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Abstract 
 

The Mill Street Conglomerate at Taylors Falls, Minnesota (U.S.A.) lies on the 
unconformable contact between Midproterozoic volcanic flows and Cambrian sandstone 
and provides rare insight into the dynamics of ancient rocky shorelines.  Few 
sedimentological studies of the Mill Street Conglomerate have been conducted, and 
before this study evidence of microbial activity had not been recognized in the Mill Street 
Conglomerate.  In this study, I define matrix facies of the Mill Street Conglomerate at 
two localities and interpret paleoenvironmental depositional conditions.  At one locality, 
fenestrae and crinkly laminated siliciclastic microbial mat fabrics characterize deposition 
on the Cambrian shore.  The hummocky cross-stratified sand of another locality 
characterizes deposition in an offshore environment, implying that environmental 
conditions on the Cambrian shore varied spatially and over time. Close examination of 
the matrix of the Mill Street Conglomerate reveals information about the Precambrian 
weathered landscape and the nature of the shallow epeiric sea that covered most of 
present-day North America during the Cambrian period.  
 
 
 
 
 
 
 
 
 
 
 
Keywords: Cambrian, shoreline features, basal conglomerate, matrix, siliciclastic rocks, 
stromatolites  
 



Introduction 

The Mill Street Conglomerate is a basalt boulder conglomerate at Taylors Falls, 

Minnesota (U.S.A.) that lies on the nonconformable contact between the 

Mesoproterozoic (~1.1 Ga) Chengwatana Volcanic Series and sandstones of the Upper 

Cambrian (~500 Ma) Franconia formation (Fig. 1; Mossler, 1987; Gradstein et al., 2004).  

The MSC was named and described by Berkey (1898) as part of his work toward the first 

Master’s Thesis in the Geology Department at the University of Minnesota.   Since that 

pioneering work, few sedimentological studies of the Mill Street Conglomerate have been 

conducted, although the taxonomy of its fossils has been extensively studied (Berkey, 

1898; Sardeson, 1903; Nelson, 1951; Berg, 1954; Yochelson and Webers, 2006). 

Across North America, Cambrian sedimentary deposits unconformably overlie 

Pre-Cambrian rocks, typically crystalline “basement” rocks.  This unconformity 

represents a period of widespread subaerial exposure and weathering of Pre-Cambrian 

rocks.  The interface between exposed, weathered, pre-existing rock and overlying 

sedimentary deposits provides insight into the nature of transgressing seas that covered 

much of the North American continent in the Cambrian Period.  Basal Cambrian 

conglomerates are studied because they can reveal the extent of weathering that occurred 

in Pre-Cambrian eras as well as paleoenvironmental conditions that existed in shallow 

epeiric Cambrian seas.  

Preservation of shoreline deposits in the rock record is rare, as is literature on the 

characteristics of those shorelines.  The Mill Street Conglomerate is widely accepted as a 

preserved example of an ancient rocky shoreline (Nagel, 1973; Cordua, 1978; Cavaleri et 

al., 1987) and Taylors Falls has become an important field trip stop for geologists and 
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Figure 1.  Geologic map of study area.  Dark grey marks modern exposures of 
Chengwatana Volcanic Group (~1.1 Ga) basalts.  Dark yellow marks modern 
exposures of Franconian (~500 Ma) sandstone.   Pale yellow marks quaternary 
cover.  Outcrops of Mill Street Conglomerate  (in red) located at  unconformable 
contact between Chengwatana basalts and Franconia sandstone.  Location of 
this study marked with a white star.  St. Croix River marks boundary between 
Minnesota and Wisconsin. Inset in upper left shows Keewenawan (~1.1 Ga) 
Rift-related basalts in black.  Study area denoted with white box.  Modified from 
Wirth (1997) and Yochelson (2006) from Baker et al. (1989).
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geology students from across the Upper Midwest.  While extensive work has been done 

on Cambrian fauna found in the Taylors Falls area (Berkey, 1898; Sardeson, 1903; 

Nelson, 1951; Berg, 1954; Yochelson and Webers, 2006), literature on the sedimentary 

characteristics of the Mill Street Conglomerate is limited to field trip guides (Nagel, 

1973; Cordua, 1978; Cavaleri et al., 1987).  Before this study, evidence of microbial 

activity has not been recognized in the Mill Street Conglomerate. 

 

Geologic Background and Previous Work 

 The Keweenawan Rift System is a failed mid-continental rift that has been dated 

to approximately 1.1 Ga (Van Schmus and Hinze, 1985; Cannon, 1992). A wide band of 

rift-related flood basalts stretches from Ontario to Kansas (Fig. 1 inset); the rift system is 

not continuously exposed, so gravity mapping has been used to constrain the extent of 

volcanism (Allen et al., 1995).  Proterozoic syn-rift sediments locally flank basalt flows 

(Van Schmus and Hinze, 1985), both of which are unconformably overlain by Paleozoic 

sandstone that was deposited beginning in the Cambrian period, when a shallow epeiric 

sea transgressed over much of the supercontinent of Laurentia (now the North American 

continent).  At Taylors Falls, Keweenawan Rift-related basaltic flows are part of the 

Chengwatana Volcanic series (Wirth et al., 1997).    

 The Chengwatana basalts have been well studied with regard to their chemical 

composition and timing of emplacement relative to other basalts in the Mid-Continent 

Rift system (Berkey, 1898; Wirth et al., 1997; Kean et al, 1997).  Chengwatana volcanic 

rocks are classified as high-Fe tholeiitic basalts and have undergone low-grade 

(greenschist) metamorphism; on average, 20-40% of these volcanic flows consist of 
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metamorphic minerals such as epidote, chlorite, actinolite, quartz, albite, and 

occasionally Fe-Ti oxides (Wirth et al., 1997). 

Paleozoic sediments regionally occupy a broad depression referred to as the 

Hollandale Embayment and have been well studied to determine their depositional 

environments (Austin, 1970; Runkel, 1994).  Sedimentologists place the Cambrian paleo-

shoreline in Minnesota along roughly the same boundary as the extent of outcrops of 

Paleozoic formations (Fig. 2; Mossler, 1987); the inferred paleoshoreline passes through 

the study area around Taylors Falls.   

 

Facies Descriptions 

The Mill Street Conglomerate is a pebble- to boulder-size clast-supported 

conglomerate with rounded to sub-angular clasts of basalt.  Pebbles and cobbles of basalt 

can locally be considered part of the matrix between boulders, but in this study all basalt 

clasts are assumed to be part of the conglomerate framework.  Two outcrops of the Mill 

Street Conglomerate located west of Taylors Falls were compared for this study (Fig. 3). 

Matrix of the Mill Street Conglomerate varies substantially with no discernible trends in 

spatial distribution at MSC-1, while matrix at MSC-2 is more uniform throughout the 

outcrop. I differentiate five matrix facies (Fig. 4), listed in order of abundance in the 

limited study area:  
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Figure 2.  A and B modified from Mossler (1987).  A) Paleogeographic reconstruction 
of the Hollandale Embayment  based on northern limit of Paleozoic sedimentary 
deposits.  Note location of Taylors Falls in region marked “Lava Flow Headlands and 
Islands”.  B) Stratigraphic column for Cambrian sedimentary deposits in Minnesota.  
Note unconformities with underlying Midproterozoic sedimentary and igneous rocks. 
Arrow points to stratigraphic level of the Mill Street Conglomerate, located on the 
unconformity between Proterozoic igneous rock and Franconia sandstone.    
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Figure 3.  Outcrops of the Mill Street Conglomerate in this study. Arrows in A and B show vantage point for photos taken at 
outcrops and correspond to arrows in C.   A) MSC-1. Note large, rounded, protruding boulders of basalt and red matrix.  Hammer 
on bottom right side of outcrop is 40 cm.  B) MSC-2.  Note angular boulders of basalt with low relief and tan matrix.  C) Locations 
of MSC-1 and MSC-2. Red arrow marks MSC-1, blue arrow marks MSC- 2.  Contour interval=10 feet.  Location map modified from 
U.S. Geological Survey Topographic Map.     
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Figure 4.   Matrix Facies of the Mill Street 
Conglomerate. A-D observed at MSC-1.  E 
observed at MSC-2.  A) Quartz wacke with 
yellow to red clay-rich groundmass.  Matrix 
fills voids between conglomerate pebbles 
and cobbles.  B) Quartz arenite with red 
clay-rich matrix.  White arrows point to 
laminated intraclasts, black arrows point to 
layers of elongate voids.  C) Cryptocrystalline 
silica cement found in association with Facies 
A. White arrow points to Facies A, black arrow 
points to amorphous silica cement.  D) Lithic 
arenite.  Dashed line marks contact between 
basalt clast and arenite. Note grain size 
grading within arenite.  E) Hummocky cross-
stratified quartz arenite with silica cement.
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Facies A: Quartz wacke 

Sub-angular fine-grained quartz sand is unevenly distributed in a yellow to dark 

red Fe-rich clay groundmass (Fig. 5).  Whole single and paired inarticulate brachiopod 

valves are present but sparse.   In some localities the groundmass has distinct 

rhombohedral-shaped voids averaging ~0.5 mm in length. This facies has only been 

observed in areas of the conglomerate with many pebble- to cobble-size clasts and 

appears to be widely distributed throughout MSC-1.   

 

Facies B: Quartz arenite 

Angular to sub-angular very fine- to fine-grained quartz sand and sub-rounded 

sand-size opaque grains constitute this facies (Fig. 6). Some quartz grains have concavo-

convex grain-to-grain contacts or silica cement overgrowths.  Between all grains is a dark 

brown clay-rich matrix that is different from the clay-rich groundmass in Facies A: the 

clay-rich material in Facies B makes up a smaller percentage of the matrix, is less opaque 

in thin section, and has small-scale color variations that form streaky fabrics (Fig. 6C).  

Laminae of quartz sand are interlayered with clay-rich material.  Clay-rich layers locally 

appear to have ‘flowed’ between quartz grains and opaque grains (Fig. 6D).  Laminae are 

present as a wispy, crinkled fabric and as interclasts (Fig. 6E). Facies B is characterized 

by abundant voids.  Void fabrics are best viewed in cut hand sample and vary from 

random or weakly aligned round to irregular vugs to discrete layers of elongate, mm-

scale subhorizontal voids (Fig. 4B).  This facies crops out in several localities at MSC-1 

and appears to be interspersed with Facies A along the outcrop. 
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Figure 5.  Facies A.  Photomicrographs in B-E are under plane polarized light.  A) 
Facies A in pebble- and cobble-rich locality at MSC-1.  Knife is 8 cm.  B) Quartz wacke 
with dark red clay groundmass filling voids between basalt pebbles.  C) Quartz 
wacke with clay groundmass that varies from yellow to red.  Angular conglomerate 
pebble in upper right corner of photomicrograph.  D) Sub angular quartz sand in 
red to yellow clay-rich groundmass. E) Inarticulate brachiopod valves in clay ground-
mass with unevenly distributed fine-grained quartz sand and rhombohedral voids 
in lower left corner.  F) Locality with abundant rhombohedral voids.  
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Figure 6.  Facies B.  Photomicro-
graphs in B-E are under plane 
polarized light.  A) Red sandy 
matrix with many voids follows 
contours of conglomerate boul-
der. Knife is 8 cm and rests 
against boulder. B)  Quartz 
arenite with clay-rich material 
and irregular voids.   C) Intraclast 
of clay-rich material with quartz 
sand and opaque grains. Note 
color variations in clay-rich 
material.  D) Dark clay-rich lami-
nae ‘flow’ around quartz grains.  
E) Composite photomicrograph 

A B

C D

E

of crinkly laminated fabric with  irregular voids.   Note conglomerate clast resting on 
top of laminae and intraclast of darker clay-rich material in upper half of photomicro-
graph.  Scale bar is 4 mm.  
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Facies C: Cryptocrystalline silica cement 

Red to yellow silica-, aluminum-, and potassium-rich cryptocrystalline cement 

fills spaces between pebble-size conglomerate clasts (Fig. 7).  Quartz grains are absent to 

rare in this facies.  Facies C is locally found in association with Facies A but appears to 

be less abundant than Facies A at MSC-1.   

 

Facies D: Lithic arenite 

Rounded to sub-rounded mafic grains, rare quartz grains, and abundant opaque 

grains range from coarse sand-size (~1 mm in diameter) adjacent to conglomerate clasts 

to ~100 um in diameter (Fig. 8).  Isopachous circumgranular microcrystalline silica 

cement fringes larger grains and cements smaller grains; chlorite cement appears to fill 

secondary voids.  This is the only matrix facies of the MSC with observed grading.  

Facies D was observed at one locality at MSC-1. 

 

Facies E: Hummocky cross-stratified quartz arenite 

Hummocky cross-stratified to swaley cross-stratified fine-grained quartz sand 

with silica cement (Fig. 4E) was only observed at MSC-2, where it appears to be the 

dominant matrix type.  Whole single inarticulate brachiopods and trilobite fragments are 

locally abundant.  Carbonate spar partially fills local large voids in this facies.  
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D

Figure 7.  Facies C.  Photomicrographs in C and D under plane polarized light.  
A) Cryptocrystalline quartz cement fills cm-scale voids between conglomerate 
pebbles.  Note basalt clast in lower left corner that has been broken into small pieces.  
B) Scanned image of thinsection from MSC-1.  Arrows point to contacts between 
Facies C and Facies A.   Scale bar is 1 cm.  C) Photomicrograph of cryptocrystalline 
cement filling small (mm-scale) voids between conglomerate pebbles.  Note gradual 
transition to quartz wacke (Facies A) in upper right hand corner of photomicrograph.  
D)  Closeup of cryptocrystalline silica cement. 
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Figure 8.  Facies D.  Photomicrographs in B-E under plane polarized light.  A) Facies D 
at outcrop MSC-1. Pencil points to contact between basalt boulder (left side of 
picture) and matrix.  B)  Lithic arenite grading from ~1 mm- to 100 µm-diameter 
grains.  Contact with conglomerate clast in lower part of photomicrograph.   C)  Very 
fine sand-size mafic grains with microcrystalline silica cement.  D) Abundant sub-
rounded lithic grains in fine sand-size fraction of Facies D.  E) Rounded lithic grains 
with isopachous microcrystalline silica cement and chorite cement in secondary 
voids. 
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Facies Interpretations 

 Early studies of Mill Street Conglomerate fauna placed deposition of the 

conglomerate in the Cambrian period (Berkey, 1898; Sardeson, 1903); in-depth studies of 

fauna have refined depositional age to the Upper Cambrian (~500 Ma) Franconian stage 

(Berg, 1954; Yochelson and Webers, 2006).   

Facies A was deposited in localities along the Cambrian shoreline where 

environmental conditions resulted in less frequent episodes of sedimentation.  Locally, 

the conglomerate framework of boulders and pebbles may have restricted infiltration of 

quartz sand.  Iron and other minerals in the clay groundmass filling voids between 

conglomerate clasts were locally available from the deeply weathered basalts in the 

Chengwatana Volcanic Series.  Preserved Precambrian weathering profiles in mafic rocks 

show significant loss of Fe in weathered mafic rock (cf. Sutton and Maynard, 1993).  

Inarticulate brachiopod valves in Facies A are typically whole, suggesting little to no 

postmortem transport of valves. Millimeter-scale rhombohedral voids in the clay 

groundmass were likely euhedral dolomite crystals that have been removed by 

dissolution; the Mill Street Conglomerate is the same stratigraphic age as local strata that 

contain abundant dolomite, which has been interpreted as detrital in origin (Berg, 1954).   

Facies B was deposited in localities of the Mill Street Conglomerate where 

environmental conditions favored deposition of quartz sand along the Cambrian 

shoreface.  Crinkled stromatolitic laminae with alternating layers of quartz sand and clay-

rich material were formed when microbial mats amongst the boulders on the shore were 

inundated and covered with thin layers of quartz sand.  During periods of nondeposition 

mat communities reestablished themselves, creating mat fabrics with discrete layers of 
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quartz sand.  Elongate subhorizontal voids found locally in Facies B are interpreted as 

fenestrae.  Fenestrae are voids in sedimentary rocks that can be open or filled with 

secondary cements and have no apparent support structure in the fabric of the rock; the 

shape of fenestrae is used to infer depositional setting and environmental conditions for 

ancient rocks (Flugel, 2004).   The elongate, irregular fenestrae in Facies B (Fig. 4B) may 

have been formed by gas bubbles sourced from decaying organic matter that were 

trapped as microbial mats grew along the rocky shoreline (Flugel, 2004; cf. Pfluger, 

1999).   

The dark brown clay-rich material of Facies B is present but difficult to interpret 

in localities rich in quartz sand; clay-rich material in localities with lower concentrations 

of quartz sand exhibits textures that ‘flow’ around individual quartz grains or forms 

laminae as previously described.  Laminated fabrics were deformed while still at the 

sediment surface, as evidenced by conglomerate clasts that rest directly on top of 

deformed laminated microbial mat fabrics (Fig. 6E).  Intraclasts of laminated fabric may 

indicate that mats dried out during periods of subaerial exposure, when erosion undercut 

mats, or when storm events ripped up mats, suggesting that mats may have developed in 

the intertidal zone.     

 The cryptocrystalline cement of Facies C is enigmatic and may be associated with 

syndepositional or post-depositional hydrothermal activity, groundwater related 

processes, or another unknown process.  In modern hydrothermal environments, the 

precipitation of silica (opal-A) is associated with stromatolite communities (Konhauser et 

al., 2001; Jones et al., 2005; Fernandez Turiel et al., 2005). Silica in these environments 

typically precipitates directly on microbial structures and is less than 10 μm thick (Jones 
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et al., 2005).  Beaches in one modern hydrothermal environment in New Zealand have 

locally developed beachrock composed primarily of pebble-sized volcaniclastic grains; 

mm-scale amorphous silica cement fills voids between clasts, and microbes act as sites of 

nucleation for the silica cement (Jones et al., 1997).   There is little evidence for 

hydrothermal activity in the Mid-continent Rift system from the Cambrian period to the 

present, making it difficult to attribute Facies C to hydrothermal sources. However, mm- 

and cm-scale patches of drusy and cryptocrystalline quartz are found as void filling 

cements in the Paleozoic carbonates in southern Minnesota, and this quartz is associated 

with minor Mississippi Valley Type mineralization that is thought to have affected the 

entire Paleozoic succession in southeastern Minnesota, including areas adjacent to the 

study area (Runkel et al., 1993). 

 Abundant lithic grains of Facies D occur very locally at MSC-1.  Spatial 

variations in topography along the Cambrian shoreline may have restricted deposition of 

sand but allowed for reworking of basalt into mm-μm sized grains.  Alternatively, lithic 

grains may have been locally available from the weathered basalts of the Chengwatana 

Volcanic series.   

The hummocky and swaley cross-stratified sands of Facies E were deposited in a 

subtidal environment, below fair weather wave base (Runkel, 1994; cf. Noffke et al., 

2002).  Brachiopods and trilobites lived on the sandy substrate; other invertebrate marine 

fauna may have been present but were not preserved in the rock record or were not 

observed at MSC-2.  Iron-rich material does not form the primary cement in this facies; 

periodically energetic conditions may have prevented deposition of clay-rich material 

(Runkel, 1994).     
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Paleoenvironment of the Mill Street Shoreline 

 The matrix of the Mill Street Conglomerate was locally deposited in a rocky 

peritidal environment.  Resistant headlands of basalt formed islands in the shallow epeiric 

sea that covered much of the North American continent during the Cambrian period.  

Boulders of basalt created meter-scale variations in topography and formed a semi-

protected environment with spatial variations in sediment influx along the shoreline  

(Fig. 9).  Microbes colonized small sandy deposits between basalt boulders and possibly 

exposed surfaces on basalt boulders and pebbles.  Sticky microbial mats incorporated 

sand into their structures during periods of inundation.  Over time, mats built up and 

trapped gas from decaying organic material beneath their surfaces.   Large-scale 

siliciclastic stromatolite communities did not develop, perhaps because of local 

environmental factors.  Brachiopods, mollusks, and other fauna lived on and between 

boulders along the shoreline. Other localities along the shoreline may have experienced 

higher energy hydrodynamic conditions that prevented deposition of sand until 

transgressing seas covered the shoreline, resulting in deposition of hummocky cross-

stratified quartz sand in an offshore environment.  Alternatively, weathered rocky cliffs 

along the shoreline could have dropped boulders into deep near-shore water where a 

relatively calm environment allowed for deposition of hummocky cross-stratified sand 

between fresh basalt boulders.        
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Figure 9.  Hypothetical Cambrian Shoreline.  A) Idealized basalt island with vary-
ing environments along the shoreline.  Topographic lines suggest general eleva-
tions.  Box marks area in B.   B) Possible variations in basalt boulder framework 
along the shoreline.  Meter-scale variations in topography and relative protection 
from waves affect type and amount of sediment deposited along the shoreline.   
Arrow marks hypothetical dominant wave direction. 
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Discussion 

Refining the Cambrian Shoreline 

I place outcrop MSC-1 on the Cambrian shoreline based on two characteristics of 

the matrix of the Mill Street Conglomerate: the fenestral voids and crinkly laminated 

siliciclastic microbial mat fabrics in Facies B.  Facies A, when considered independently, 

contains no compelling evidence for placement on the Cambrian shoreline.  However, 

distribution and interspersal of Facies A and B throughout MSC-1 implies that both 

facies were deposited on the Cambrian shore. 

Fenestral fabrics can develop in sedimentary deposits for a variety of reasons. In 

intertidal environments, gas produced by decaying organic matter can become trapped 

beneath microbial mats, forming elongate voids (Flugel, 2004).   Microbial mats can dry 

out and contract when exposed at low tide, creating spaces that are preserved when mat 

growth continues.  While not observed in the MSC, bedding plane wrinkle structures in 

sedimentary clastics have also been attributed to decay of organic material and 

subsequent entrapment of gas bubbles beneath microbial mats (Soudry, 1995; Pfluger, 

1999).   Fenestral fabrics are commonly associated with intertidal and supratidal 

environments (Hardie, 1977; Flugel, 2004).   

 Laminated fabrics result from changing depositional conditions in sedimentary 

environments and can be generated by multiple processes (Flugel, 2004). Regular or 

irregular variations in the amounts and types of sediment in a depositional system can be 

caused by changes in external environmental controls that vary on daily cycles (tides), 

seasonally, or secularly over time.  Laminae can also result from internal controls on 
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sediment deposition.  Stromatolites and other microbial communities internally mediate 

sedimentation by trapping grains through baffling and binding processes (Flugel, 2004).  

When individual grains of quartz sand are incorporated into the microbial fabric, wavy 

laminae follow the contours of individual grains (Gerdes et al., 2000; Noffke et al., 

2002).  Clay-rich laminae in Facies B of the Mill Street Conglomerate display this 

contour-following texture (Fig. 6D).  Modern siliciclastic tidal environments commonly 

have sedimentary structures influenced by both internally mediated and externally 

controlled processes (Gerdes et al., 2000).     

On a larger scale, laminated fabrics with discrete layers of clay-rich material and 

quartz sand suggest microbial mediation of sedimentation.  When a layer of quartz sand 

is deposited, microbes migrate upwards; during periods of no sedimentation, a cohesive 

mat is formed. When another episode of sedimentation occurs the process is repeated, 

resulting in alternating layers of quartz sand and organic material that may be preserved 

as clay-rich material (cf. Gerdes et al., 2000).  Microbial mats form a more stable 

substrate than unconsolidated sand and can deform cohesively, creating structures similar 

to the crinkly laminated fabric of Facies B (Fig. 6E; cf. Simonson and Carney, 1999).  

Siliciclastic environments do not favor the preservation of microbial material; 

substrate and rates of sediment influx are more likely to affect the structure of preserved 

microbial material than the actual type of microbe mediating sediment deposition 

(Sommers et al., 2002; Draganitis and Noffke, 2004). Microbial mats may have 

developed in localities along the Cambrian shoreline near Taylors Falls where deposition 

of quartz sand was infrequent enough to allow time for microbial communities to 

colonize the sandy substrate. 
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Evidence of microbial activity has been found in other basal Cambrian 

conglomerates.  The Copper Harbor Conglomerate is a more extensively studied basal 

Cambrian conglomerate located in Michigan at the unconformity between Keweenawan 

rift basalts and Paleozoic sandstone.  Elmore (1983) places the Copper Harbor 

Conglomerate near the Cambrian shoreline but finds evidence of stromatolite activity in 

supratidal abandoned alluvial channels.  Modern lacustrine ferromanganese stromatolites 

have been studied in Northern Minnesota, where iron-oxidizing bacteria form 

stromatolite communities on lake shorelines (Sommers et al., 2002).  Microbial 

signatures that have typically been associated with peritidal settings in modern and 

ancient depositional siliciclastic settings include fenestrae, laminated fabrics with layers 

of clastic grains, and wrinkle structures on bedding planes (Gerdes et al., 2000).   

 

Dynamics of the Cambrian Shoreline 

The rocky boulders on the Cambrian shoreline near Taylors Falls may have 

created meso-scale variations in depositional environment and sedimentation regimes 

along the shoreline (Fig. 9).  Yochelson and Webers (2006) suggests that boulders of the 

Mill Street conglomerate locally created protected areas along the beach where unusual 

species of beach-dwelling mollusks found in the Mill Street Conglomerate found shelter 

from heavy surf action.  Yochelson and Webers also suggest that algal films may have 

developed on Mill Street Conglomerate boulders.  The framework of large boulders in 

combination with meter-scale variations in depositional environment along the shoreline 

may have prevented the establishment of large-scale stromatolite communities, but 

microbial mats flourished where local conditions allowed.  Localities that were 
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completely protected may not have had enough sediment influx to allow for development 

of siliciclastic layers.  In other localities, constant wave action may have prevented 

sediment deposition as well as prevented the establishment of microbial communities.   

Previous authors have suggested that boulders in the Mill Street Conglomerate 

and Baraboo quartzite conglomerate were rounded by surf action in high-energy localities 

along the Cambrian shoreline (Dott, 1974).  Wave action and physical transport are not 

the only means of producing large rounded boulders; chemical weathering along pre-

existing joints and fractures in bedrock can result in exposure of smooth, rounded 

boulders when weathered material is removed (Patterson and Boerboom, 1999).   Such in 

situ round rocks, classified as corestones, have not necessarily traveled far from their 

source and can be incorporated into overlying sedimentary sequences (Ryan et al., 2005).   

The boulders of the Mill Street Conglomerate may have been partially rounded by 

storm waves, but a high-energy environment is not required to create rounded boulders 

with dimensions of those in the conglomerate.  Some of the large rounded boulders at 

MSC-2 have preserved weathering rinds that would have been ground away by intense 

waves, suggesting that in situ chemical weathering during subaerial exposure was the 

main process by which boulders in the Mill Street Conglomerate were rounded. These 

chemically weathered corestones, which were probably a feature of the deeply weathered 

Pre-Cambrian landscape, could easily be incorporated into the Mill Street Conglomerate 

with little or no physical transport.   

Careful examination of the matrix of the Mill Street Conglomerate at MSC-1 

confirms a depositional environment on the paleoshoreline of an epeiric sea.  In contrast, 

the hummocky cross-stratified sands at MSC-2 were deposited in a subtidal environment.  
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In order to constrain the extent of Mill Street Conglomerate outcrops deposited in 

peritidal environments, a large-scale study of the matrix of the Mill Street Conglomerate 

at multiple outcrops is necessary.  The large, rounded boulders that occur throughout the 

Mill Street Conglomerate are not necessarily indicators of a shoreline environment.  

Additionally, the absence of Facies B in Mill Street Conglomerate matrix does not 

preclude deposition in a peritidal environment; a variety of depositional environments 

existed along the Cambrian shoreline and outcrops of the MSC that were on the shoreface 

may not necessarily contain evidence of their paleolocation. Careful study of the matrix 

between the boulders of the Mill Street Conglomerate can help constrain 

paleoenvironmental depositional conditions throughout the Mill Street Conglomerate.   

 

Conclusions 

Matrix of the Mill Street Conglomerate records deposition in both peritidal and 

subtidal environments.  This limited study confirms that:  

1) Some, but not all, outcrops of the Mill Street Conglomerate were deposited on 

the rocky shoreline of a Cambrian sea.   

2) Microbial communities existed locally along the Cambrian shore; matrix 

facies of the Mill Street Conglomerate with clay-rich and siliciclastic laminae, 

fenestral fabrics, and crinkly laminated fabrics were deposited in a peritidal 

setting. 

3) The Cambrian shoreline had a high degree of spatial heterogeneity.  

Some elements of the matrix of the Mill Street Conglomerate remain difficult to explain, 

specifically the cryptocrystalline silica cement of Facies C.  Outcrops of the MSC that 
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were deposited in offshore environments give testimony to the varying topography that 

must have existed on the deeply weathered Pre-Cambrian landscape. When sea level 

advanced over the North American continent in the Cambrian period, headlands of basalt 

formed resistant islands in what is now the Taylors Falls area.  Outcrops of the Mill 

Street Conglomerate that were deposited on the Cambrian shoreline give rare insight into 

the complex dynamics of ancient rocky peritidal environments.  
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