DESCRIPTION OF THE THREEMILE ROAD BRECCIA PIPE
The breccia pipe is a 40-50 meter wide vertical pipe-shaped deposit that exhibits a sharp vertical contact
with the host dolostone and cuts all the stratigraphic levels exposed in the quarry (Fig. 2). The breccia pipe is
located along a fracture zone that runs through the quarry. Part of the roof portion of the breccia pipe may be
preserved at the very highest levels of the quarry on the side of the pipe, but direct access to the outcrop was not
available. About 300 azimuthal degrees of outcrop were exposed in the vicinity of the breccia pipe, and most of
the quarry floor and walls surrounding the pipe were well exposed. The author was unable to determine whether
the breccia continued in a lateral direction away from the quarry to the southwest where the rocks are not
exposed. It is also unknown to what stratigraphic depth the breccia body reaches. Quarry operators have
requested that visitors do not approach the walls near the breccia pipe because the breccia material is very
unstable. Therefore, mostly talus and bulldozed material was collected for the present study.
The breccia contains large blocks and smaller fragments of angular to subangular, randomly-oriented
dolostone country rock (Fig. 2) that are cemented by calcite crystals up to at least 5 cm in length. The breccia
also contains smaller amounts of pyrite, marcasite, sphalerite, galena, and bitumen. The sulfide content increases
in the deeper parts of the breccia pipe where sulfides were found as larger specimens. A few hand specimens
contain crackle breccias in which the breccia fragments have not moved or rotated more than a few millimeters
and are cemented by iron sulfide and calcite cements (Fig. 3). In some cases, the crackle breccia contains
rnillimeter-scale dikes of brecciated dolostone and sulfide material, referred to as "pebble breccia dikes', that fill
the spaces between the larger angular fragments.

-

Figure 2. Outcrop of the Threemile Road breccia pipe in the Vulcan Quarry as seen in 1995. Note the relatively
sharp contact (arrow) between the breccia body (left) and the undefonned Silurian dolostcne in the quarry (right).
Several large mechanica1;y-rounded blocks of dolostone are present near the top of the exposure. The exposure is
now covered by backfill from deeper parts of the quarry.

The relative sequence of mineralization and brecciation events is outlined in Figure 4.
1. Dolomitization. The Silurian carbonate host rocks have been completely dolomitized throughout eastern
Wisconsin (Luczaj, 1998a). The host-rock dolostone in the quarry is grey to dark grey in color. Fluid inclusion
data (Luczaj, 1998a, b) suggest that at least some of the regional late-stage dolomite in eastern Wisconsin formed

(70 to >1 OOÂ°C) No obvious di-fferences exist between the dolomite in the quarry and
e units elsewhere in the region.
tage I). Brecciation occurred in at least two episodes, before (stage I) and after (stage U)
emplacement. The first brecciation event produced the main breccia pipe (Rg. 2) which contains angular
blocks of host-rock dolostone as large as a few meters inI diameter. A small proportion of smaller rounded
dolostone blocks arc light grey to buff in color, which ecwild represent host rock from a different stratigraphic
level, perhaps from below. No fossils were found in these buff-colored clasts so their age could not be
determined. Some samples also contain partly rounded Ilight grey shale or clay breccia fragments up to 1 crn in
diameter, which are similar to the underlying Maquokebi Shale. Although some samples show dissolution before
or during the early stages of sulfide mineralization, the v'ast majority of the breccia clasts are angular.
3. Sulfide mineralization. Sulfide precipitation and repÂ¥lacemen
of the host rock dolostones by sulfides had a
us, the sulfides sho~
w slightly different morphology and occur in differing
are more plentiful 1than sphalerite, which is much more plentiful than
of dolostone by fin(e grained pyrite occurs as "stringers",most of the sulfides
s. In general, pyrite! and rnarcasite occur first in the sequence, followed by
Fig. 4). Galena was 01 ily observed in association with sphalerite. The sulfides
eral textural classes:
Colloform and layera1crusts of sphalerite and striated, bladed "cockscomb"
ng dolostone breccia clasts; and as broken fragments, both of which are surrounded
by later calcite crystals (Fig. 5). The crusts appear to be a coprecipitation of sphalerite and bladed marcasite that
are mostly segregated into different layers, each up to about 1-2 cm in thickness. Neither mineral is present in
every sample of layered sulfide crusts, and the proporti01n of each varies in different samples. Rare galena cubes
up to 1 nun in diameter also appear to have coprecipitateXI with the eariy sphalerite crusts. Some colloform
rnarcasite is made of tabular striated crystals oriented tanigentially to spheroidal crystal growths.
Sphalerite in the crusts is well-banded, and contigns at least 65 growth zones which are yellow, orange,
deep red, and black making the sphalerite very dark overall. The color bands show well developed zigzag
patterns and crystal termination shapes similar to those iin colloform sphalerite well known from major ore
deposits in North America (Roedder, 1968). The sphalerite bands contain -1 rnm void spaces that appear to be
corrosion pits or voids after an unknown mineral. The niorphology and character of this colloform and banded
sphalerite and marcasite is unlike other sphalerite found in eastern Wisconsin. The nearest analogs are the
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figure 4. Mineralization sequence for the
Threemile Road breccia pipe. Mu1tiple episodes
of brecciation and sulfide mineralization are
indicated by the textures in the breccia body.

dal and layered sphalerites and marcasites from the Upper Mississippi Valley zinc-lead ore district in
uthwestern Wisconsin (Roedder, 1968; McLimans et al., 1980). The youngest sphalerite growth zones are
rple and yellow and are similar in color and texture to the isolated euhedral crystals of sphalerite that are found
Isewhere in this
(see below) and in other parts of eastern Wisconsin (Luczaj, 1998b)
ated euhedral crystals of sphalerite, bladed marcasite, pyrite, and spherical aggregates of
pyrite and bladed marcasite showing a variety of crystal forms occur in vugs, fractures, fossil molds,
intercrystalline pore spaces in dolostones, and as coatings on dolomite and earlier sulfide crusts. These small
(generally < 5 mm) sulfide crystals were precipitated after the dolomite in the host rock because they surround
euhedral dolomite crystals as intercrystallinecements. In some specimens, small 1-2 mm dark sphalerite crystals
have grown on colloform marcasite, and in others, small 1-2 mm marcasite crystals have grown on colloform
sphalerite. Disseminated sphalerite crystals, which postdate the collofonn sphalerite, contain zoned brown cores
with rims of poorly zoned or unzoned colorless, honey yellow, and purple colored sphalerite. Based on color
banding and crystal habit, the disseminated sphalerite appears similar to that found throughout eastern Wisconsin
in quarries as far away as 200 km to the north (Luczaj, 1998%b and unpublished data).
Growths of Iron Sulfides: Large groups of botryoidal marcasite crystals, up to 5 crn in length, are
coated by calcite crystals. Small 1-3 mm clasts of dolostone were incorporated in these crystal groups, which
suggests that some brecciation may have occurred during sulfide growth. Similar-sized groups of pyrite cubes,
with other modifying crystal forms on some faces, were formed relatively early in the sulfide paragenesis and are
overgrown by the collofonn crusts of sphalerite, bladed marcasite, and associated galena. The pyrite crystals
display curved and sometimes multifaceted crystal faces. One sample had at least eight couplets recording
alternating precipitation of collofonn marcasite and pyrite from a few mm to 2 cm thick, interspersed with
intervals of colloform sphalerite.
4. Brecciation (Stage 11). A second major episode of brecciation occurred after the precipitation of most of the
sulfides. This event produced angular clasts of sulfide cements and dolostone blocks with sulfides on them that
are up to a few decimeters in size (Fig. 5). Broken sulfide grains of various sizes also occur in pebble or gravelsized cumulates that are dominated by millimeter-scale dolostone clasts (Fig. 5). Hydrofracturing and forceful
injection of pebble breccia dikes (Fig. 3) probably occurred at this time.

Figure 5. Photographs of hand specimens showing textures of mineralization and brecciation. Calcite is white,
dolostone is gray, and colloform/layered sphalerite and marcasite are dark gray or black. Textures indicate at least
two episodes of brecciation and mineralization. An eariy episode produced angular dolostone clasts and was
followed by sulfide mineralization. A later episode was responsible for further brecciation of sulfides and
dolostone. Note the pebble sized breccia material in A (arrow). Scale bars are 3 cm.

:(Stage I). A relatively small volume of gray to colorless, doubly-terminated calcite crystals, up to

cm in length, have grown into cavities and have cemented some of the gravel-sized breccia cumulates.
:(Stage 11). A much larger volume of colorless to honey yellow to gray calcite spar has grown into

es between sulfides and dolostone breccia blocks (Fig. 5). Euhedral calcite crystals up to at least 5 cm
are consistently present in large pore spaces between breccia fragments. After dolomite in the host
>e calcite crystals make up the largest volume of the epigenetic minerals in the breccia deposit.
itation with bladed to acicular marcasite crystals, up to 10's of pm in length, near the end of calcite (11)
iced gray phantom crystals in some of the large euhedral calcite crystals. Preliminary fluid-inclusion
-evealed two-phase aqueous inclusions, suggesting precipitation or later thermal reequilibration at
ires above about 50Â° (Goldstein and Reynolds, 1994).
d rnarcasite and plumose sphalerite. Although calcite (11) was the last major cement in most samples,
Ie contains layered marcasite several centimeters thick that has completely overgrown some large Stage
crystals (Fig. 6). The sample records about thirteen generations of rnarcasite that coprecipitated with
in small (1-5 mm) plumose structures that are most abundant in the latest stages of the marcasite
Elinor vug-filling calcite postdates this marcasite.

Hand specimen showing final stage of sulfide growth after Calcite I1 (large white crystal). Long arrow
direction of sulfide growth, and small arrow shows location of plumose sphalerite. Scale bar is 3 cm.

;n. Very small amounts of bitumen and tar occur as droplets and coatings on some of the calcite
id along fracture planes in Stage I1 calcite. In addition, a few bitumen breccia fragments 1-2 mm in size
d, which suggests that some bitumen was present before the last bmciation event.
ay. The breccia clasts are coated in places by grayish clay. The clay is also present in two distinct
;ether a few meters thick, near the top of the outcrop in the southernmost part of the breccia pipe. This
the breccia pipe appears to be the very edge of the pipe; it is unknown whether the layered clay
ie entire breccia pipe or if it was present only near the edges. The two clay layers overlying the breccia
d not be sampled. The source of the clay and its absolute timing are unknown, but it is similar in color
rence to Devonian clays described by Kluessendorf et al. (1988) that fills tension fractures in
lically equivalent rocks in northeastern Illinois. If the breccia pipe did not reach the palmsurface
formation, these clay layers may be present in what was once the open void space between the breccia
the pipe roof.

Unusual breccia v
e Road b r e
Several small breccia fragments do not appear to have been derived from the host rock or the sulfide
mineral assemblage described above. Analysis of these fragments using X-ray powder diffraction and
transmission electron microscopic (TEM) techniques has shown that these fragments are mineralogically
inconsistent with the host rocks in the Paleozoic sedimentary section.
One specimen of marcasite breccia contained several small (-1 mm) slightly magnetic greenish-black
grains that appear to be breccia fragments. These mineral aggregates are similar in appearance and composition
to minemls from the Six-Pak intrusion in Kenosha County (see below) (Carlson and Adams, 1 W ) . Standard Xray diffraction failed to produce an identifiable pattern because of the small volume and numerous mined
phases. Transmission electron microscopic (TEM) investigations of the remaining material identified several
minerals and amorphous phases. Energy dispersive spectral analyses and dihcrion patterns were obtained for
biotite (possibly partly a l t d to chlorite), muscovite, diamond, quartz, corundum, fluorite, and one unidentified
mineral containing Fe, Si, Al, 0, F, with minor amounts of S, K,and Mg. The amorphous or prly-crystalline
materials contain 0,P, and Al, with variable Si, Fe, K, S, and F.
The diamond o c c d as a few irregularly shaped masses of material up to a few micrometers in size that
contained sub-micrometer crystals that could not be individually imaged. The ring diffraction patterns measured
are consistent with diamond and m not consistent with lonsdaleite. The degree of certainty of the actual
identification of the diamond in the material is high. However, because diamond contamination has been a
concern of mearchers working in other settings (Shawn Carlson, written communication, lW8), a brief review of
laboratory procedures is given. Diamond contamination from the laboratory does not seem likely after a review
of procedures used in preparation of the specimens. Samples were gently dislodged from the host rock, and were
ground in an agate mortar and pestle- The powder was suspended in an alcohol solution in a glass vial so that the
material could be caught on a small copper grid used during TEM work. No polishing, cutting, or grinding steps
were used at any stage of the sample preparation. Similar material has not been detected as a contaminant in this
labomtory during investigations of unrelated samples from other localities. Industrial diamond contamination
from the quarry cannot be ruled out completely, because the rocks could potentially be contaminated with
diamond from the drilling equipment. However, the breccia body has not been quarried, and the accessible
material from the breccia pipe is generally either talus or bulldozed material.
A different breccia h g m e n t about 2 cm in diameter contained equant white grains 1-2 mm in diameter
surrounded by a matrix of unknown material that contained iron sulfides. X-ray powder diflhction analysis of
the white grains yielded a well defined spectrum consistent with strontium-rich barite. Barite has not been found
as cements with the other MVT minerals that precipitated in the upper jmrtions of the Threemile Road breccia
pipe, but was reported from the intrusive material in the Six-Pak ultramaf~cintrusion in Kenosha County (Fig. 1)
(Carlson and Adams, 1W ) .
RELATIONSHIP OF THE BRECCIA PIPE TO LOCAL AND REGIONAL STRUCTURES
Little is known about the structural geology of southeastern Wisconsin (Kuntz and Perry, 1976). There
are only a few areas in extreme southeastern Wisconsin and northeastern Illinois with a thin enough cover of
Pleistocene glacial sediments to allow for outcrops or quarry operations. The northeast-trending Waukesha fault
zone, 47 km (29 miles) to the northwest, is the dominant structural feature in southeastern Wisconsin. The
Waukesha fault appears to have had a major influence in the region. Although the displacement observed in
Silurian rocks exposed in quarries is only 10-30 meters, the top of the Precambrian basement is as much as 450
meters lower on the southeast side of this apparent "growthn fault (Fig. 1) (Kuntz and Perry, 1976; Sverdrup et
al., 1 W ) .
Some prlydeveloped s t r u c t d features are present in the quarry. During the late IWO's, Mikulic
(1977) described a set of three closely-spaced faults trending northwest that had a total displacement of at least 12
feet. After further quanying, Kroll and Westphal(1983) reported 5 to 8 feet of displacement on one of the faults.
The best exposum of this fault zone have been removed by quarrying, and roads and stockpiles now cover much
of the fault zone. The breccia pipe is located along this fault and fracture zone that trends N 75OW across the
entire quarry. The abundant fmctures or joints are p d l e l to each other and in many ways resemble sheet
hctures of Norton and Cathles (1973). Gentle drag folding, apparently related to offset on the faults is present
on the western wall of the quarry. There is a spatial relationship between the fracture zone and the breccia pipe,
but their temporal relationship is uncertain.

OTHER SULFIDES IN SOUTHEASTERN WISCONSIN
rly descriptions of MVT minerals in southeastern Wisconsin by Cook (1924) and Bagrowski (1W)
mentioned an overall mineral assemblage that was similar to that from the Threemile Road breccia pipe, although
rm textures and the presence of post-calcite sulfide mineralization in the breccia pipe are unlike other
the collofo~
MVT mineraJization in eastern Wisconsin. Several different cores of the Sinnipee Group dolostones from
southeastern Wisconsin contain trace amounts of iron, ziinc, and lead sulfides along with varying amounts of oilstained or t)itmen-bearing dolostones. These sulfides occur in fossil molds, vugs, fractures, and in peculiar
green clay-filled fractures that were observed in a few cores. The uppermost few feet of the underlying Ancell
Group quatz arenites in this region nearly always contain Fe-sulfide cements and sulfide-filled kctures as they
do elsewhere in eastern Wisconsin (Mudrey et al., 1996; Simo et al., 1996; Luczaj, unpublished data).
A 1{ariety of sulfide mineraJs, including pyrite, galena, and millerite, are associated with the recently
discovered Six-Pak diamme, a large ultmmafk lamprophyre or melnoite located about 25 km (-15 miles) to the
southwest ('Fig. 1) (Carlson and Adams, 1997). This diatreme has a complex, sedimentary rock-dominated upper
portion whi~ c h@es into ultmmafk breccias at depth that have angular sedimentary xenoliths up to five feet in
diameter. 14bundant sulfide minedimtion is present at Six-Pak. Core samples of the uppermost portion of the
intrusion th~t were obtained from Ashton Mining of Canada, Inc. are composed mainly of Silurian dolostone
breccia fratynents and contain euhedral pyrite crystals that have grown into pore spaces, suggesting that at least
some of the: sulfides formed after brecciation and diatreme emplacement.
MAGNEZOMETER SURVEY
)nef magnetometer survey was conducted in and around the Racine Vulcan quarry using a proton
magnetometer to evaluate whether or not a magnetic anomaly is associated with the Threemile Road
breccia bod y. There is a weak positive magnetic anomaly of about 30 gammas near the breccia pipe. The center
of the anonialy is located along the fracture zone about 20 m west of the edge of the breccia pipe. The anomaly is
IS at a distance of -200 m h m the breccia pipe. Because the quarries am in a suburban setting,
~ 7 gammt
5
magnetic in~terferencemay have been introduced by nearby power lines, railroad tracks, mining equipment, roads,
fences, an au p r t , houses, and other buildings. Near the edges of the quarry, measurements fluctuated by as
much as a f ew hundred gammas, and were taken as far from these objects as possible, but influence from cultural
objects can^not be ruled out.
DISCUSSION
Thi:exact mechanism for brecciation in the Threemile Road breccia pipe at Racine is unclear. Part of the
breccia pip:"roof' may still be preserved at the highest levels on the extreme southern edge of the breccia pipe,
which suggests that at least part of the b-ation
process could have been the product of a collapse. This is
consistent vvith the majority of the clasts, especially the larger ones, being similar to the dolostone country rock
in that levelI of the quarry. The presence of small rounded dolostone, shakklay, and sulfide clasts in pebble
bmcias andi smaI1 breccia fragments containing unusual m i n d assemblages, including biotite and diamond,
suggests thiat at least some of the breccia fragments were derived from below. This is consistent with multiple
episodes of bmiation and hydrofracturing which likely occunder conditions capable of moving only the
smallest fm. p e n & to higher levels in the pipe. Some of the largest dolostone blocks near the top of the breccia
r to be partially rounded (Fig. 21, which is a characteristic similar to some large clasts from breccia
re directly related to igneous activity (Sillitoe, 1985).
e possible models for the formation of the breccia body are considered: 1) karstic collapse, 2) fault
g, the fracture and fault zone present in the quarry, 3) a process called "chemical breaiation", 4)
ring due to release of regionally overpressured fluids present in underlying Cambrian and Ordovician
uifer systems, and 5) an igneous-related origin, related to post-Silurian ul-c
magmatism in
n Wisconsin.

. .

S u b s q u m m
hough examples of carbonates affected by recent and ancient karstifiaion are present in Wisconsin, a
apse hypothesis seems unreasonable. Karstic features such as speleothems and tern rosa were not
the breccia pipe. Meteoric waters are also usually oxidizing, and there was no apparent oxidation of

iron sulfides before cementation by Stage I1 calcite or dolomite mining. A karstic-collapse mechanism for the
b m i a pipe is inconsistent with multiple episodes of sulfide mineralization and brecciation. In addition, crackle
b d a s on a hand specimen d e indicative of hydrofracturing, and waters that are a p b l e of precipitating
sulfides at elevated temperatures (-100Â°C are not present in meteoric environments. Although a case could be
made for a single-stage collapse of a deeply-buried, preexisting karstic void, the pebble breccia dikes in crackle
breccia samples are suggestive of fordull y-injected brecciated material (Fig. 3), instead of simply passive
cementation in a fractured host rock after collapse failure.

-

Formation of the breccia pipe is also inconsistent with an origin from fault gouge for several reasons.
The breccia body is pipe-shaped instead of planar, as would be expected from a planar fault system. Although
one small sample resembling fault gouge was found in bulldozer smpings, there was very little observed offset
on the fractures and faults in the quarry (< 4 m), and no mineralized breccia were seen along the fault zone away
from the breccia pipe. Much greater fault offset and more laterally extensive bmiation, instead of a pipe-shaped
breccia body, would be expected if the breccia body was produced by faulting.

. .
brSawkins (1%9) proposed a process of "chemicalnbrecciation that could produce the crackle or shatter
brwias observed in some carbonate-hosted Mississippi Valley-type deposits. Sawkins (1%9) and Ohle (1980)
observed that the brecciation in Mississippi Valley-type ore districts was restricted to areas of introduced
jasperoid where the expansive pressures of cementation caused bmiation. Chemical brecciation is inconsistent
with the mode of brecciation in the Threemile Road breccia pipe, because the Threemile Road breccia pipe does
not appear to contain any jasperoid or other silica cement that could have acted as an expansive cementing agent.
In addition, the massively dolomitized host rock in the quarry appears very porous and permeable, and is similar
to the ubiquitous massive, bane-grained dolomite that is present in many of the F'almzoic carbonate rocks
throughout eastem Wisconsin (Lucmj, 1998% b). Chemical brecciation seems unreasonable for producing
multiple episodes of brecciation and sulfide mineralization in a breccia pipe with sharply defined vertical walls
like those of the Threemile Road breccia pipe (Fig. 2)- C h e m i d brecciation is also inconsistent with the
mineralogy of the small diamond and biotite-Wng breecia fragments found in the Threemile Road breccia
red f1wd.s
All of eastern Wisconsin seems to have been affected by w m brines capable of producing MVT
minerals including dolomite, calcite, fluorite, barite, and various metal sulfides (Brown and Maass, 1992;
Mudrey et al., 1996; Luczaj, 1998a, b) Examples of mineralized brecciation occur on a smaller scale in other
parts of eastern Wisconsin (Lucmj, unpublished data). The regional aquifers, Cambrian and Ordovician quartz
sandstones, are at least 200 m below the level of the Silurian dolostones in the quarry. A hypothesis that
overpressured fluids exiting the Michigan or Illinois basins caused severe, multi-generational hydmfmcturing at
the Threemile Road b m i a pipe is not likely. There was no known driving force for regional fluid-flow that
could have produced overpressures approaching lithostatic pressure in Wisconsin, and any overpressure would
have quickly dissipated through the high permeability regional aquifers (Osbome and Swarbrick, 1997). If by
some unknown process overpressures in the regional aquifen were fairly high, it seems unlikely that fluids
passing through these aquifers would escape here, through the relatively thick sedimentary column of
southeastern Wisconsin, instead of continuing toward the Wisconsin arch where they could b r e c c i a a much
thinner cover of sedimentq rocks or even discharge direct4y at the surface. The fault zone in the quarry may
also have dissipated any overpressures genemted in the regional aquifers, if the fault existed prior to brecciation.
An igneous-related hydrofracturing mechanism is favored for the formation of the Threemile Road
breccia pipe. Hydrofracturing and partial collapse of the sedimentary rocks in the Threemile Road breccia pipe
was possibly due to a local dtramafic intrusion similar to the one r a n t l y discovered 25 km to the southwest.
Many sulfide-bearing breccia pipes are linked with igneous systems (e.g., Snyder and Gerdemann, 1%5; Bryant,
1%8; Thompson, 1%8; Armbrust, 1%9; Uambias and Malvicini, 1%9; Sillitoe and Sawkins, 1Wl; Norton and
Cathles, 1973; So and Shelton, 1983; NobIe et al., 1984; Norman and Sawkins, 1985; Sillitoe, 1985; Sillitoe et

5; Spry, 19m, Bushnell, 1988; Egan and Ashley, 1992; P l d e e et al., 1995; Ren et al., 1995; DeWitt et
al., 1% 5). In such systems*expansion of magmatic volatiles or boiling of associated meteoric fluids could
produce a vertical cylindrid opening (Bryant, 1%8). Alkalic and ultramafic magmas can be extremely rich in
volatile;and therefore have the ability to produce explosive venting when these volatiles reach shallow crustal
levels (e:.g., Nicolaysen and Ferguson, 1 M ; Reynolds et al., 199'7). High fluid pressures associated with an
intnisio~
D could cause hydmfmcturing of part or all of the Paleozoic sedimentary column while the intrusion itself
may not reach the surface. Separate biling episodes and precipitation of pore clogging cements can cause
multiple: brecciation events in similar settings (e.g., Noble et al., 19U, McCallum, 1985; Baker and Andrew,
1991). IMineralized and unmineralized breccia pipes in igneous settings have been suggested to occur both in the
presena:of meteoric fluids as well as at deeper levels, without the influence of meteoric fluids.
With the recent discovery of the Six-Pak tdtram&~cintrusion 25 km to the southwest in Kenosha County,
merit to the possibility that other ultram&~cintrusive exist in the region. The Six-Pak intrusion is a very
large (40acres) diamond-bearing lamprophyre or melnoite that cuts Upper Silurian rocks and is covered by
more than 100 feet of glacial materials (Carlson and Adams, 1997). Geologists working in the region believe that
there atre probably many other ultramafic intrusions related to Six-Pak "in the greater ChicagoIMilwaukee region,
a d F,haps there is some type of relationship between these lamprophyres and the local sulfide occurrences"
l-wn
Carlson, written communication, 19%
.)'
These types of igneous intrusive bodies typically occur in
clusters and are preferentially located along weak zones in the crust, such as along fracture or fault zones. The
psiticbn of the Threemile Road breccia pipe along the fault and fmcture zone in the quarry is consistent with an
.. .
inaus1 ve mechanism for the origin of the breccia pipe because there is evidence that some u l m & i c intrusives
are mcIre likely to intrude and ascend along weaker parts of the crust where fracture or fault zones exist (e.g.,
Syk=, 1978). The character of the Threemile Road breccia is also similar to what is known about the chamcter
of the breccia at the Six-Pak intrusion. Minerals identified from seveml small breccia fmgments from the
Threernile Road breccia are consistent with an ultramafic intrusive origin. Similar minerals, including micas and
dim01nd, were reported in the nearby Six-Pak intrusion (Carlson and Adams, 1997). These mineral aggregates
are no{. reported or expected from the Silurian carbonate m k s in the region.

,".
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The lack of a strong positive magnetic anomaly associated with the breccia pipe does not prove or
disprove the existence of an igneous intrusion at some depth beneath the Threemile Road breccia pipe. Shallow
ultmmafic intrusions such as kimberlites and lamprophyres are commonly associated with strong psitive
magnetic anomalies (e.g., Cannon and Mudrey, 1981; Carlson and Adams* 19%'). However, recent explomtion
for lamprophym and kimberlites in Alberta has shown that many of these types of ultramafk intrusions have
nonmagnetic or weakly magnetic signatures (Shawn Carlson, personal communication, 1997). In addition, the
intrusion may have not made its way up through the entire 800 m water-saturated sedimentary column, or the
Threemile Road breccia body could be a lateral extension off the main intrusive body outside the limited survey
area If deeply buried, local anthropogenic magnetic influences may overwhelm a weak natural anomaly because
the intensity of a magnetic anomaly would deerease with the square of the distance from the intrusion, based
upon Coulomb's Law, Igneous-related breccia pipes in many different settings can have vertical dimensions of
several hundred meters (Sillitoe, 1985)- suggesting that a source beneath the Threemile Road breccia pipe could
be quite deep and the resulting magnetic signature much smaller than otherwise expected.

.. -

ous actitn
Several examples of Phanemmic alkalic and ultramafk igneous intrusions are present in the
midcontinent of the United States. Southeastern Kansas, Missouri and southern Illinois contain igneous rocks
that range in age from Cambrian to Cretaceous (Snyder and Gerdemm, 1 x 5 ) . Mississippi Valley-type
mineralization is present around nearly all of these igneous centers. For example, the southern Illinois-Kentucky
MVT ore district contains Permian lamprophyres and carbonatite intrusives (Snyder and Gerdemam, 1%5;
Zartman et al., 1%7; Rock, l w , Reynolds et al., 19%')- and Hicks dome is underlain by a deep-seated intrusion,
possibly a carbonatite, and contains breccia dikes and pipes on the crest and flanks of the dome (Baxter and
Bradbury, 1989; P l d e e et d.,lW5; Potter et al., 1995) that are similar to the Threemile Road breccia body in
Racine County, Wisconsin. The Omaha dome in Gallatin County, Illinois also contains lamprophyric dikes and
sills (originally described as mica peridotites) and was formed by intrusion of these magmas into Upper

Mississippian rocks (English and Grogan, 1948; Bikerman et al., 1982; Rock, 1990)- The Omaha dome intrusion

has been dated as Late Pennsylvanian to Early Permian, but also contains phlogopite phenocrysts that yield a
Devonian age (Bikerman et al., 1982). The Avon region of southeastern Missouri contains at least 80 ultramafic
lamprophy~icdikes and diatremes (Snyder and Gerdemann, 1%5; Rock, 1990) which were dated as Devonian by
Zamnan et al. (1%7). Other igneous intrusions are present in the midcontinent of the United States, including
the kimberlite fields in northeastern Kansas and in the Upper Peninsula of Michigan, and a carbonatite in eastern
Nebraska (Cannon and Mudrey, 1981; Me& and f i d e , 1997).

. .
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The timing of the formation of the Threemile Road breccia pipe is constrained as post-Early Silurian
because of cross-cutting relationships with the Upper Silurian Racine Dolomite. The nearby Six-Pak
lampmphyre, reported by Carlson and Adams (1997), also has a post-Silurian cross-cutting relationship with the
same Silurian dolostones, but attempts to radiometrically date the intrusion failed (Shawn Carlson, personal
communication, 1997). The most likely ages for the formation of the breccia pipe are either Late DevonianMississippian or Permian, both of which were periods of igneous intrusive activity and Mississippi Valley-type
mineralization in the Midcontinent.
Although it is a considerable distance to the south, southern Illinois is host to an abundance of Permian
alkalic and ultramafic igneous intrusions, and contains the igneous-related southern lllinois-Kentucky MVT
fluorospar district (English and Grogan, 1948; Snyder and Gerdemann, 1 x 5 ; Zartman et al., 1967; Rock, 1 M ;
Plumlee et al., 1995; Pomr et al., 1995; Reynolds et al., 1997). It is conceivable that the Wisconsin intrusions
are related to the same event that p r o d u d those in the southern Illinois region.
It is also possible that the breccia pipe and the igneous activity in southeastern Wisconsin formed during
the Middle Paleozoic. The exact timing of bredation is not known, but the main stage of brecciation in the
Threemile Road breccia pipe occurred before precipitation of most of the MVT minerals in the breccia body, The
similarity of the color zonations of the late-stage and the disseminated sphalerites in the Threemile Road breccia
pipe to those throughout eastern Wisconsin suggests that they might have the same origin, and therefore the same
timing. If this correlation is correct, the breccia body would have formed during or before the regional MVT
mineralization event that affected eastern Wisconsin, which is interpreted to be Late Devonian-Mississippian in
age (Luczaj, 1998b). There is evidence for a regional thermal anomaly during the Devonian-Mississippian, based
upon radiometric age dates and fluid-inclusion analyses of potassium silicate minerals from throughout the upper
Midwest. Potassium silicate diagenetic mineds, including authigenic illitetsmectite clays and authigenic Kfeldspar overgrowths on detrital feldspar grains, occur throughout the Midcontinent region. In Wisconsin and
Michigan, radiometric age dates for K-silicate m i n e d s are mainly Late Devonian-Mississippian (Hay et al,,
1988; Girard and Barnes, 1995; Liu, 1997). Fluid-inclusion studies of Middle Paleozoic authigenic K-feldspar
overgrowths in rocks of central Wisconsin indicates precipitation of K-feldspar from a brine at temperatures of
1W0Cor higher (Liu, l W ) , which is significant because the rocks were probably never buried by more than
about 1 km of overlying sediments (Luczaj, 1998b). More importantly, Girard and Barnes (1995) also presented
evidence m r d e d by K-silicate minerals supporting an "abnormally high thermal regime1' during Late DevonianMississippian time in parts of the Michigan basin, especially along segments of the Precambrian Midcontinent
Rift. This suggests that a much higher geothermal gradient existed in parts of the region during the middle part
of the Paleozoic and may be related to a reactivation of the Midcontinent Rift beneath the Michigan basin,
perhaps due to disturbances caused during the Acadian Orogeny. A possible analog for this system, at a different
time, is the Reelfoot Rift in the southern Midcontinent, which was the location of igneous intrusive activity,
Mississippi Valley-type mineralization, and a greatly elevated geothermal w e n t during Permian time (e.g.,
Reynolds et al., 1997).
CONCLUSIONS
The Threemile Road breccia pipe in the Vulcan quarry at Racine contains angular dolostone blocks of
various sizes and is cemented by calcite crystals. Marmite, pyrite, and sphalerite are present in the breccia pipe,
along with smaller amounts of galena, bitumedtar, and small breccia fragments containing biotite, muscovite,
barite, fluorite, diamond, and corundum. It is proposed that the breccia pipe is the upper, country rock-dominated
portion of a diatreme that formed as a result of hydrohcturing associated with a local post-Silurian ullxam~ic
intrusive body, similar to the one recently reported from Kenosha County, Wisconsin. Although the possibility

of w
;My-overpressured brines exiting the Michigan basin along regional aquifer systems cannot be ruled
out, regionalI permeability arguments and the presence of fragments of basement or igneous material support an
igneous-relaled mechanism for the formation of the Threemile Road breccia pipe. The ultramafic intrusions and
the hydrothetrmal mineralization in Paleozoic rocks of southeastern Wisconsin may have been related to a larger
scale therma^-tectonicevent that influenced the northern Midcontinent region during the Middle Paleozoic.
ACKNOWLEDGMENTS
ling for field research was provided by the Department of Earth and Planetary Sciences at Johns
iversity. I would like to thank the Vulcan Materials Company for allowing access to the quarry and
the Crystal Iixploration Inc./Ashton Mining of Canada joint venture for supplying core samples from the Six-Pak
intrusion in IKenosha County, Wisconsin. I would also like to thank Shawn Carison of Ashton Mining for
interesting and helpful comments regarding this manuscript. David Noe performed the TEM work and
diffraction p,attern modeling. I would also like to thank Tom Evans and Roger Peters of the Wisconsin
Geological and Natural History Survey for access to drill cores and cuttings from Wisconsin. T. S. Laudon and
the Universilty of Wisconsin-Oshkosh contributed important samples from the breccia pipe and supplied the
proton precession magnetometer. Lawrence Hardie and Dimitri Svedensky gave useful reviews and discussions
of early versions of this manuscript.

REFERENCES
.A., 1969, Hydrothermal alteration of a breccia pipe deposit, Tribag Mine, Batchawana Bay,
. Economic Geology, v. 64, p. 55 1-563.
3. P., 1940, Occurrence of millerite at Milwaukee, Wisconsin. American Mineralogist, v. 25,556and Andrew, A. S., 1991, Geologic, fluid inclusion, and stable isotope studies of the gold-bearing
ripe at Kedston, Queensland, Australia. Economic Geology, v. 86, 810-830.
., and Bradbury, J. C., 1989, Illinois-Kentucky fluorospar mining district, in, Baxter, J. W.,
y, J. C., Kisvarsanyi, E. B., Gerdemann, P. E., Gregg, J. M., and Hagni, R. D., eds., Precambrian and
c geology and ore deposits in the midcontinent region. 28th International Geological Congress Field
debook, v. T147, p. 4-36.
I., Lidak, E. G., and Lewis, R., 1982, K-Ar ages of phlogopite from mica peridotite, Omaha oil field
n, Gallatin County, southern Illinois. Geological Society of America, Abstracts with Programs, v.
5, p. 255.
.,and Maass, R. S., 1992, A reconnaissance survey of wells in eastern Wisconsin for indications of
ppi Valley Type mineralization. Wisconsin Geological and Natural History Survey Open File Report
1 pages.
. 1968, Intrusive breccias associated with ore, Warren Mining District, Arizona. Economic Geology,
12.
E., 1988, Mineralization at Cananea, Sonora, Mexico, and the paragenesis and zoning of breccia
quartzofeldspathic rock. Economic Geology, v. 83, p. 1760-1781.
A., and Adarns, G. W., 1997, The diamondiferous Six-pak ultramafic larnprophyre diatreme,
,Wisconsin, U.S.A. Institute on Lake Superior Geology, Annual Meeting, v. 43, 11-12.
F., and Mudrey, M. G., Jr., 1981, The potential for diamond-bearing kimberlite in northern Michigan
mnsin. United States Geological Survey, Circular 842, 15 pages.
, 1924, Marcasite from the Racine Dolomite, Racine, Wisconsin. American Mineralogist, v. 9, 151S., 1985, Rock Elm structure, Pierce County, Wisconsin; a possible cryptoexplosion structure.

,V. 13,372-374.
^oord, E. E., Zartman, R. E., Pearson, R. C., and Foster, F.,1996, Chronology of Late Cretaceous
and hydrothermal events at the golden sunlight gold-silver breccia pipe, southwestern Montana. U.S.
al Survey Bulletin, v. 2155, p. 1-48.
and Ashley, P. M., 1992, The Devils Chimney breccia pipe, Dyamberin area, northeastern New
ales. Australian Journal of Earth Sciences, v. 39, p. 239-247.

English, R. M., and Grogan, R. M., 1948, Omaha pool and mica-peridotite intrusives, Gallatin County, Illinois.
in, J. V. Howell, ed., Structure of typical American oil fields, Volume 111. American Association of
Petroleum Geologists, Tulsa, Oklahoma, p. 189-212.
Girard, J. P., and Barnes, D. A., 1995, Illitization and paleothermal regimes in the Middle Ordovician St. Peter
Sandstone, central Michigan basin: K-Ar, oxygen isotope, and fluid inclusion data. American Association of
Petroleum Geologists Bulletin, v. 79,49-69.
Goldstein, R. H. and Reynolds, T. J., 1994, Systematics of fluid inclusions in diagenetic minerals. Society for
Sedimentary Geology (SEPM) Short Course, v. 3 1, 199 pages.
Hay, R. L., Lee, M., Kolata, D. R., Matthews, J. C., and Morton, J. P., 1988, Episodic potassic diagenesis of
Ordovician tuffs in the Mississippi Valley area. Geology, v. 16,743-747.
Kluessendorf, J. J., Mikulic, D. C., and Carrnan, M. R., 1988, Distribution and depositional environments of the
westernmost Devonian rocks in the Michigan basin. in, N. McMillan, A. Embry, and D. Glan eds., Devonian
of the World; proceedings of the second international symposium on the Devonian system, Canadian Society
of Petroleum Geologists Memoir, no. 14, v. 1,251-264.
Kroll, B. and Westphal, W., 1983, Silurian Racine Dolomite of Racine, Wisconsin, in, J. H., Shea, ed., MidPaleozoic and Quaternary geology of southeastern Wisconsin. 15th Annual University of Wisconsin System
Undergraduate Field Conference, p. 45-49.
Kuntz, C. S. and Perry, A. O., 1976, History of reports on selected faults in southern and eastern Wisconsin.
Geology, V.4,241-246.
Liu, J., 1997, K-metasomatism in uppermost Precambrian rocks in west-central Wisconsin and southeastern
Missouri. Ph.D. Dissertation, University of Illinois at Urbana-Champaign, 227 pages.
Llambias, E. J., and Malvicini, L., 1969, The geology and genesis of the Bi-Cu mineralized breccia-pipe, San
Francisco de 10s Andes, San Juan, Argentina. Economic Geology, v. 64, p. 271-286.
Luczaj, J. A., 1998%Sulfide mineralization and massive dolomitization in eastern Wisconsin: Evidence for a
common origin during post-Silurian regional hydrothermal activity. Geological Society of America,
Abstracts with Program, v. 30, no. 2, p. 57.
Luczaj, J. A., 1998b, Epigenetic dolomitization and sulfide mineralization in Paleozoic rocks of eastern
Wisconsin. SEPM Research Conference, Fluid How in Carbonates, Program with Abstracts. Door County,
Wisconsin, September 20-24,1998, p. 18.
McCallum, M. E., 1985, Experimental evidence for fluidization processes in breccia pipe formation. Economic
Geology, V. 80, 1523-1543.
McLimans, R. K., Barnes, H.L., and Ohmoto, H., 1980, Sphalerite stratigraphy of the Upper Mississippi Valley
zinc-lead district, southwest Wisconsin. Economic Geology, v. 75, p. 351-361.
Mernrni, J. M. and Pride, D. E., 1997, The application of Diamond Exploration Geoscientific Information System
(DEGIS) technology for integrated diamond exploration in the north-central United States of America.
International Journal of Remote Sensing, v. 18, 1439-1464.
Mikulic, D. G., 1977, Preliminary revision of the Silurian stratigraphy of southeastern Wisconsin. in, K. G.
Nelson ed., Geology of southeastern Wisconsin. Annual Tri-State Geological Field Conference Guidebook,
V. 41, A06-A34.
Mudrey, M. G., Brown, B. A., Freiberg, P. G., and Simo, J. A., 1996, Mississippi valley-type mineralization in
the Fox River Valley, eastern Wisconsin. Institute on Lake Superior Geology, v. 42, part 1,38-39.
Mudrey, M. G., Brown, B. A., and Greenberg, J. K., 1982, Bedrock Geologic Map of Wisconsin. Wisconsin
Geological and Natural History Survey Map.
Nicolaysen, L. O., and Ferguson, J., 1990, Cryptoexplosion structures, shock deformation and siderophile
concentration related to explosive venting of fluids associated with alkaline ultramatic magmas.
Tectonophysics, v. 171, 303-335.
Noble, S. R., Spooner, E. T. C., and Harris, F. R., 1984, The Logtung large tonnage, low-grade W (Schee1ite)Mo porphyry deposit, south-central Yukon Territory. Economic Geology, v. 79,848-868.
Norman, D. I., and Sawkins, F. J., 1985, The Tribag breccia pipes: Precambrian Cu-Mo Deposits, Batchawana
Bay, Ontario. Economic Geology, v. 80, p. 1593-1621.
Norton, D. L. and Cathles, L M., 1973, Breccia pipes - products of exsolved vapor from magmas. Economic
Geology, V. 68,540-546.
Ohle, E. L., Breccias in Mississippi Valley-type deposits. Economic Geology, v. 80, p. 1736-1752.

M.J. and Swarbrick, R. E., 1997, Mechanism for generating overpressure in sedimentary basins: A
ter
on of

' the
mian
ciety
stem

luation. American Association of Petroleum Geologists Bulletin, v. 8 1, 1023-1041.
G. S., Goldhaber, M. B., and Rowan, E. L., 1995, The potential role of magmatic gases in the genesis
nois-Kentucky fluorosphar deposits: Implications from chemical reaction path modeling. Economic
>gy,V. 90, p. 999-1011.
J., Goldhaber, M. B., Heigold, P. C., and Drahovzal, J. A., 1995, Structure of the Reelfoot-Rough
rift system, fluorospar area fault complex, and Hicks dome, southern Illinois and western Kentucky constraints from regional seismic reflection data. U.S. Geological Survey Professional Paper, v. 1538-Q,

.,Walshe, J. L., Paterson, R. G., Both, R. A., Andrew, A., 1995, Magmatic and hydrothermal history of
~phyry-styledeposits of the Ardlethan tin field, New South Wales, Australia. Economic Geology, v.
1620-1645.
, R. L.,Goldhaber, M.B., and Snee, L. W., 1997, Palmmagnetic and 40Arl39Ar results from the Grant
ive breccia and comparison to the Permian Downeys bluff sill - Evidence for Permian igneous activity
:ksdome, southern Illinois basin. United States Geological Survey Bulletin, v. 2094-G, p. 1-16.
M. S., 1990, Lamprophyres. Van Nostrand Reinhold, New York, 285 pages.
E., 1968, The non colloidal origin of 'collofonn' textures in sphalerite ores. Economic Geology, v. 63,
71.
F. J., Chemical brecciation, an unrecognized mechanism for breccia formation? Economic Geology, v.
613-617.
. H., 1985,Ore-related breccias in volcanoplutonic arcs. Economic Geology, v. 80, p. 1467-1514.
L H.,Grauberger, G. L., and Elliott, J. E., 1985, A diatreme-hosted gold deposit at MontanaTunnels,
ma. Economic Geology, v. 80, p. 1707-1721.
H. and Sawkins, F. J., 1971, Geologic, mineralogic and fluid inclusion studies relating to the origin of
r-bearing tourmaline breccia pipes, Chile. Economic Geology, v. 66, 1028-1041.
i., Freiberg, P. G., and Freiberg, K.S., 1996, Geologic constraints on arsenic in groundwater with
ations to groundwater modeling. University of Wisconsin System, Water Resource Center,
idwater Research Report, no. 96-01,60 pages.
. G. and Gerdemann, P. E.,1965, Explosive igneous activity along an Illinois-Missouri-Kansasaxis.
ican Journal of Science, v. 263,465-493.
and Shelton, K.L., 1983, A sulfur isotopic and fluid inclusion study of the Cu-W-bearing tourmaline
a pipe, llkwang mine, Republic of Korea. Economic Geology, v. 78, p. 326-332.
. 1987, A fluid inclusion and sulfur isotope study of precious and base metal mineralization spatially
ated with the patch and gold cup breccia pipes, Central City, Colorado. Economic Geology, v. 82, p.
1639.
K. A., Hean, W. F., Herb, S., Brukardt, and Friedel, R. J., 1997, Gravity signature of the Waukesha
southeastern Wisconsin. Gmscience Wisconsin, v. 16, p. 47-54.
R., 1978, Intraplate seismicity, reactivation of preexisting zones of weakness, alkaline magmatism, and
tectonism postdating continental fragmentation. Reviews of Geophysics and Space Physics, v. 16,621-

.

ruc
illey
ystem

i,

T.B., 1968, Hydrothermal alteration and mineralization of the Rialto stock, Lincoln County, New

Economic Geology, v. 63, p. 943-949.
H. B., Frye, J. C., Simon, J. A., Clegg, K. E., Swann, D. H., Atherton, E., Collinson, C., Lineback, J.
d Buschbach, T. C., 1967, Geologic Map of Illinois. Illinois State Geological Survey, Urbana, Illinois.
R. E., Brock, M. R., Heyl, A. V., and Thomas, H. H., 1967, K-Ar and Rb-Sr ages of some alkalic
sive rocks from central and eastern United States. American Journal of Science, v. 265, p. 848-870.
D.

el-

Studies on Ore Deposits, Mineral
Economics, and Applied Mineralogy: With
Emphasis on Mississippi Valley-ty pe Base
Metal and Carbonatite-related Ore Deposits

Richard D. Hagni, editor

University of Missouri-Rolla
Rolla, Missouri
2001

Publication Date: September, 2001

Printed by
The University of Missouri-Rolla

