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ABSTRACT 

Uranium resources of the St. Cloud Quadrangle, Minnesota 

were evaluated to a depth of 1500 m (5,000 f t ) using all 

availab l e surface and subsurface geological information. No 

uranium occurrences have been reported in the literature and 

none were found in the quadrangle during this evaluation. 

Areas of anomalous radioactivity, i nterpreted from the 

preliminary app r aisal of an aerial radiomet ric survey, and 

geochemical anomalies, i nterpreted from a h y drogeochemical and 

stream- sediment ,reconnaissance, were investigated and found to 

be related to compositional differences in Quaternary drift 

which mantles almost the entire quadrang l e. No specific areas 

-
favorable for uranium deposits were identified in the 

quadrangle even though the basal rocks of the lower Proterozoic 

Mille Lacs Group are a hypothetically favorable environment for 

deposits of the quartz-pebble conglomerate class. The areas 

favorable for uranium concentration in the basal Mille Lacs 

Group are northeast of the St . Cloud Quadrangle where the rocks 

are less severely deformed and better exposed. Eight other 

geologic environments were delineated in the pre-Quaternary 

rocks of the quadrangle. Of these, five were classed as 

uri~avorable and three environments were not evaluated. 

Recommendations for improving the reliability or this 

evaluation include detailed aeromagnetic and electrical-field 

surveys and diamond drilling of the basal Mille Lacs Group, and 

the diamond drilling of 15 to 20 stratigraphic test holes for 

detailed subsurface information regarding the favorability of 

the now unevaluated Cretaceous section for uranium deposition. 
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INTRODUCTION 

PURPOSE AND SCOPE 

The St. Cloud NTMS Quadrangle, Minnesota was evaluated to 

identify and delineate areas and geologic units having 

characteristics favorable for the occurrence of uranium 

deposits. All geologic units accessible to surface and 

subsurface investigations were classified as favorable, 

unfavorable, or not evaluated for uranium deposits, on the 

basis of recognition criteria developed from the study of 

uranium districts worldwide (Mickle and Mathews, 1978) . 

Efforts were made to evaluate subsurface geologic environments 

to a depth of 1500 m (5,000 ft), but results were inconclusive 

below depths of about 100 m (330 ft) owing to the combination 

of flat terrain, ubiquitous Quaternary cover, and lack of deep 

borehole information. 

Evaluation of the St. Cloud Quadrangle was conducted by the 

Minnesota Geological Survey (MGS) under subcontract to Bendix 

Fi~ld Engineeririg Corporation (BFEC), prime contractor for the 

National Uranium Resource Evaluation (NURE) program managed by 

the Grand Junction Office of the U.S. Department- of Energy 

(DOE). The evaluation program began March 1, 1978 and ended 

February 29, 1980. Time spent in literature search, field 
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work, data interpretation, and preparation of the final report 

totaled about 3 . 4 man-years by t he authors and other MGS 

personnel. 

PROCEDURES 

Both the surface and subsurface geology of the St . Cloud 

Quadrangle were investigated in the cour se of the evaluation. 

Surface investigations included ( 1) a general reconnaissance 

and careful geochemical evaluation of al l outcrops of 

pre-Quaternary bedrock ~ (2) de t ailed mapping and geochemical 

sampling of Quaternary glacia l deposi t s in a preselected small 

area to test the utility of glacial drift sampling as a uranium 

guide~ (3) detailed radon gas surveys in specific areas of 

interest~ and (4) follow-up c h ecking of selected geochemical 

anomalies shown by results of the Hydrogeochemical and 

Stream-Sediment Reconnaissance Program (HSSR) as reported by 

the Oak Ridge Gaseous Diffusion Plant (ORGDP 1 1979) ; In 

carrying out these investigations, samples of rock, drift, and 

ground water were collected and submitted for geochemical 

a~alysis to TSL Laboratories, Ltd, Opportunity, Washington. 

Detailed geol~gic descriptions of the areas sampled and general 

observations on the mineralogy, textures, and structures seen 

in outcrop were noted. Petrographic thin sections were cut 

where needed to veri~y or extend the outcrop observations. A 

3 
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portable scintillometer, geoMetrics,Inc. model GR-101A, was 

used to measure gross gamma cou~ts of all sample sites and to 

determine the characteristic background radiation for each 

geologic unit. 

Aerial radiometric data {geoMetrics, Inc. 1979} were not 

provided in time for follow- up field examinations of anomalies 

or for detailed office assessment. 

Subsurface investigations included (1) sampling ground 

water in three preselected small areas for radon and helium 

analyses; {2} follow-up ground-water sampling and analysis for 

uranium in areas of helium and radon anomalies; {3} careful 

interpretation of existing aeromagnetic and gravity maps {Sims 

and Zietz, 1967; U.S. Geological Survey, 1970; Bath and 

others, 1965; Craddock and others, 1970; Ervin, 1980}; (4) 

examination and interpretation of several thousand water-well 

driller's logs; and (5) examination of drill cuttings from 

several water wells finished in pre-Quaternary bedrock. Radon 

in ground water was determined at MGS using a model RD-200 

rqdon emanometer and portable degassing unit manufactured by 

EDA Instruments, Inc. Helium in ground water was determined on 

samples submitted to Hager Laboratories, Inc., Denver, 

Colorado. 

Subsurface maps showing the topography of the 

pre-Quaternary bedrock surface and the thickness of Quaternary 
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glacial deposits were constructed by MGS personnel using 

water-well driller's logs. Revised maps of the bedrock and 

Quaternary geology of the quadrangle were prepared during the 

course of the uranium investigation and are included in this 

folio. 

Seventeen plates accompany this report. Of these, 14 are 

folio-sized maps and three are large-scale maps showing results 

of detailed geochemical sampling. 

GEOLOGIC SETTING 

The St. Cloud 1° x 2° Quadrangle p encompassing an area of 

17,514 km~, is located in west-central Minnesota between lat 

45° and 46° N. and long 94° and 96°W. (Fig. 1). It lies 

entirely within the Central Lowlands physiographic province. 

Geologically the quadrangle is located at the southern edge of 

the Canadian Shield, on the southeast flank of the 

transcontinental arch (Fig. 2). The eroded western edge of the 

Hollandale embayment, an intracratonic Paleozoic basin, crosses 

the southeastern corner of the quadrangle, and virtually the 

entire southern half of the quadrangle contains erosional 

remnants of Cretaceous strata that represent the eastern 

feather edge of the Great Plains depositional sequence. 

A surficial layer of Quaternary glacial and glaciofluvial 

deposits about 15 to 150 m (50 to 500 ft) thick covers the 
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Figure 1. Location map of the St. Cloud Quadrangle. 
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Figure 2. Map of Minnesota and s u rrounding states showing 

major r egional structures and lithotectonic units. 

The St . Cloud Quadrangle is outlined. 
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bedrock throughout much of the quadrangle (PIs. 6 and 7). 

Outcrops of pre-Quaternary bedrock make up less than 1 percent 

of the quadrangle and are confined, with three exceptions, to 

the drainageway of the Mississippi River and several of its 

tributaries in the eastern quarter, and to the valley of the 

Minnesota River in the southwestern corner of the quadrangle. 

The nearly ubiquitous glacial 'cover determines the physiography 

of the quadrangle and also strongly influences the geochemistry 

of surface and subsurface waters. 

The st. Cloud Quadrangle is underlain by deformed rocks of 

both Archean and Proterozoic age , which in turn are overlain 

unconformably by generally flat-lying sedimentary rocks of 

Cambrian and Cretaceous age. Extensive regolithic zones are 

developed in the Archean and Proterozoic rocks beneath both the 

Cambrian and the Cretaceous strata. 

The oldest rocks in the quadrangle comprise a gneissic 

terrane of middle Archean (Ca(13,OOO m. y.) age (Fig. 3 and Pl. 

9). The origin and history of these ancient rocks is complex 

arid only partly understood, mainly because of only scattered 

exposures (Morey, 1978a). The bulk of the gneiss is of 

quartzofeldspathic composition, including tonalitic and 

granodioritic variants, and may represent a complex assemblage 

of greatly deformed, highly metamorphosed, plutonic and 



Figure 3 . Stratigraphic column wi th lithologic descriptions. 

Highly schematic with r espect to thickness. 
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SYSTEM 

Quaternary 

SERIES GROUP OR 
FORMATION 

• 

GENERALIZED 
COLUMNAR SECTION 

Holocene L".~.j; :: .. :.;; ...... . ' .. ~ Early poslglaciallo recenl alluvium and colluvium: also lake clay. peal. and bog deposils. 

• 

Pleistocene Glacial. glaciolluviatile. and glaciolacustrine sediments including till . outwash sand and gravel. and lake deposits. Complex. 
locally variable stratigraphy 01 repeated till and outwash layers. Deposited Irom multiple glacial advances. 

Cretaceous Upper Colorado and Basal white to yellow sandstone and intercalated shale and lignite 01 terrestrial origin overlain by green. reddish·brown and gray 
Dakota Groups shale and siltstone of marine origin. 

~~+-----------~----------~~----------~ 
51. [;~~;~~~o -Fms. Fine·grained. glauconitic. Quartzose sandstone of the Franconia and interbedded siltstone and glauconitic dolomite of the St. 

Lawrence. 
Cambrian St. Croixon 'Galesville-Ironton Fms./:;·. '. ': :.: :':. .::~-.~.'-:. Fine· to medium·grained Quartzose sandstone 01 the Galesville and medium· to coarse·grained sandstone of the Ironton. 

Eou Claire Fm. I: -::-:: ',.' : ~-:. : : ::',';':':: ',:-:-:--.;;;.:.: :.1 . _ . _ . _ ., _ " Fine- to medium-grained. glauconitic. quartzose sandstone. 
Mt. Simon Fm. Fine. to medium·grained. Quartzose sandstone and scattered thin beds of shale. 

~~----------r---------~~-------+~ 
@l @ Porphyritic granite of generally potassic composition 1St. Cloud Granite): includes a porphyritic border phase of sodic 
® granite IRockvilie Granite). 

@ ® Biotite·bearing granite of sodic composition. 
(J) @ Biotite- and hornblende-bearing granite of sodic composition. 

(J) Biotite-bearing granodiorite. 

Intercalated thin to thick beds of fine-grained Quartz-rich graywacke. siltstone. and slate: locally includes Quartzite and 
pillow basalt. 

" Dominantly pillow basalt. lithic tufl. diabase. and iron-formation. 
=: Randall Fm. 
::< 

Conglomeratic Quartzite. Quartzite. siltstone. and shale: greenschis t lacies. 

I @) Hillman Migmotitel ® M.assive to vaguely foliated. biotite·bearing granitic rocks of generally sodic composition. 
® Lithic graywacke. slate. and lei sic to intermediate volcaniclastic rocks: greenschist 10 lower amphibolite lacies. 

@ Sauk Rapids 
Metamorphic 
Complex 

® Richmond Gneiss 

@) M.oderately foliated tonalitic gneiss with lenses. layers. and schlieren 01 biotite·garnet-cordierite schist. 

@ Strongly foliated granitic gneiss with lenses and layers of biotite-garnet-cordierite sctist 13a. Sartell Gneissl: mafic 
enclaves of vaguely loliated hornblende-pyroxene-plagioclase gneiss 13b. Watab Amphibolitel: and massive clinopyroxene
amphibole-plagioclase gneiss 13c. St. Wendel Metagabbrol . 

® Vaguely foliated. hypersthene-hornblende·plagioclase gneiss characterized by large metacrysts of K-feldspar. 

CD Weakly foliated granitic gneiss. layered quartzofeldspathic gneiss. and hornblende-pyroxene gneiss. 

* Favorable for uranium deposition 
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volcanic igneous rocks. Lesser quantities of 

hornblende-pyroxene gneiss, amphibolite, and 

cordierite-garnet-biotite schist occur as lenses, layers and 

blocks within the quartzofeldspathic gneiss . The amphibolites 

and the hornblende- pyroxene gneiss probably rep resent highly 

disrupted discordant intrusions, whereas concordant layers of 

mica-rich schist have been interpreted as metamorphose d 

sedimentary rocks t hat were caught during plutonism. Thus some 

of the mafic enclaves are older and some are younger than the 

enclosing quartzofeldspathic gneiss . Regardless, all the 

gneissic rocks underwent several episodes of deformatio n and 

high-grade metamorphism (Morey, 1978b) to the upper amphibolite 

or granulite grade. 

Rocks of the gneiss terrane are separated fr om late Archean 

(ca 2,700 m.y.) supracrustal rocks of low metamorphic "grade by 

a major east-northeast-trending, presumably high-angle fault, 

that defines the southern edge of the Great Lakes tectonic zone 

(Sims and others, 1980). This fault zone is not exposed 

anywhere in the quadrangle and is located on the basis of 

geophysics, but geologic investigations elsewhere (Morey and 

Sims, 1976; Morey, 1978a) show it to be a fundamental tectonic 

suture that has been reactivated repeatedly from Archean time 

to the present. 

/0 
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Substantive data bearing on the lithic attributes of upper 

Archean rocks north of the boundary fault ~re lacking. 

Scattered subsurface data indicate that the rocks are 
"":...----------_ I -- -dominantly sedimentary in origin -- presumably intercalated M 

graywacke and slate (Morey, 1978a) with lesser amounts of 

felsic and mafic volcanic rocks - ~ and that they have be;;----

metamorphosed to the greenschist grade (Morey, 1978b). 

Upper Archean granitic rocks are inferred to occur both to 

the north and the south of the Great Lakes tectonic zone (Pl. 

9), but they are nowhere exposed i n the St. Cloud Quadrangle. 

Their presence is inferred from geophysical signatures that are 

similar to those associated with known upper Archean granitic 

plutons both to the north and the south of the quadrangle and 

from a few scattered water wells. 

A sequence of lower Proterozoic (ca 2,100 - 1,900 m.y.) 

stratified rocks overlies the Archean basement in the 

northeastern corner of the quadrangle. This sequence, which is 

the southwestward extension of a major group of rocks which 

occurs throughout the Lake Superior region (Fig. 2), was 

deposited in the so-called Animikie basin, an intracratonic 

basin centered over and approximately parallel "to the Great 

Lakes tectonic zone. In general, these stratified rocks are 

divisible into two groups separated by an unconformity. The 

II 
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older of these is the Mille Lacs Group which consists of a 

variety of quartz-rich epiclastic rocks, pillowed basalt, mafic 

to intermediate tuff and agglomerate, oxide- to 

carbonate-facies iron-formation, carbonaceous slate, and 

limestone or dolomite. Just to the north of the St. Cloud 

Quadrangle the Mille Lacs Group is overlain by epic las tic and 

chemically precipitated rocks of the well-known Animikie Group 

of northern Minnesota and Ontario (Morey, 1973; 1978a). 

The Mille Lacs and Animikie Groups were deformed during the 

Penokean orogeny (Goldich and others, 1961) at about 1,900 -

1,870 m.y. into a broad, eastward-plunging synclinorium 

characterized by many large isoclinally overturned anticlines 

and synclines that have numerous coaxial second and third order 

folds on their limbs. Deformation during the Penokean orogeny 

was manifested principally by the vertical uplift of the 

gneissic basement rocks and the development of several mantled 

gneiss zones along the south edge of the synclinorium (Fig. 2). 

The spatial coincidence of various metamorphic isograds with 

the flanks of the various gneiss domes (Morey, 1978b) implies 

that the gneiss terrane was characterized by relatively high 

heat flow during the Penokean orogeny. In the St. Cloud 

Quadrangle, th~ metamorphic grade in the "stratified rocks 

increases from the greenschist grade (chlorite and muscovite) 

in the north to the amphibolite grade (garnet and staurolite) 

in the south. 
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The waning stages of the Penokean orogeny were 

characterized by a major period of plutonic igneous activity at 

around 1,870 m.y. to 1,800 m.y. This period of calc-alkaline 

igneous activity started with the emplacement of dike-like 

bodies of . gabbro and diorite, passed through a phase of 

granodioritic and sodic granitic plutonism[ and ended with the 

emplacement of a potassic granitic batholith characterized by a 

rapakivi-like porphyritic border phase of sodic composition 

(Pl. 9 and Fig. 3). Most of the Penokean plutonic rocks are 

post-tectonic in age as indicated by their crosscutting 

relationships with the several mantled gneiss domes and by 

their relatively homogeneous and undeformed nature. However, 

some of the earlier sodic rocks were emplaced under syntectonic 

conditions as evidenced by incipient cataclastic zones that 

coincide with fold axes of Penokean age in the middle 

Proterozoic stratified rocks. 

After a prolonged period of crustal stability, planation, 

weathering and leaching, which led to the local development of 

a residual soil of variable thickness and distribution, the St. 

Cloud Quadrangle was covered by an epicontinental sea of Late 

Cambrian (st. Croixan) age that encroached from the south and 

east. All of the Upper Cambrian sedimentary rocks (Pl. 9 and 

Fig. 3) are texturally and mineralogically mature, medium- to 

coarse-grained, quartzose to locally glauconitic sandstones 
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with intercalated thin beds of shale. Abundant fossil 

fragm~nts indicate a high-energy depositional environment, most 

likely along a transgressing .strandline. Subsequent emergence 

of the transcontinental arch (Fig. 1) during latest Cambrian or 

Early Ordovician time led to the removal of the Cambrian rocks 

from all but the southeastern corner of the St. Cloud 

Quadrangle. 

There i. no depositional record remaining in the St. Cloud 

Quadrangle of events between lastest Cambrian and Late 

Cretaceous time. However, a deep residual soil underlies the · 

basal Cretaceous beds where they rest on Archean and 

Proterozoic metamorphic and igneous basement, and it is clear 

that part of the long interval between the latest Cambrian and 

Late Cretaceous was a period of intense subaerial weathering. 

Parham (1970) concluded that most of the weathering took place 

in the earlier part of Late Cretaceous time. The residuum 

appears to have developed on a bedrock topography characterized 

by rounded hills having a local relief of as much as 45 m (150 

f t) • In many places, and particularly in topographically low 

areas, the residuum is as much as 30 m (100 ft) thick, but 

"decomposed granite" has been reported (e.g. Parham, 1970) at 

depths in excess of 60 m (200 ft). 

Upper Cretaceous (Cenomanian to Campanian) sedimentary 

rocks include a basal sequence of terrestrial to coastal origin 
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and an overlying sequence of marine origin that was deposited 

in an eastward-transgressing epicontinental sea (Sloan , 1964). 

The Cretaceous rocks are thin and generally poorly indurated; 

they were easily eroded after emergence and now form an 

erosionally dissected blanket adjusted to the pre- Quaternary 

bedrock topography. The thickness of the Cretaceous section in 

the St. Cloud Quadrangle varies widely, owing to its deposition 

on an uneven surface with relief of as much as 75 m (250 ft) 

and to postdepositional erosion. Maximum thickness is on the 

order of 90 m (300 ft) along the western boundary of the 

quadrangle. 

The basal beds of the Cretaceous sequence are quar tz-kao lin 

shale and sandstone derived locally from the subjacent 

weathered residuum. In places they are overlain by a thin 

layer of generally iron-rich, kaolinitic, pisolitic cla y that 

contains some gibbsite and boehmite. The pisolitic layer and 

subjacent kaolinitic beds were dissected by a network of 

west-flowing small streams. The resulting channels were filled 

with a heterogeneous assemblage of organic-rich clay, 

variegated shale, and lignite. As the marine shoreline 

transgressed from west to east, the terrestrial ~ocks were 

overlain by marine sandstone, siltstone, and shale. 

I~ 



ST. CLOUD 

ENVIRONMENTS FAVORABLE FOR URANIUM DEPOSITS 

No environments favorable for uranium deposits were 

identified in the St. Cloud Quadrangle. Although basal rocks 

of the lower Proterozoic Mille Lacs Group some 115 km (71 mil 

to the east-northeast of the St. Cloud Quadrangle are 

characterized by scintillometer re adi n gs 7 to 10 times 

background (Ojakangas, 1976), and by anomalous concentrations 

of uranium and radon, no favorable areas for uranium 

mineralization were identified in this environment in the St . 

Cloud Quadrangle. Nonetheless, because regionally the 

geological characteristics of the basal Mille Lacs Groupt;:t 
A 

many of · the criteria associated with quartz-pebble -

conglomerate-related uranium deposits (class (120) as described 

by Jones, 1978), this tr end is discussed in detail in the 

following section on unfavorable environmentss 

ENVIRONMENTS UNFAVORABLE FOR URANIUM DEPOSITS 

Many rock units and groups of related rocks within the St. 

Cloud Quadrangle are considered to be unfavorable for uranium 

deposits. These are described below in stratigraphic order. 

MIDDLE ARCHEAN GNEISSIC ROCKS 

The middle Archean gneissic rocks of the St. Cloud 

Quadrangle as a group contain only background quantities of 

Ib 
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TABLE 1. COMPARISON OF GEOLOGIC CHARACTERISTICS OF THE 

BASAL MILLE LACS GROUP WITH CHARACTERISTICS OF CLASS (120) DEPOSITS 

Characteristic 

1. Tectonic setting 

2. Host rock age 

Lithology 

3. Depositional 
environment 

4. Associated rocks 

5. Metamorphic grade 

6. Geometry 

7. Mineralization 

Model Class (120) 
deposits (Jones, 1978). 

On Archean shield; source 
rocks of granitic composition. 

Early Proterozoic; 2.2 to 
2.7 b.y. 

Oligomictic, pyritic quartz
pebble conglomerate; clasts of 
quartz, chert or quartzite in a 
matrix of quartz, feldspar, 
pyrite, heavy minerals, and 
sericite or chlorite; typically 
cross-bedded. 

Chiefly braided stream; lacus
trine, marginal marine environ
ment also may be represented; 
anoxygenic atmosphere. 

Quartzite, arkose, siltstone, 
argillite, and subaerial vol
canic rocks of basaltic com
position. 

Greenschist facies. 

Stratiform; thin and lenticular 
beds, often coalesced into thin 
sheets. 

Uraninite and/or brannerite; 
locally uranothorite, coffinite, 
gummite and thucholite. 

Basal Mille Lacs Group. 

On Archean shield; source 
rocks of granitic composition. 

Early Proterozoic; 2.1 to 
1.9 b.y. 

Oligomictic quartz-pebble 
conglomerate; clasts of quartz, 
chert, feldspar, and granitic 
rock fragments in a matrix .of 
quartz feldspar, granitic 
rock fragments, muscovite, and 
chloritoid. 

Fluvial to marginal marine 
environment; atmosphere transi
tional between anoxogenic and 
oxygenic (?). 

Quartzite, feldspathic quartzite, 
siltstone, argillite, iron-formation, 
and subaqueous volcanic rocks 
of basaltic composition. 

Greenschist to amphibolite facies. 

Stratiform; thin and lenticular. 

No uranium mineralization known; 
possibly thorium-rich (Kalliokoski 
and others, 1978). 
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uranium (App. B). Highest uranium values (11 ppm) are found in 

cordierite-garnet-biotite schist enclaves and in granitic 

pegmatites of various styles and ages that tr averse the 

gneisses. Although the occurrence of vein-type deposits (class 

(720) as described by Mathews, 1978a) cannot be discounted, no 

positive indications have been found and the prospects are not 

encouragin~ in rocks of this age. It is likely that uranium 

indigenous to the ancient gneisses has been progressively 

mobilized and removed during repeated episodes of metamorphism 

and anatexis. Results of HSSR sampling (ORGDP, 1979) show no 

anomalies that can be ascribed to uranium concentrations in the 

gne iss terrane. 

LOWER PROTEROZOIC MILLE LACS GROUP 

The lower Proterozoic Mille Lacs Group in the St. Cloud 

Quadrangle appears to contain only background concentrations of 

uranium (App. B). Closely spaced ground- water samples from all 

available water wells in the vicinity of the Mille Lacs Group 

in the St. Cloud Quadrangle show anomalous patterns in the 

concentrations of qj~' helium, and to a lesser extent, radon 

(Pl. 12) that could be construed as being related to the 

subcrop distribution of the Mille Lacs Group. This 

interpretation, however, is hampered by uncertainities as to 

the stratigraphic units from which the ground waters were 

I~ 
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sampled. Therefore the Mille Lacs Group in the St. Cloud 

Quadrangle is classified here as an unfavorable environment . 

Although the St. Cloud Quadrangle lacks favorable areas in 

the Mille Lacs Group, promising settings are known not far to 

the east-northeast beyond the quadrangle boundaries, and 

therefore the environment is discussed here in some detail. 

Stratigraphy and Structure 

The Mille Lacs Group of early Proterozoic age has been 

divided into three lithostratigraphic units, two of which have 

been fo r mally named (Fig. 3). Their distribution in the St. 

Cloud Quadrangle , as shown on Plate 9 , is largely inferred from 

geophysical data supplemented by a few outcrops and by 

exploration drilling for iron deposits in a few localities. 

Much extrapolation is required to give continuity to the many 

nonmagnetic rock units, and therefore the distribution of the 

Mille Lacs Group may be more complex than portrayed. 

The basal, and as . yet unnamed, rocks of the Mille Lacs 

Group, form a . heterogeneous sequence consisting dominantly of 

arenitic quartz-rich rocks ranging in grain size from 

conglomerate to coarse siltstone. Minor quantities of pillowed 

basalt , mafic to intermediate agglomerate, and iron-formation 

are intercalated locally with the quartz-rich sedimentary 
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rocks; most are too small to be shown at a scale of 1:250,000. 

The epiclastic rocks of the basal Mille Lacs Group pass 

stratigraphically upward into a thick sequence of dominantly 

mafic metavolcanic rocks assigned to the Randall Formation. 

The Randall Formation also contains hypabyssal rocks of mafic 

to intermediate composition, and a variety of sedimentary rocks 

including iron-formation, chert, quartzite, quartzose argillite 

and siltstone, and quartz-pebble conglomerate. The volcanic 

strata in turn are gradationally overlain by a thick sequence 

of argillaceous rocks -~now slate, phyllite, or finely 
r . 

crystalline schist --intercalated with thin to very thick bed~J-
M 

of quartz-rich metasiltstone and metagraywacke assigned to the 

Little Falls Formation. The Little Falls Formation also is 

typified by abundant calcareous concretions and a few beds of 

fine-grained mafic volcanic rocks. 

The Mille Lacs Group is estimated to be at least 1 km thick 

(Morey, 1978a) but this value is very tenuous, owing to an 

absence of good stratigraphic markers, a scarcity of outcrops, 

and a complex structural pattern. Stratigraphic and structural 

control are especially poor in the St. Cloud Quadrangle, where 

the regionally northeast-plunging western terminus of the Mille 

Lacs basin has been strongly folded at least twice • 

. :20 
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Lithology 

Conglomeratic units near the base of the Mille Lacs Group 

occur as lens-like sedimentation units as much as 9 m thick. 

In general, they a r e massive to very poorly bedded. 

Conglomeratic clasts include cle a r · gray or blue quartz, 

microcline, "granitic" rock fragments consisting of either 

quartz and microcline or quartz a nd plagioclase, and 

r ecrystallized che r t. The sand-size grains consist dominantly 

of granoblastic quartz , strongl y sericitized microcline, sodic 

plagioclase and lesser amounts of "granitic" rock fragments. 

Silt- and clay-size material in the matrix is extensively 

recrystallized, and consists dominantly of quartz, muscovite 

and lesser amounts of biotite and chloritoid; garnet and 

staurolite also are present as additional phases at higher 

metamorphic gra~es. 

Quartzitic units intercalated with and overlying the 

conglomeratic units vary in color from white or light 

reddish gray to dark reddish gray. The light-colored varieties 

consist almost entirely of sand- and silt-size quartz, 

microcline, and lesser amounts of plagioclase, whereas the 

reddish-gray varieties contain minor amounts of hematite and 

ankerite in addition to the above-mentioned clastic minerals. 

Some of the red-colored rocks may be extensively recrystallized 
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cherty iron-formation. Interbedded argillaceous units are 

light colored and consist of intercalated laminae or very thin 

beds of argillite and argillaceous siltstone. The argillaceous 

siltstone layers in turn are laminated; layers rich in quartz 

alternate with layers rich in muscovite and chlorite, and at 

higher metamorphic grades, muscovite, biotite, and garnet. 

Volcanic rocks in the basal Mille Lacs Group as well as in 

the overlying Randall Formation are dominantly mafic in 

composition and are characterized by pillow structures having 

rinds several centimeters thick. In places they are 

interlayered with agglomeratic units, as much as 20 m thick, 

characterized by light-gray, angular, vaguely porp~yritic 

fragments as much as 10 cm in diameter set in a dark-colored, 

markedly porphyritic groundmass. 

As judged from drilling data, beds of banded iron-formation 

and chert are scattered throughout the Randall Formation as 

thin, lenticular bodies that do not appear to persist any great 

distance along strike. These iron-rich lenses consist of 

finely laminated layers of black or dark grayish-black chert 

intercalated with thin to thick chert-rich beds having either 

finely disseminated hematite or small, euhedral grains of 

magnetite and ankerite. 

, 

Medium dark-gray to light-gray, very well indurated 

metagraywacke constitutes about one-third to one-half of the 
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total exposed thickness of the Little Falls Formation. Much of 

the metagraywacke is coarse-grained siltstone or fine-grained 

sandstone that occurs as beds 3 cm to more than 3 m thick. 

Most beds are single sedimentation units that are massive and 

fairly uniform in texture. Framework grains, regardless of 

grain size, are quartz and minor plagioclase set in a matrix of 

quartz and micaceous minerals. 

Depositional Environment 

A pervasive metamorphic overprint, coupled with loca~ly 

extreme tectonic recrystallization has destroyed most primary 

sedimentary structures other than layering in the Mille Lacs 

Group. Nevertheless, the presence of lenticular beds of 

quartz-pebble conglomerate, intercalated with mineralogically 

mature arenites near the base of the group, implies that 

sedimentation started in a shallow, fairly high energy 

depositional regime, possibly under fluvial to marginal marine 

conditions. Subsequently the depositional basin underwent 

rapid subsidence and the epiclastic rocks were abruptly 

replaced by increasing quantities of extrusive and pyroclastic 

rocks which accumulated under subaqueous conditions. Volcanism 

was accompanied locally by the precipitation of chert and 
--, 

iron-bearing minerals, perhaps by fumarolic activity under 

generally reducing conditions. As volcanism waned, gradual 
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clastic sedimentation began and continued in an environment 

where sedimentation more or less kept pace with subsidence 

(Morey, 1979). 

Although the basal Mille Lacs Group may be a geologically 

favorable environment in the general sense, we emphasize that 

there are no areas within the St. Cloud Quadrangle that are 

considered to be promising. Perhaps the strongest reason f or 

equivocation is the highly deformed state of the rocks, which 

have been tightly folded in two deformational events. The 

world:s major uranium deposits of the quartz-pebble 

conglomerate type are not strongly folded, and it may well be 

that extreme deformation contributed to out-migration of 

uranium from the rocks. Moreover, the structurally complex 

southwest end of the Animikie basin is not well mapped in the 

st. Cloud Quadrangle. Both surface and subsurface data are 

scarce (Pl. 9) and the map pattern is an interpretation that 

is reasonable but not closely constrained. Thus, the most 

promising areas for further investigation are not in the St . 

Cloud Quadrangle but are to the northeast, along the 

less-deformed southeast flank of the Animikie basin (Fig. 2). 

LOWER PROTEROZOIC INTRUSIVE ROCKS 

Lower Proterozoic- intrusive rocks ranging in composition 

from gabbro to potassic granite, as well as associated dikes of 
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pegmatite, aplite , and basalt, were extensively sampled and 

found to contain uranium contents of less than 16 ppm (App. B). 

In general there is a progressive increase in uranium content 

with increasing silica content in this suite of rocks. As a 

whole, the gabbroic to granodioritic rocks contain only 1- 3 ppm 

uranium. Furthermore their generally mafic composition 

precludes any likelihood for orthomagmatic or other types of 

primary mineral deposits, and no structural environments 

particularly favorable as sites for secondary mineralization 

were identified in these rocks. 

The sodic and potassic granites exhibit variable amounts of 

uranium. Of the sodic granites, the Pierz contains 1 ppm to 3 

ppm uranium, whereas the Reformatory contains @ to 14 ppm and 

averages 5 ppm. The somewhat higher values in the Reformatory 

Granite are most likely due to the presence of sphene as a 

widespread accessory mineral (Morey, 1978a) . The Stearns 

Igneous Complex, particularly the potassic St. Cloud Granite, 

contains pn the average 6 ppm uranium with a maximum value of 

12 ppm. Again the somewhat higher values are due to the 

presence of s~hene and zircon as · widespread accessory minerals 

(Morey, 1978a). Thus the ,ower Proterozoic intrusive rocks .J. e. 
contain uranium concentrations not significantly above those 

for an average granite, regardless of age or geographic 

location. 
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Although the occurrence of orthomagmatic (class (210) or 

pegmatiti c (class (320) deposits (as described by Mathews, 

1978b) in the more felsic intrusions cannot be entirely 

discounted, no positive indications were found. Moreover 

results of HSSR sampling (ORGDP, 1979) show no anomalies that 

can be ascribed to uranium concentrations in the lower 

Proterozoic intrusive rocks. 

PRE-UPPER CAMBRIAN RESIDUUM . 

The variablj thick mantle of weathered Proterozoic rocks 

that underlies the Upper Cambrian sedimentary rocks has no 

potential as an environment for uranium deposits. Kaolinite 

and well - ordered illite occur in the upper part of the 

residuum, but these minerals decrease in abundance downward and 

a r e replaced by mixed-layer illit~ontmorillonite, with trace 

amounts of quartz, feldspar , and biotite near the 

residuum-bedrock interface (Morey, 1972). Clearly any uranium 

that was originally present would have been removed by 

weathering and leaching processes at a time when the southern 

p,art of the Canadian Shield stood as a positive area. 

UPPER CAMBRIAN SEDIMENTARY ROCKS 

Although the Cambrian section is highly permeable and is 

a f fected by complex three-dimensional ground-water circulatory 
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processes, it consists almost entirely of cleanly washed, 

mineralogically mature, quartzose sandstones that lack reducing 

horizons. The textural and mineralogic maturity of these 

sandstones indicates that they were derived from older 

sedimentary rocks or from the mechanical reworking of the 

underlying pre-St. Croixan residuum. In either case they form 

an environment not favorable as a source for uranium or as a 

site for secondary mineralization. 

PRE-LATE CRETACEOUS RESIDUUM 

The thick mantle of weathered Archean and Proterozoic rocks 

that underlies Cretaceous sedimentary beds throughout much of 

the St. Cloud Quadrangle has no potential as an environment for 

uranium deposits. The residuum consists almost entirely of 

kaolinite with lesser amounts of halloysite scattered 

throughout, and muscovite, illite, · and montmorillonite in 

proximity to the residuum-bedrock interface (Parham, 1970). 

Any uranium originally present would have been removed from 

these rocks by weathering processes. The presence of this · 

weathered zone is significant, however, because uranium leached 

away may been concentrated in suitable sedimentary environments 

marginal to and within the Cretaceous depositional basin, and 

such deposits may be - present in overlying Cretaceous strata. 

~7 
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~UATERNARY GLACIAL AND GLACIOFLUVIAL DEPOSITS 
I 

The ubiquitous cover of Quaternary surficial materials 

includes multiple layers of glacial till inter stratified with 

various kinds of outwash and glacial lake deposits (Pl . 6) . 

Although the Quaternary materials appear to differ regionally 

in uranium content and other geochemical parameters, these 

differences reflect complex mix ing of source - rock components in 

the tills rather than a coherent mineralizing process. The 

general northeast to southwest increase of uranium, specific 

conductance, and sulfate in ground water taken from glacial 

drift, as reported by the HSSR survey (ORGDP r 1979), clearly 

correlates with a northeast to southwest increase in the 

proportion of Cretaceous shale in the drift. 

A detailed study of a test area in the northeastern .part of 

the ~t. Cloud Quadrangle (Pl. 4), which contains several kinds 

of glacial deposits (Pl. 6), failed to show significant 

differences among sediment types or strat~graphic units in terms 

of uranium content (App. B). 

UNEVALUATED ENVIRONMENTS 

Three rock units or groups of related rocks within the St. 

Cloud Quadrangle have not been evaluated for potential uranium 

deposits. These are described below in stratigraphic order. 
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UPPER ARCHEAN METASEDIMENTARY AND METAVOLCANIC ROCKS, UNDIVIDED 

Strata assigned to this category are thought to consist 

dominantly of graywacke and slate with lesser amounts of felsic 

and mafic volcanic rocks, all metamorphosed to the greenschist 

gradee Although these rocks are inferred to underlie a large 

part of the quadrangle (Pl. 9), they are everywhere covered by 

30 to 90 m (100 to 300 ft) of Quaternary materials. 

Consequently the lithic attributes of these rocks and their 

areal extent have been inferred almost entirely from geophysical 

criteria and from a few water-well driller's logs from bore 

holes in the eastern part of the quadrangle where the 

Quaternary deposits are less than 30 m (100 ft) thick. 

The existing subsurface data base is totally inadequate to 

evaluate the uranium favorability of these rocks. Moreover, 

neither surface geochemical methods nor aeroradioactivity 

surveys yield information pertinent to the bedrock, for both 

techniques are sensitive only to signals generated by the 

covering Quaternary blanket. Therefore the upper Archean 

metasedimentary and metavolcanic rocks of the St. Cloud 

Quadrangle are classed as an unevaluated environment for 

uranium deposits. 



ST. CLOUD 

UPPER ARCHEAN GRANITIC ROCKS, UNDIVIDED , 

The upper Archean granitic rocks are not exposed in the St. 

Cloud Quadrangle and their presence is inferred mainly from 

geophysical data and a few water wells that have penetrated 

what has been described as "pink granite" in the south-central 

part of the quadrangle. 

Both areas of upper Archean granitic rocks shown on Plate 9 

are overlain by more than 60 m (200 ft) of Quaternary 

materials. Because of a totally inadequate geologic data base 

and because neither surface geochemical methods nor 

aeroradioactivity surveys penetrate the thick drift cover, the 

upper Archean granitic rocks are classed as an unevaluated 

environment for uranium deposits. 

LATE CRETACEOUS SEDIMENTARY ROCKS, 

The Cretaceous sedimentary rocks of the St. Cloud 

Quadrangle were considered from the beginning of this project 

to be a potentially favorable environment for uranium deposits. 

However, for reasons listed below, the favorability of these 

rocks has neither been demonstrated nor disproved and their 

potential remains unevaluated. 

The Cretaceous section consists predominantly of poorly 

consolidated shale with lesser amounts of siltstone, sandstone, 

3 0 
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and ~arbonaceous rocks deposited on an erosion surface with 

relief of as much a~ 100 m (330 ft) (Sloan, 1964). 

Pre-Quaternary, post-Cretaceous erosion subsequently stripped 

away much of the Cretaceous section in the northern part of the 

quadrangle, leaving behind randomly distributed outliers of 

various sizes. Similarly, erosion i n t he southern part of the 

quadrangle locally removed strata over pre- Cretaceous 

topographic highs, where in other places . stream erosion 

exhumed the pre-Cretaceous bedrock along the axes of several 

river channels. Thus the present distribution of Cretaceous 

strata was controlled ' both by the configuration of the 

pre-Cretaceous topography and by post-Cretaceous but 

pre-Quaternary erosion. 

During Quaternary time, the Cretaceous remnants were 

overridden by ice and buried by glacial deposits so that the 

present land surface, which is controlled entirely by glacial 

and postglacial deposition and erosion , bears no relationship 

to the pre-Quaternary land surface or to the areal distribution 

of the Cretaceous rocks. The extensive glaciation, combined 

with the inherent geomorphic weakness of the Cretaceous rocks, 

has resulted in complete burial of the Cretaceous - sequence. 

Neither surface geochemical methods nor aero radioactivity 

surveys yield information pertinent to the Cretaceous rocks. 

3/ 
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Both techniques reflect compositional differences in the 

overlying Quaternary materials. The existing subsurface data 

also are inadequate for properly evaluating the favorability of 

the Cretaceous strata. Only a few sets of water-well cuttings 

are available as direct evidence on Cretaceous rock types, and 

these are of po~r quality. Descrip t ive logs prepared by 

water-well drillers comprise the principal data base for 

mapping Cretaceous bedrock in the subsurface. These logs, 

although better than nothing, fall far short of professional 

quality and many of their interpretations are equivocal ~ ! From 

the water-well driller's point of view, there is little 

difference between gray till and gray Cretaceous shale. 

ambiguity handicaps the interpretation of ground-water 

geochemistry as much as it handicaps geologic mapping. 

This 

It is 

uncertain in many cases whether a given ground-water sample is 

from a Cretaceous or a Quaternary aquifer. 

Therefore, because of the totally inadequate data base 

available, the Cretaceous rocks of the St. Cloud Quadrangle are 

c~assed as an " unevaluated environment for uranium deposits. 

INTERPRETATION OF RADIOMETRIC AND GEOCHEMICAL DATA 

An aerial radioactivity survey of the St. Cloud Quadrangle 

was not available in time for checking anomalies in the field 
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or for detailed analysis of the data in the office. However, 

on the basis of a preliminary evaluation of the data, it 

appears that there are no statistical radioactivity anomalies 

in the quadrangle that can be related to real concentrations of 

uranium in the pre-Quaternary bedrock. The same conclusion was 

reached by the aerial radioactivity contractor (geoMetrics, Inc. 

1979, p. 3). Virtually all anomalies are small and reflect 

either local variations in the composition of the Quaternary 

materials or culturally induced features such as roads and 

plowed fields. Therefore detailed follow-up procedures do not 

seem warranted. 

Results of the hydrogeochemical and stream- sediment 

reconnaissance (HHSR) have been interpreted by ORGDP (1979) and 

by Indelicato (1979). Although the HSSR data show interesting 

and potentially significant anomalies in some places (Pl. 3), 

relationships between anomalies and bedrock geology are 

difficult to establish and assess. More than 83 percent of the 

ground-water samples analyzed were collected from wells 

finished in Quaternary deposits, and all of the stream- sediment 

samples were from streams flowing over · the Quaternary deposits. 

In the absence of substantive hydrologic data on the degree of 

interconnection between the ground water in the bedrock and in 

the Quaternary aquifers, and on the details of geochemical 

association between bedrock and overlying drift, the HSSR 

33 
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results are ambiguous for indicating real concentrations of 

uranium beneath the Quaternary cover. 

Surveys of radon in ground water were undertaken in three 

largely drift-covered areas (Pl. 10) that were judged on 

geophysical grounds to straddle major faults or contacts in the 

Precambrian basement. Water samples were collected from every 

available well in each a rea and the pH, alkalinity, and the 

dissolved oxygen content of the water were measured at each 

sample site. In the Little Falls area, which lies astride what 

is judged to be a favorable environment, two additional samples 

were collected. One sample collected in a sealed Vacutainer 

tube was analyzed for dissolved helium , and the other sample 

was analyzed for uranium. The r esults of these studies are 

summarized in Plates 11, 12, and 13. 

In the Benson area (Pl. 11), which lies within a 

geochemically anomalous area as defined by the HSSR data (Pl. 

3), the distribution pattern of radon dominantly reflects 

differences in the composition of the Quaternary materials. 

However, several of the anomalies show a northeast-trending 

orientation approximately parallel to aeromagnetic trends in 

the area (U.S. Geological Survey, 1970). These similar trends 

imply that the radon flux from the Quaternary materials may be 

augmented by structures in the basement. 
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In the Little Falls area (Pl. 12), the distribution 

patterns of uranium and helium, and to a much lesser extent 

radon, seem to be related to the subcrop distribution of the 

basal Mille Lacs Group, as discussed above under Favorable 

Environments. However , the anomalously high areas of uranium, 

helium, and radon do not correlate well with one another, 

probably because of the thick Quaternary cover. 

The radon map of the Alexandria area (Pl. 13) shows trends 

that approximately parallel the east-trending tectonic grain of 

the Archean basement rocks, as inferred from aeromagnetic data 

(Bath and others, 1965; u.S . Geological Survey, 1970). The 

marked difference in the anomalies on either side of the fault 

implies that the radon flux of this area is augmented by 

considerably different rock types on either side of the fault 

in the Archean basement. 

RECOMMENDATIONS TO IMPROVE EVALUATION 

The thick cover of Quaternary materials in the St. Cloud 

Quadrangle presents a serious impediment to the proper 

evaluation of the bedrock environments. There is no fully 

satisfactory method or combination of methods to overcome this 

problem, but the most promising approach is to combine 

potential-field geophysical techniques with carefully sited 
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diamond drilling. Improved stratigraphic control is the most 

pressing need. 

Evaluation of the basal rocks of the Mille Lacs Group would 

be greatly enhanced by detailed aeromagne tic and 

electrical-field studies that would more precisely define the 

spatial distribution of the Mille Lacs Gr oup, and particularly 

the contact between it a nd underlying Arche an rocks . 

Fundamental gaps in knowledge pertaining to the favorability of 

this environment could then be filled by the diamond drilling 

of a number of stratigraphic holes carefully located to 

intersect the basal parts of the Mille Lacs Groupo 
} 

Specific 

information that could be obtained by such a drilling program 

includes: (1) knowledge of the detailed stratigraphy and 

lithology of the Mille Lacs Group as well as information 

regarding the nature of the basement rocks beneath the 

unconformity; (2) geochemical variations in both rock and water 

as a function of depth and stratigraphic position; and (3) 

measurements of petrophysical properties of the rocks that 

might refine regional magnetic and electrical-field 

interpretations. 

-
Evaluation of the Cretaceous rocks is impossible without an 

extensive program of shallow test drilling. Stratigraphic 

tests to (1) establish criteria for placing the 
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Quaternary-Cretaceous unconformity; (2) determine various 

lithotopes and their stratigraphic arrangement with the 

Cretaceous section; and (3) determine the geochemistry of rocks 

and waters as a function of depth, stratigraphic position, and 

geographic location would quickly confirm or deny the 

favorability of the Cretaceous section for uranium deposition. 

Fifteen to twenty holes of about 150 to 250 m in depth, 

'distributed systematically over the southern half of the 

quadrangle, would be the minimum needed for adequate 

stratigraphic control in the Cretaceous rocks. 
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FIGURE CAPTIONS, ST, CLOUD QUADRANGLE 

Location map of the St. Cloud Quadrangle. 

Map of Minnesota and surrounding states showing 

major regional structures and lithotectonic units. 

The , St. Cloud Quadrangle is outlined. 

Stratigraphic column with lithologic descriptions. 

Highly schematic with , respect to thickness. 
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