Samples 

49.6 
48.5 

1.1 

61.2 
64.4 

3.2 

76.5 
75, 77.6 

-1.5, -1.1 

84.5 
85.6 
-1.1 



t~ember 

Carimona 

Magnolia 

Hidden Falls 

Mifflin 

Pecatonica 

APPENDIX B 

PROPORTION OF DOLOMITE IN SELECTED SAMPLES OF THE PLATTEVILLE FORMATION 
DETERMINED BY X-RAY DIFFRACTION ANALYSIS 

Height Dolomite Height 
m (feet) weight % 11ember m (feet) 

Location B ( St. Paul) Location E (south of Sogn) 

8.84 (29.0) 36 Carimona 4.34 (14.25) 
8.53 (28.0) 47 4.05 (13.3) 
8.23 (27.0) 100 3.66-3.81 ( 1 2.0-12.5) 
7.92 (26.0) 100 McGregor 3.28 (10.75) 
7.47 (24.5) 100 2.79 (9.0) 
6.86 (22.5) 100 2.13 (7.0) 
5.94 ( 19.5) 89 1.52 (5.0) 
5.64 (18.5) 89 Hidden Falls 1 .13 (3.7) 
5.18 (17. 0) 95 0.91 (3.0) 
4.88 (16.0) 92 Pecatonica Base 
4.11 (13.5) 95 
3.90 (12.8) 8 
3.29 (10.8) 4 Location 14 (near Wanamingo) 
2.83 (9.3) 12 
2.13 (7.0) 12 Carimona 2.68 (8.8)* 
1.46 (4.8) 29 2.38 (7.8)* 
0.61 (2.0) 55 2.13 (7.0)* 
0.03 ( 0.1) 95 McGregor 2.07 (6.8)* 

2.62 (5.3)* 
1.22 (4.0)* 

Location C (south of Hampton) 0.70 (2.3)* 
0.30 (1.0)* 

McGregor 3.96 (13.0) a 
3.51 (11.5) 37 *Distance above base of quarry, which 
2.90 (9.5) 71 imately 1.68 m (5.5 ft) above base of 
2.44 (8.0) 90 

Hidden Falls 1.83 (6.0) 48 
1. 52 (5.0) 90 Location H (Rochester) 
0.91 (3.0) 100 

Pecatonica 0.30 ( 1 .0) 100 Carimona 6.77 (22.2) 
Base 100 6.07 ( 1 9.9) 

5.49 ( 1 8.0) 
4.97 ( 1 6. 3) 

Locations D and 9 (near Cannon Falls) McGregor 4.42 (14.5) 
3.81 (12.5) 

Carimona 4.72 (15.5) 0 3.12 (10.2) 
4. 1 1 ( 1 3.5) 0 2.59 (8.5) 
3.89 (12.7) 19 1.68 (5.5) 

McGregor 3.20 (10.5) 33 0.84 (2.7) 
2.97 (9.7) 27 0.55 (1.8) 
2.51 (8.2) 10 Pecatonica 0.34 ( 1 • 1 ) 
1.92 (6.3) 85 0.30 ( 1 .0) 

Hidden Falls 1.37 (4.5) 23 
1. 07 (3.5) 37 
0.55 ( 1 .8) 43 

Pecatonica Base 100 
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Dolomite 
weight % 

8 
0 

11 
80 
95 
93 
89 

100 
100 
100 

0 
3 
7 

96 
60 
93 
85 
91 

is approx-
formation 

0 
0 
3 
0 
0 

67 
17 
12 
24 
82 
43 
52 
73 



Height Dolomite Height Dolomite 
Hember m (feet) weight % Member m (feet) weight % 

Location K (east of Preston) Location G (north of Faribault) 

Carimona 6.00 (19.7) 0 Carimona 3.96 (13.0) 0 
5.43 (17.8) 0 3.35 (11.0) 46 

HcGregor 4.97 (16.3) 8 McGregor 3.20 (10.5) 33 
4.30 (14.1) 13 1.68 (5.5) 47 
3.14 ( 1 O. 3) 9 Hidden Falls 0.91 (3.0) 7 to 11 
1.92 (6.3) 0 0.53 ( 1 .7) 100 
0.70 (2.3) 0 0.30 ( 1 .0) 100 
0.24 (0.8) 0 Pecatonica Base 95 

Location L (near Spring Grove) Location F (near Ellsworth) 

Carimona 8.29 (27.2)* 0 Carimona 4.79 (15.7) 0 
7.62 (25.0)* 0 3.96 (13.0) 22 
7.32 (24.0)* 0 Hagnolia 3.65 (12.0) 100 

HcGregor 7.16 (23.5)* 13 2.90 (9.5) 100 
6.71 (22.0)* 0 1.68 (5.5) 100 
5.49 (18.0)* 26 
4.57 (15.0)* 19 
3.66 (12.0)* 30 Location 6 (near River Falls) 
3.05 (10.0)* 11 
2.53 (8.3)* 26 Magnolia 5.64 (18.5) 92 
1.86 (6.1} * 0 4.27 (14.0) 100 

Pecatonica 1.31-1.40 (4.3-4.6)* 78 3.73 (12.25) 100 
1 • 1 3 (3.7)* 86 3.35 (11. 0) 100 
0.54 (1.8)* 74 3.20 (10.5) 100 

Base 78 Hidden Falls 2.79 (9.0) 100 
2.06 (6.75) 92 

*Distance above base of quarry, which is esti- and 1.90 (6.25) 95 
mated to be 0.91 m (3 ft) above base of formation 1.62 (5.3) 88 

Pecatonica 0.73 (2.4) 100 
0.46 ( 1 .5) 100 

Base 100 
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APPENDIX C 

CHEMICAL ANALYSES OF SELECTED SAMPLES OF THE PLATTEVILLE FORMATION 

[Analytical data provided by Mineral Resources Research Center, university of Minnesota, 
1970. Results in weight percent. See Figure 3 for outcrop locations. Height, 

distance of sample from base of Platteville Formation.] 

Member 

Carlmona 

Magnol ia 

Hidden Fa I Is 

MI fflln 

Pecatonica 

McGregor 

Hidden Falls 

Pecatonica 

McGregor 

Carimona 

McGregor 

Pecatonica 

Carimona 

McGregor 

Pecatonica 

Car Imona 

McGregor 

Car imona 

McGregor 

Carlmona 

McGregor 

Pecatonica 

Height 

m (tt) 

8.23 (27.0) 
7.54 (24.75) 

6.02 (19.75) 
4.88 (16.0) 
2.68 (8.8) 
1.45 (4.75) 
0.40 (1.3 ) 

3.51 (11.5) 
1.83 (6.0) 
0.30 (1.0) 

3.05 (10.0) 

4.34 (14.25) 
2.74 (9.0) 
1.52 (5.0) 

Base 

5.49 (18.0) 
4.42 (14.5) 
2.59 (8.5) 
1.68 (5.5) 
0.30 (1.0) 

5.94 (19.5) 
4.62 (15.15) 

6.00 (19.7) 
3.84 (12.6) 
1.92 (6.3) 
0.24 (0.8) 

8.53 (28.0) 
6.40 (21.0) 
4.57 (15.0) 
2.74 (9.0) 

1.46 (4.8) 

Cao 

32.28 
26.99 
27.78 
19.37 
43.49 
42.71 
22.47 

46.36 
22.79 
22.93 

43.84 

47.70 
30.86 
30.48 

23.75 

45.92 
52.06 
47.10 
39.99 
30.40 

49.56 
46.16 

50.61 
49.33 
49.95 
49.67 

52.31 
45.82 
41.39 
45.87 

35.33 

MgO 

15.55 
15.96 
14.09 
9.94 
5.10 
2.95 

11.47 

LO I 

43.44 
40.07 

38.26 
27.21 
39.97 
37.00 
31.45 

Fe Si02 

Location B (St. Paul) 

2.74 2.04 
2.09 8.72 
2.66 10.18 
2.56 27.04 
2.27 5.60 
1.45 10.24 
2.50 20.08 

0.29 
5.16 

4.03 
11.71 
1.59 

3.65 
8.03 

O. 14 
0.087 

0.064 
0.28 
0.087 
0.071 
0.055 

S 

0.44 
0.23 
0.46 
1.00 
0.23 
0.54 
1.37 

Na20 

0.069 
0.142 

0.117 
0.125 
0.109 
0.108 
0.137 

Location C (near Hampton) 

5.05 42.23 
11.03 31.56 
11.61 32.04 

1.53 2.96 
3.54 20.72 
2.81 21.36 

0.76 0.046 0.056 0.096 
5.57 0.20 0.19 0.166 
6.51 0.062 0.08 0.173 

Location D (Cannon Fal Is) 

K20 

O. 14 
0.73 
0.67 

1.33 
0.42 

0.60 
1.18 

0.189 

1.01 
1.18 

Total 

97.13 
100.16 

96.51 
100.59 
99.07 

99.52 
98.74 

99.28 
96.76 
96.78 

6.14 41.53 1.45 4.16 1.19 0.044 0.21 0.231 0.143 98.94 

1.28 
14.67 

14.09 
10.94 

0.73 
0.66 
3.32 
6.33 

11.60 

Location E (south of 50gn) 

38.83 
40.22 
39.65 
30.21 

2.01 6.64 
4.99 5.46 
3.36 7.53 
2.50 20.97 

1.21 
1.06 
1.08 

3.6~ 

Location H (Rochester) 

37.57 
41.73 
40.47 
38.81 
38.52 

1.21 10.60 
0.60 2.66 
1.27 5.00 
1.45 6.96 
2.09 11.56 

2.00 
0.51 
1.42 
2.06 
1.10 

Location I (south of Chatfield) 

0.117 
0.187 
0.158 
1.49 

0.089 
0.169 
0.071 
0.050 
0.026 

0.49 
0.40 
0.49 
2.16 

0.06 
0.32 
0.49 
0.47 
0.25 

0.073 
0.067 
0.081 

O. 109 

0.050 
0.101 
0.085 
0.081 
0.064 

0.74 39.96 
4.23 40.69 

0.72 6.52 
1.13 4.76 

1.36 0.050 0.043 0.116 
1.53 0.046 0.27 0.114 

Location K (east of Preston) 

0.66 40.55 
1.35 40.11 
0.66 40.37 
0.52 39.45 

1.13 
1.05 
0.89 
1.20 

2.43 
5.20 
5.28 
6.52 

0.51 0.101 
1.32 0.078 
1.15 0.062 
1.47 0.094 

Locati on L (Spr I ng Grove) 

0.50 
2.67 

2.49 
1.66 

13.34 

41.67 

39.10 
36.06 
36.07 

42.64 

0.89 2.79 
0.96 8.20 
0.97 13.32 
0.60 9.35 

1.37 4.96 

27 

0.61 
1.66 

2.74 
2.25 

1.10 

0.076 
0.048 
0.096 
0.073 

0.050 

1.52 0.087 
0.18 0.100 
0.085 0.089 
0.054 0.064 

0.06 
0.32 
0.49 
0.47 

0.25 

0.058 
0.101 
0.085 
0.081 

0.064 

0.41 
0.37 
0.40 
0.89 

0.30 
0.47 

0.88 
0.70 
0.41 

0.27 
0.29 

0.119 
0.26 
0.27 
0.31 

0.30 
0.47 
0.88 
0.70 
0.41 

96.76 
98.30 
97.34 

96.73 

98.54 
99.70 

100.11 
98.90 
96.04 

99.34 
99.42 

97.72 
98.98 
98.81 
99.37 

99.27 
99.35 
98.54 
99.32 

99.73 

Insol 

2.86 
11.43 

14.15 

33.90 
6.94 

13.15 
27.37 

3.45 
25.74 
26.62 

5.39 

7.36 
6.10 
9.35 

25.46 

12.24 
3.12 
6.16 

11.29 
11.57 

4.38 
6. 14 

3.31 
6.32 
6.17 
7.39 

3.09 
9.02 

15.78 
11.05 

5.89 








	sci30552
	sci30553
	sci30554
	sci30555
	sci30556
	sci30557
	sci30558
	sci30559
	sci30560
	sci30561
	sci30562
	sci30563
	sci30564
	sci30565
	sci30566
	sci30567
	sci30568
	sci30569
	sci30570
	sci30571
	sci30572
	sci30573
	sci30574
	sci30575
	sci30576
	sci30577
	sci30578
	sci30579
	sci30580
	sci30581
	sci30582
	sci30583
	sci30584
	sci30585
	sci30586
	sci30587

