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UNIVERSITY OF MINNESOTA Minnesota Geological Survey 
TWIN CITIES 1633 Eustis Street 

F.B. Loomis 
Geology Division 
Bedix Field Engineering Corporation 
P.O. Box 1569 
Grand Junction, CO 81502 

Dear Fritz: 

St. Paul, Minnesota 55108 

(612) 373-3372 

May 28, 1980 

During discussions with BFEC geologists while assessing the New Ulm 
quadrangle on May 16 it was mutually agreed that the Sacred Heart Granite, 
formerly classed as a favorable environment, would be more logically 
classed as an unfavorable environment having some uranium potential. 

I have made the required alterations to the text, a clean copy of 
which is enclosed. Plate 1 will have to be changed by deleting Area C in 
its entirety, and I assume that this erasure will be done by BFEC drafting • 
staff in Grana Junction. 

I enjoyed our chat in Grand Junction and I appreciate your putting me 
in touch with the Advanced Technology people. I had useful discussions 
with David Emilia, John Pacer, and Dash Sayala, and it appears that we 
have substantial basis for future cooperation on geochemical investiga
tions of the Sioux Quartzite. 

DLS:lm 

encl. 

Very truly yours, 

David L. Southwick 
Assoc. ~nief Geologist 
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ABSTRACT 

Uranium resources of the New Ulm Quadrangle, Minnesota were 

evaluated using available surface and subsurface geological 

information and newly acquired geochemical data. Surface 

exposures of bedrock were sampled systematically and analyzed 

for uranium and 30 other elements. Geochemical anomalies 

revealed by hydrogeochemical and stream-sediment reconnaissance 

were followed up by additional sampling, and detailed surveys 

of radon and helium abundance in ground water were undertaken 

in three areas preselected to be of interest on the basis of 

regional magnetic and gravity data. One uranium occurrence, 

previously unreported, was located during outcrop 

reconnaiss~nce and sampling, and two areas of uranium 

favorability were delineated chiefly on geological evidence. 

The favorable areas are underlain by the Sioux Quartzite of 

ProterozoLc age, the basal unconformity of which is considered 

to be a favorable environment for vein-breccia uranium 

occurrences. Geologic units considered to be unfavorable are 

the Archean gneisses, the late Archean granites, the minor 

Proterozoic intrusions, the Paleozoic sedimentary rocks, the 

pre-Cretaceous regolith, and the Quaternary glacial drift. 

Though classed as unfavorable, the late Archean granites show 

some evidence of orthomagmatic and pegmatitic uranium 

enrichment and may contain marginal to subeconomic uranium 

I 
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deposits. Available data are inadequate for evaluating the 

favorability of the Cretaceous sedimentary section. 

Recommendations for improving the reliability of this 

evaluation include airborne electromagnetic surveys in the 

vicinity of the Sioux unconformity, four or more stratigraphic 

test holes in the Sioux Quartzite, and 15-20 shallow 

stratigraphic test holes in the Cretaceous rocks. 
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INTRODUCTION 

PURPOSE AND SCOPE 

The NTMS New Ulm Quadrangle, Minnesota was evaluated to 

identify and delineate areas and geologic units having 

characteristics favorable for the occurrence of uranium 

deposits. All geologic environments accessible to surface 

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 

200 m (655 ft) owing to the combination of flat terrain, 

ubiquitous Quaternary cover, and lack of deep borehole 

information. 

Evaluation of the New Ulm Quadrangle was conducted by the 

Minnesota Geological Survey (MGS) under subcontract to Bendix 

Field Engineering 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 literat~re search, field 

work, data interpretation, and preparation of the final report 
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totalled about 3.7 man-years by the authors and other MGS 

personnel. 

PROCEDURES 

Both the surface and subsurface geology o~ the New Ulm 

Quadrangle were investigated in the course of the evaluation. 

Surface investigations included (1) a general reconnaissance 

and careful geochemical evaluation of all outcrops of 

pre-Quaternary bedrock; (2) detailed mapping and geochemical 

sampling of Quaternary glacial deposits in a preselected small 

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

guide; (3) detailed radon soil-gas surveys in specific areas of 

interest; and (4) follow-up checking 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, 1979). In 

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

ground water were collected and submitted for geochemical 

analysis to TSL Laboratories, Ltd, Opportunity, Washington. 

Detailed geologic descriptions of the areas sampled and general 

observations on the mineralogy, textures, and structures seen 

in outcrop were noted. Petrographic thin sections were cut 

when needed to verify or extend the outcrop observations. A 

portable scintillometer, geoMetrics model GR-101A, was used to 

measure gross gamma counts of all sample sites and to determine 

the characteristic background radiation for each geologic unit. 
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Aerial radiometric data (geoMetrics, Inc., 1979) were not 

provided in time for follow-up field examination of anomalies 

or for detailed office assessment. 

Subsurface investigations included (1) sampling ground 

water in three preselected small areas for radon and helium 

analysis; (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 

(Philbin and Gilbert, 1966; u.S. Geological Survey, 1970; 

Ikola, 1969; Ervin and others, in press)i (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 radon 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. The EDA emanometer 

also was used for measurements of radon in soil gas carried out 

under the program of surface studies. 

Subsurface maps showing the topography of the 

pre-Quaternary bedrock surface and the thickness of Quaternary 

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 
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course of the uranium investigation and are included in this 

folio. 

Twenty-one plates accompany this report. Of these, 14 are 

folio-sized maps, 1 is a geologic cross section, and 6 are 

large-scale maps showing results of detailed geochemical 

sampling. 

GEOLOGIC SETTING 

The New Ulm 1° x 2° Quadrangle, encompassing an area of 

17,700 km2, is located in south-central Minnesota between lat 

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 eastern quarter of the quadrangle, and virtually the entire 

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 on the order of 10 to 100 m thick covers bedrock 

throughout the quadrangle (Pls. 6 and 7). Outcrops of 
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Figure 1. Location of the New Ulm Quadrangle. 
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Figure 2. 

NEW ULM 

Map of Minnesota and surrounding states showing 

major regional structures and' lithotectonic units. 

The New Ulm Quadrangle is outlined. 
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pre-Quaternary bedrock are confined to the inner valleys of the 

Minnesota River and the lower reaches of its larger tributaries 

except for widely scattered bedrock knobs in Cottonwood, Brown, 

Redwood, and Yellow Medicine Counties. The nearly ubiquitous 

glacial cover determines the geomorphology of the quadrangle 

and also strongly influences the geochemistry of surface and 

subsurface waters. 

The oldest consolidated rocks in the quadrangle comprise a 

gneissic terrane of middle Archean age (Fig_ 3 and Pl. 9). The 

origin and history of these ancient rocks, components of which 

are older than 3,600 million years, is complex and only partly 

understood (Lund, 1956; Goldich and others, 1961; Himmelberg, 

1968; Goldich and others, 1970; Grant, 1972; Goldich and Hedge, 

1974; Goldich and Wooden, 1978). The bulk of the gneiss is of 

quartzofeldspathic composition, including tonalitic, granitic, 

and more intermediate variants, and may represent a complex 

assemblage of greatly deformed, highly metamorphosed plutonic 

and volcanic igneous rocks. Lesser quantities of 

hornblende-pyroxene gneiss and amphibolite occur as lenses, 

layers, and blocks within the quartzofeldspathic gneiss. 

Geologic relations indicate that some of these mafic enclaves 

are older than the enclosing quartzofeldspathic gneiss and some 

others are younger. The latter perhaps represent highly 

disrupted discordant intrusions. Some of the larger 
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Stratigraphic column with lithologic descriptions. 

Highly schematic with respect -to thickness. 
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conformable layers of amphibolite have been interpreted as 

sequences of mafic flows that were interbedded with more 

voluminous felsic to intermediate volcanic rocks prior to 

metamorphism and deformation. Concordant layers of aluminou s , 

mica-rich gneiss are intercalated with quartzofeldspathic and 

amphibolitic layers in a few places and have been interpreted 

as metamorphosed sedimentary rocks (Himmelberg, 1968; Grant, 

1972). 

The gneissic terrane underwent extensive deformation and 

high-grade metamorphism at . least twice before voluminous 

granitic intrusions were emplaced about 2 - 600 m.y. ago. These 

late Archean plutons, which include the Sacred Heart and Fort 

Ridgely Granites, are late kinematic to postkinematic 

intrusions that mark the conclusion of a major tectonothermal 

event. Both the Sacred Heart and Fort Ridgely are weakly 

foliated to massive, contain abundant wall-rock inclusions near 

their margins, and have numerous cogenetic dikes of pegmatite 

and aplite that occur both within and beyond the major granit e 

contacts. 

A minor thermal event accompanied by emplacement of small 

igneous bodies occurred in the early Proterozoic, about 1,800 

m.y. ago. Several small plugs of gabbro, diorite, 

granodiorite, and granite were emplaced at that time, as were 

dikes of basalt and diabase. This igne~us activity is the most 

II 
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recent known in the New Ulm Quadrangle, and coincides 

approximately in time with extensive Penokean magmatism that 

affected east-central Minnesota (Morey, 1978}. 

The Sioux Quartzite of early to middle Proterozoic age 

unconformably overlies the Archean gneiss and its various 

intrusions. The Sioux is a thoroughly indurated vitreous 

quartzite characterized by well-developed cross-bedding, ripple 

marks, and other shallow-water attributes. It has been folded 

gently into broad domes and basins, the limbs of which generally 

dip less than 10 degrees. The thickness of the Sioux has been 

estimated on structural grounds to be about 1600-2400 m 

(Austin, 1972). Ninety percent or more of the Sioux originally 

was fine- to medium-grained orthoquartzitic sandstone. The 

remainder is mature polymict conglomerate and red mudstone. 

During Late Cambrian (St. Croixan) time, sandstones were 

deposited in an epicontinental sea that encroached over 

Minnesota from the south. Numerous cross-bedded zones and 

fossil fragments indicate a high-energy depositional 

environment for the sandstones, and they are thought to have 

been deposited along a transgressing strandline. Emergence of 

the transcontinental arch during latest Cambrian and early 

Ordovician time led to removal of the St. Croixan sandstones 

from all but the eastern quarter of the New Ulm Quadrangle. 
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Ordovician carbonate rocks of the Prairie du Chien Group 

conformably overlie the Upper Cambrian sandstones . The Prairie 

du Chien is dominantly dolomite and represents a comple x 

biohermal bank assemblage that developed in a shallow 

epicontinental sea. From time to time the carbonate banks were 

affected by interludes of clastic sedimentation, resulting in 

thin, generally restricted sandstone and shale beds within the 

carbonate pile. 

There is no depositional record remaining in the New Ulm 

Quadrangle of events between Early Ordovician and Late 

Cretaceous time. However, a deep residual soil underlies the 

basal Cretaceous beds where they rest on Precambrian 

metamorphic and igneous basement, and it is clear the part of 

the long interval between Early Ordovician and Late Cretaceous 

was a period of subaerial weathering. Parham (1970) concluded 

that most of the weathering took place in the earlier part of 

Late Cretaceous time. 

Upper Cretaceous (Cenomanian to Campanian) sedimentary 

rocks include a basal sequence of terrestrial to coastal origin 

and an overlying marine sequence that was deposited in an 

eastward-transgressing epicontinental sea (Sloan, 1964). The 

Cretaceous rocks are thin and generally weak; consequently they 

were easily eroded after emergence and npw form an erosionally 

dissected blanket adjusted to ~he pre-Quaternary bedrock 

\3 
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topography. The thickness of the Cretaceous section in the New 

Ulm Quadrangle varies widely, owing to .its deposition on an 

uneven surface and to post-depositional erosion. Maximum 

thickness is about 150-200 m, along the western boundary of the 

quadrangle. 

The basal beds of the Cretaceous sequence are quartz-kaolin 

shales and sandstones derived locally from the subjacent 

weathered residuum. In places they are overlain by a thin 

layer of generally iron-rich, kaolinitic, pisolitic clay. The 

pisolitic layer and subjacent kaolinitic sediments were 

dissected by a network of west-flowing small streams, and 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 

rocks were overlain by marine sandstone, siltstone, and shale. 

ENVIRONMENTS FAVORABLE FOR URANIUM DEPOSITS 

Two areas in the New Ulm Quadrangle are considered 

favorable for uranium deposition. The areas are underlain by 

the Sioux Quartzite, the basal unconformity of which is 

considered to be a favorable environment for vein-breccia 

occurrences of uranium (Pl. 1). No occurrences of uranium 

mineralization are known in the vicinity of the Sioux 

unconformity, but the environment is considered favorable 
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nevertheless on the basis of geological and geochemical 

factors. One small uranium anomaly, previously unreported, 

occurs in the Sacred Heart Granite (Pl. 2; App. A). 

considered to be of economic significance. 

BASAL UNCONFORMITY OF SIOUX QUARTZITE 

Stratigraphy and Structure 

It is not 

The Sioux Quartzite of Proterozoic age is a thick sequence 

of dominantly orthoquartzitic sandstone that has not been 

formally subdivided. The lower third of the formation contains 

beds of texturally and compositionally mature polymict 

conglomerate (Miller, 1961; Weber, 1977), and the upper third 

contains thin beds of red siltstone and mudstone. Weber (1977) 

estimates that the Sioux Quartzite as a whole consists of 90 

percent orthoquartzite, 8 percent conglomerate, and 2 percent 

mudstone. This estimate is based on outcrop measurements, 

however, and may not accurately reflect the composition of 

deeper parts of the formation. A deep well at Hull, Iowa, 

about 60 km south of the New Ulm Quadrangle, cuts alternating 

layers of quartzite and rhyolite in the Sioux at a depth of 231 

m (Beyer, 1893; Norton, 1897), and probable tuff beds have been 

encountered in three other wells elsewhere in northwestern Iowa 

(Yoho, 1967). Moreover, interbeds of arkose a few meters thick 

have been noted at a depth of about 133 m in a section also 

J~ 



NEW ULM 

containing tuffaceous horizons, in the Tiezen No. 1 Gisolf well 

in Lyon County, Iowa (Yoho, 1967, p. 13). It therefore appears 

that rhyolite, felsic tuff, and feldspathic detrital rocks that 

may be in part volcanogenic all increase southward (basinward) 

in the Sioux Quartzite. 

Estimates of the thickness of the Sioux range from 1600 to 

2400 m (Baldwin, 1951; Austin, 1972). However, because neither 

the base nor the top of the Sioux is exposed and structural 

control is poor, this thickness estimate is inexact although 

probably of the correct order of magnitude. The coarse basal 

conglomerate exposed near New Ulm is about 18 m thick (Miller, 

1961 ) • Because the upper surface of the Sioux is an 

unconformity and the prevailing regional dip in the New Ulm 

Quadrangle is to the south, toward the axis of the so-called 

Cottonwood County basin, the depth from the surface to the 

basal unconformity increases from north to south (PIs. 9 and 

1 0 ) • 

The Cottonwood County basin in the south-central part of 

the New Ulm Quadrangle is one of several west- to 

northwest-trending basins and arches that occur in the regional 

outcrop area of the Sioux Quartzite. Structural definition is 

imprecise, owing to the absence of good stratigraphic markers 

and the scarcity of outcrop, but it appears that the major 

basins are on the order of 35 km long, 15-20 km wide, and have 

/0 
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closures on the order of 2000 m (Baldwin, 1951; Austin, 1972). 

Limb dips typically are in the range of 4°-8°. The north limb 

of the Cottonwood County basin is complicated by second-order 

flexures and faults (Baldwin, 1951). The fault shown on the 

geologic maf (Pl. 9) is marked by breccia zones, minor local 

folds, and local slickensides. Displacement, as inferred from 

slickensides, has been subhorizontal and appears to have been 

~------------~ 

slight -- possibly no more than a few meters. However, the 

fault zone is aligned with a prominent linear magnetic anomaly 

that can be traced about 20 km northeast beyond the eroded edge 

of the Sioux, and it is likely that faulting of the Sioux 

records mild reactivation of an older fault in the subjacent 

Archean rocks. 

Lithology 

Highly mature orthoquartzitic sandstone is the dominant 

rock in the Sioux Quartzite. More than 90 percent of the 

clastic grains in the orthoquartzite are unit-grains of quartz; 

the remainder are chiefly polycrystalline quartz and chert. 

Each rounded s~nd grain is coated with hematite and the 

aggregate is totally cemented by secondary quartz overgrowths. 

Sorting is good to excellent. Most of the orthoquartzite was 

medium to coarse sand originally, with lesser amounts of fine 

sand and coarse silt; overall, the grain size of the sand 

decreases upward in the section. 

17 
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The basal conglomerate exposed near New Ulm contains a 

poorly sorted assemblage of chemically and mechanically 

resistant clasts in a matrix of medium to coarse quartz sand. 

The largest clasts are about 35 cm in diameter and are composed 

of granular ferruginous chert, gray chert, and earlier cycle 

quartzite. The quantity of vein quartz clasts increases with 

diminishing grain size in the conglomerate. Pebbles of 

rhyolite and other fine-grained felsic volcanic rocks are minor 

constituents of the basal conglomerate, and clasts of granite 

and gneiss are totally lacking (Miller, 1961). 

Thin beds and shallow channel fills of conglomerate and 

pebbly quartzite occur in the dominantly orthoquartzitic 

section above the basal conglomerate. These rocks contain 

fundamentally the same kinds of pebbles as the basal 

conglomerate, but are finer grained and much better sorted. 

They grade into coarse quartzite both vertically and 

horizontally. 

The mudstones in the Sioux occur in beds that have sharp 

basal contacts and erosional tops. The base of the overlying 

quartzite bed typically is marked by a thin mud-chip 

conglomerate. Mudstone beds range in thickness from a few 

centimeters to 4 m, and range in composition from virtually 

pure claystone to silty mudstone. 
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The interbeds of rhyolite and related ,felsic volcanic r ocks 

known in the Iowa portion of the Sioux Quartzite (Yoho, 1967) 

have not been documented in Minnesota. 

Sedimentary Structures 

Primary structures indicative of shallow-water deposition 

abound in the Sioux Quartzite. Trough cross-bedding, 

symmetrical ripple marks, current ripple marks, and mud cracks 

are the commonest structures observed; sand waves, planar 

cross-bedding, load casts, mud clasts, parting lineation, and 

climbing ripple lamination are less abundant. Herringbone 

cross-bedding and reactivation surfaces, both characteristic of 

tidal sedimentation, are found only in the upper third of the 

section (Weber, 1977). 

Large-scale trough cross-bedding and, less commonly, planar 

cross-bedding, are the dominant primary structures in sections 

of coarse orthoquar;zite and conglomerate. Originally 

horizontal master bedding surfaces are indistinct and commonly 

several meters apart stratigraphically. In general., 

medium-grained orthoquar~zite sections display smaller troughs 

and typically have ripple-marked horizontal bedding as well, 

indicating a less energetic depositional environment. 

Thin-bedded fine orthoquartzite, siltstone, and mudstone 

commonly have ripple-marked and mud-cracked bedding surfaces 
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only a few centimeters apart stratigraphically, indicating 

deposition on mud flats that were alternately flooded and 

exposed to desiccation. 

The numerous current structures in the Sioux Quartzite 

clearly indicate deposition from a southeast-flowing current 

regime. The vector mean of current direction indicators is 

azimuth 162 0 (Weber, 1977). 

Environment of Deposition 

Although a shallow-water depositional environment is 

clearly indicated by the primary structures in the Sioux 

Quartzite, the exact nature of the shallow-water environment is 

considerably less certain. Weber (1977) concluded that the 

lower two-thirds of the formation was deposited either by a 

plexus of braided alluvial channels or in a shallow, 

high-energy marine environment, whereas the upper third was 

deposited in a shallow marine environment affected by tidal 

currents. Earlier, Miller (1961) made the interesting 

suggestion that the Sioux may represent a pediment-fan 

assemblage of fluvial sediments that was slowly inundated and 

reworked by a transgressing sea. Miller further c o ncluded that 

intense weathering of the basement must have preceded alluvia\) 

fan sedimentation in order to account for the absence of 

locally derived granite and gneiss cobbles from the basal 

conglomerate. 

)0 
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Rationale for Favorable Classification 

The unconformity beneath the Sioux has many of the geologic 

criteria associated with unconformity-related uranium d e posits 

(Mathews, 1978a; 1978b). This correspondence is summariz e d in 

Table 1. The principal factor lacking along the Sioux 

unconformity that is seemingly required for concentrating 

uranium near unconformities is a geologic reducing agent. 

However, graphitic schist or gneiss may occur among Archean 

rocks concealed beneath the unconformity (although no graphitic 

rocks are known in exposed areas of Archean rocks in the New 

Ulm Quadrangle), and sulfide-rich shear zones may also be 

present. Therefore, even though no uranium mineralization has 

been identified to date, there is potential for future 

discovery of mineralization in the subsurface. 

Favorable Areas 

Areas A and B. Both areas coincide with regions where the 

Sioux Quartzite is at or close to the present land surface and 

where the mapped position of the basal Sioux unconformity is 

reasonably well constrained (PIs. 9 and 10). Depth to the 

unconformity from the surface is projected to be between 50 and 

1500 m. 

Surface samples of Sioux Quartzite collected from a portion 

of Area A are virtually lacking in uranium (Pl. 12). This is 

~I 
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TABLE 1. COMPARISON OF GEOLOGIC CHARACTERISTICS OF THE 
SIOUX UNCONFORMITY WITH CHARACTERISTICS OF CLASS (710) DEPOSITS 

Characteristic 

1. Tectonic setting 

2 . Kind of unconformity 

3 . Lithology 

4. Age 

5. Structure 

6 . Apparent requirements 
for U deposition 
(epigenetic model) 

7 . Mineralization 

Model class (7 10) deposit 
(Mathews , 197Ba and b) 

Stable craton 

Erosion surfaces where terrestrial sedi
ments overlie metamorphic complexes . 

upper sequence: Typically orthoquartzitic 
to feldspathic fluvial sandstones marked 
by high degree of textural and mineralog
ical maturity. Commonly less well sorted, 
less mature near base , which may be con
glomeratic . 
Older metamorphic complex: Lithologic 
details are not significant except 
presence of reductants. Graphitic , 
chloritic, sulfide- bearing schists 
associated with larger U deposits . 

Major deposits associated with Proterozoic 
unconformities . 

Very mild deformation of upper sequence; 
reactivated basement faults occur near 
U deposits . 

a . Moderately uraniferous source rocks in 
basement or within sedimentary section . 

b . Circulation of oxidizing groundwater to 
dissolve U from source rocks . 

c . Channelways and appropriate barriers to 
concentrate ground-water flow typical ly 
just be l ow unconformity . 

d. Local reducing environments to cause 
precipitation of U from oxidizing solu
tions . 

Pitchblende in veins, breccias, fracture 
fillings • 

Sioux unconformity 

Stabl e craton 

Sioux Quartzite may be in part ter
restrial although the upper part 
appears to be marine . Subjacent 
Archean rocks are metamorphic . 

Sioux: Possesses all criteria of 
model upper sequence . 

Archean gneiss: Chloritic rocks known 
locally ; extensive grapbite- or sul
f i de- bearing zones not known . 

Proterozoic (probabl e age of Sioux in 
1, 650- ,1, 700 m. y . range). 

Sioux is gentl y defor med. Faulting in 
Sioux appears to be of reactivation 
type . 

a . Sacred Heart Granite and other 
Archean granites are adequat e source 
rocks; they lie up the paleoslope 
from present area of Sioux Quartzite . 

b . Sioux is a red-bed sequence, indi
cating oxidizing conditions. 

c . Minor fau l ts and breccia zones 
known above unconformity; s uitable 
channelway geometry presumed in 
unconformity zone but not known . 

d . Reducing environments not known . 

No uranium mineralization known . 
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not surprising, given the . mature composition of the quartzite 

and the fact that all samples are from stratigraphic levels 

well above the unexposed basal unconformity, and is not taken 

as evidence against the general favorability of the basal Sioux 

environment. Archean rocks inferred to occur beneath the 

unconformity do not crop . out in Area A and therefore were not 

sampled. There are no outcrops of either the Sioux or 

subjacent Archean rocks in Area B. 

Ground-water samples from Area A show anomaly patterns in 

the concentrations of u£op, helium, and radon that clearly are 

related spatially to the Sioux unconformity (Fig. 4Ai PIs. 13 

and 15). Although interpretation is hampered by uncertainty as 

to the stratigraphic unit from which some ground water was 

sampled, it does appear that waters circulating in the vicinity 

of the unconformity are enriched in uranium and helium, and 

depleted in radon, relative to waters within the Sioux itself. 

These relations suggest that dissolved radium, which is the 

emitter of radon, may be captured on iron oxide-coated fracture 

surfaces and grain boundaries within the Sioux, whereas 

dissolved uranium and helium are not detained and migrate down 

the modern hydrologic gradient beyond the subcrop of the 

unconformity. Upward circulation of deep ground water would 

enhance this separation (Fig. 4B). The observed .anomalies are 

not considered to be directly indicative of significant uranium 
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Interpretation of Rn, He, and U anomalies near the 

Sioux unconformity. 

A. Map showing bedrock geology and water table contours 

(in feet above sea level") near the Sioux 

unconformity in Favorable Area A. The 

Sanborn-Jeffers detailed study area (Pis. 12, 13 and 

15) is outlined. Long-dashed line: unconformity 

between Sioux Quartzite and Cretaceous sedimentary 

rocks; short-dashed line: unconformity between 

Archean gneiss and Sioux Quartzite beneath 

Cretaceous cover. 

B. Schematic section along long 95°07'30" showing 

possible migration paths of dissolved U, He, and Rn 

away from hypothetical uranium concentrations along 

the basal Sioux unconformity. Ground-water flow 

paths are indicated by light arrows. Well X, 

hydrologically upgradient from the Sioux 

unconformity, draws ground water improverished in U 

but containing Rn and He generated from Ra captured 

on Fe-oxide films in the quartzite; water in Well Y, 

down the hydraulic gradient, contains U and He, 

whereas the short-lived Rn lags back near the 

captured Ra halo. 
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min e ralization, but they are compatible with possible uranium 

concentrations near the unconformity su r f a ce. 

Results of the HSSR sampling program (ORGDP, 1979) indicate 

slightly anomalous amounts of uranium in ground water and 

stream sediment in both Area A and Area B. The better HSSR 

indicators are in Area B (Pl. 3; Doyle, 1980). However, many 

of the water samples in Area B are from Cretaceous and 

Quaternary aquifers, and most of the stream-sediment samples 

are simply reworked glacial drift. Therefore, until 

stratigraphic and hydrologic test drilling are done, the HSSR 

results are considered to be suggestive but not indicative of 

uranium concentration in the Sioux Quartzite. 

Favorable Area A includes 837 km~. Assuming that a 

vein-type uranium deposit is most likely to occur within 300 m 

of the unconformity surface, the rock volume of potential 

interest in Area A is 251 Area B covers 811 k~. 

Proceeding on the same assumption, the rock volume of potential 

interest in Ar~a B is 243 . kmQ. Most of the land in both areas 

is under private ownership. Small tracts are under state, 

federal, or county management for wildlife preserves, parks, 

and archaeological sites (Pl. 20). 
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ENVIRONMENTS UNFAVORABLE FOR URANIUM DEPOSITS 

Many rock units or related groups of units within the New 

Ulm Quadrangle are considered to be unfavorable for uranium 

deposits. These are · described below in stratigraphic order. 

ARCHEAN GNEISS (INCLUSIVE) 

As a group the ancient gneissic rocks of the Minnesota 

River Valley contain only background quantities of uranium 

(Table 2; App. B). Highest uranium values are found in 

granitic pegmatites of various styles and ages that traverse 

the gneiss, and these values generally are low. Although the 

occurrence of vein-type deposits (class (720) of Mathews, 

1978a; 1978b) cannot be ruled out, no positive indications have 

been found and the prospects are not encouraging in rocks of 

this age. It is likely that uranium indigenous to the ancient 

gneiss has been progressively mobilized and removed during 

repeated episodes of metamorphism, deformation, and anatexis. 

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

can be ascribed to uranium concentrations in the gneiss 

terrane. 

LATE ARCHEAN GRANITE 

Two small granitic batholiths and innumerable comagmatic 

dikes and veins were emplaced into ancient gneisses of the New 



", 

NEW ULM 

Ulm Quadrangle about 2,600 m.y. ago. Of these, the Sacred 

Hea r t Granite is the largest, best exposed, and also the most 

uraniferous (Table 2). It is somewhat more radioactive than 

other Minnesota granites and is notably more radioactive than 

its gneissic wall rocks (Ojakangas, 1976). Although the Sacred 

Heart Granite and related granitic intrusions are classified 

here as an unfavorable environment, based on the low 

pro b a b iii t Y 0 f fin din g 1 0 0 ton s 0 r m 0 r e . 0 f u@o@ a tag r a d e 0 f 

100 ppm or better, the rocks may contain marginal to 

subeconomic orthomagmatic concentrations and therefore they are 

discussed here in some detail. 

Form, Size, and Contact Relations of the Sacred Heart Granite 

The Sacred Heart Granite is inferred from geophysical 

evidence to form an elongate batholith about 97 km long and 23 

km wide that trends west-southwestward from the Minnesota River 

(Plo 9). Outcrops occur only in a restricted area of the 

Minnesota River Valley and on widely scattered upland knobs 

(Pis. 8 and 9). Elsewhere the rock is covered by Cretaceous 

and Quaternary deposits. 

Regionally the contacts of the batholith are 

quasi-concordant to the prevailing east-northeast structural 

grain of the Archean gneiss terrane, but . on the local scale the 

contacts are discordant and pl~inly intrusive. The granite has 
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TABLE 2. U30 8 IN ROCK UNITS, PARTS PER MILLION 

Rock unite s) 

Morton Gneiss (Agnm) 

Migmatitic gneiss (Amgn, Agnu) 

Amphibolite (Agna) 

Aluminous gneiss (Agnd) 

Fort Ridgely Granite, 
undivided Archean granite 
(Agrf, Agr) 

Sacred Heart Granite (Agrs) 

Postorogenic plugs (pgr, Pgb) 

Diabase dikes (Pd) 

Sioux Quartzite (Ps) 

Paleozoic sedimentary 
rocks (-€fs, -£j, Op) 

Pre-Cretaceous regolith on 
Precambrian rocks 

Cretaceous sandstone (K) 

Cretaceous shale (K) 

Quaternary glacial deposits 

Mean 1 

3.71 

3.60 

1.89 

2.69 

7.25 

9.16 

2.68 

2.40 

2.64 

1.75 

3.57 

2.57 

5.19 

1. 13 

Median2 

2.40 

3. 10 

1.82 

1.88 

5.00 

5.30 

2.57 

2.00 

1.09 

2.00 

3.45 

2.44 

4.85 

1.38 

85th2 

percentile 

5.60 

6.30 

3.20 

4.40 

16.0 

13.5 

4.35 

3.80 

3.37 

7.00 

4.90 

9.80 

1.77 

1Ar ithrnetic mean of values above the detection limit (>1ppm) 
2 Derived from log-normal cumulative curve 
Nt total number of samples analyzed 
Nb = number of samples with U30 8 < 1ppm 

High 

17 

21 

8 

8 

18 

95 

8 

5 

7 

2 

8 

6 

15 

4 
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75 12 

68 5 

34 6 

17 4 

8 o 

69 2 

42 1 

14 4 

42 20 

6 2 

37 2 

28 5 

42 o 

33 3 
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a weak, locally developed flow foliation near its margins, but 

is structually isotropic over most of its area. Xenoliths of 

gneiss are common in the contact zone. 

Lithology 

The Sacred Heart Granite is chiefly a grayish-pink to 

brick-red, medium-grained granite that contains subequal 

amounts of quartz, K-feldspar, and plagioclase, about 6 percent 

biotite, and characteristic trace amounts of sphene. The 

biotite content varies somewhat in and near the contact zone 

where the rock is faintly banded. 

Two structurally distinct but mineralogically similar types 

of pegmatite are associated with the Sacred Heart Granite. One 

class of pegmatite forms gradationally bounded, generally 

irregular small masses within the granite proper; these appear 

to be segregation pods, probably volatile controlled, that 

developed late in the cooling history of the magma. The second 

type of pegmatite forms sharply bounded straight dikes that 

commonly cut across the contacts of the granite and continue 

into the country rock. The dikes locally cut the irregular 

pegmatite pods, and therefore are somewhat younger; they are 

fracture fillings that were occupied by late-stage magmatic 

fluids after the main mass was cool enough for brittle fractures 

to develop. Both kinds of pegm,atite are simple qUartz-feldspav 

:zq 
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mica rocks without notable zoning. No rare pegmatite minerals 

were observed. 

Rationale for Conditional Economic Interest , 

The geologic characteristics of the Sacred Heart Granite 

fit many of the criteria associated with uranium deposits of 

the orthomagmatic and pegmatitic classes (Mathews, 1978c, 

1978d) • The pluton is late to post-tectonic, located in a 

region of extensive crustal reworking, and is probably of 

crustal derivation. Although the chemical composition of the 

granite is not peralkaline, the ratio of alkalis to Ca is 

toward the high end of the normal calc-alkaline spectrum. 

Moreover, the mean and median contents of U~@ in the Sacred 

Heart Granite are higher than in any other rock unit of the New 

Ulm quadrangle (Table 2; Pl. 14) and somewhat above average for 

granitic rocks worldwide (Clark and others 1966; Burwash and 

Cumming, 1976). The magma system apparently was weakly 

enriched in uranium, and therefore it is possible that late 

magmatic processes may have produced marginal to submarginal 

uranium deposits, as yet undiscovered, in association with 

aplites and pegmatites. Evidence for late magmatic 

concentration of uranium is found in the uraniferous pegmatite 

(95 ppm U@O~; Q 3 standard deviations above the median) that 

was sampled at uranium occurrence no. 1 "(Pl. 2). 
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Ar ea of Interest 

The present data base is inadequate "to delineate a~eas 

within the greater outcrop area of the Sacred Heart Granite 

that have a greater or lesser abundance of pegmatite, and 

therefore the entire area is judged to have an equal 

probability for discovery of small pegmatite-related uranium 

concentrations. 

The anomalously uraniferous granite and pegmatite at 

uranium occurrence no. 1 are similar in appearance, mineralogy, 

and structure to other granite and pegmatite having median 

uranium levels. No uranium minerals were found 

petrographically; uranium apparently occurs in the crystal 

structures of zircon and sphene, and perhaps to a lesser degree 

in biotite. 

Results of the HSSR sampling program (ORGDP, 1979) i~dicate 

scattered small geochemical anomalies within the boundaries of 

the Sacred Heart (Pl. 3). However, the ground water sampled is 

mainly from Cretaceous and Quaternary aquifers and most of the 

stream sediments are reworked glacial drift. Therefore the 

HSSR results have little bearing on the evaluation of the 

Sacred Heart Granite. 

The outcrop and subcrop area of the "Sacred Heart Granite is 

approximately 1105 km2. Pegmatites occupy only a small, unknown 

3/ 
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fraction of that area in the subsurface, and the aggregate 

volume of favorable rock cannot be more than a few cubic 

kilometers. 

Most of the land overlying the Sacred Heart Granite is 

under private ownership. Small tracts are under State, Federa l 

or County management for parks and wildlife preserves, and 

several square kilometers are within the Lower Sioux Agency and 

the Morton Indian Mission (Pl. 20). 

POSTOROGENIC MINOR INTRUSIONS OF PROTEROZOIC AGE 

Small plugs of gabbro, diorite, quartz diorite, and 

granitic rocks, as well as dikes of diabase and basalt, were 

carefully sampled and found to contain only background amounts 

of uranium (Table 2; App . B). On the whole, these rocks are 

too mafic in composition to be likely hosts for orthomagmatic 

or other types of primary uranium mineralization, and no 

structural environments particularly favorable as sites for 

secondary mineralization were identified. 

PALEOZOIC SEDIMENTARY ROCKS 

Although the Cambrian sandstone section is highly permeable 

and is affected by complex three-dimensional ground-water 

circulation, it is not considered to be a favorable environment 
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for uranium deposition. The rocks for the most part are 

cleanly washed, mineralogically mature end-cycle marine 

sandstones that lack reducing horizons. Primary current 

structures measured during this investigation indicate 

sedimentary transport from the north and northeast, possibly by 

longshore currents along the western margin of the Hollandale 

embayment, and the principal source rocks probably were earlier 

cycle sediments of late Keweenawan (Proterozoic II) age rather 

than older Proterozoic or Archean crystalline rocks. Some input 

from metamorphic terrane is indicated by stratigraphically 

limited heavy mineral suites containing high-rank metamorphic 

minerals, but this contribution is thought to have been small. 

Careful search for beach placer deposits (Jones, 1978a, 

1978b; Houston and Murphy, 1977), which might be expected in 

the depositional environment of the Cambrian sandstones, 

yielded negative results. 

No favorable criteria for uranium concentration were found 

in the dolomitic and associated clastic rocks of the Ordovician 

Prairie du Chien Group. 

REGOLITH BENEATH CRETACEOUS STRATA 

The thick mantle of weathered Precambrian rock that 

underlies Cretaceous sedimentary beds throughout much of the 
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New Ulm Quadrangle has no potential as an environment for 

uranium deposits. Uranium has been strqngly leached from th e 

most thoroughly decomposed materials high in the weatherin g 

profile, and leached to a lesser degree from less thoroughly 

weathered rocks at deeper levels. Some of the uranium 

mobilized by weathering may have been concentrated in 

appropriate reducing environments in fluvial or estuarine 

settings marginal to the Cretaceous marine basin, and such 

concentrations may be preserved in basal beds of the ove rlying 

Cretaceous section. The degree to which this process may have 

operated, however, is strongly dependent on the timing of 

weathering with respect to marine transgression, and also on 

details of the prevailing hydrogeochemical system. No positive 

evidence of uranium concentrations near the sub-Cretaceous 

unconformity has been found in the New Ulm Quadrangle. 

QUATERNARY GLACIAL AND GLACIOFLUVIAL DEPOSITS 

The ubiquitous cover of Quaternary surficial materials 

includes multiple layers of glacial till interstratified with 

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

Although the Quaternary materials do differ regionally in 

uranium content and other geochemical characteristics, these 

differences reflect complex mixing of source-rock components in 

the tills rather than a coherent minera~izing process. The 
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east-to-west increase of uranium, specific conductance, and 
• 

sulfate in groundwater taken from glacial drift, as reported by 

the HSSR survey (ORGDP, 1979), clearly correlates with 

east-to-w e st increase in the proportion of Cretaceous shale in 

the drift . Detailed study of a test area in the northeastern 

part of the New Ulm Quadrangle that contains several kinds of 

glacial deposits failed to show significant differences among 

sediment types or stratigraphic units in terms of uranium 

content (App. B) or total-count radioactivity. 

UNEVALUATED ENVIRONMENT 

The Cretaceous sedimentary rocks of the New Ulm Quadrangle 

and the unconformity beneath them 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 chiefly of poorly 

consolidated shale together with lesser amounts of siltstone, 

sandstone, and carbonaceous rocks. Pre-Quaternary, 

post-Cretaceous stream erosion has stripped away much of the 

thin Cretaceous sectio'n and left isolated patches on former 

stream divides (compare PIs. 8 and 9). buring Quaternary 



glaciation the Cretaceous remnants were overridden by ice and 

buried by glacial deposits so that the present land surface, 

which is completely controll~d by glacial and postglacial 

deposition and erosion, bears no relationship to the 

pre-Quaternary land surface or to the areal distribution of 

Cretaceous rocks. 
This burial, coupled with the inherent 

geomorphic weakness of the Cretaceous strata, greatly limits 

surface exposures of Cretaceous rocks. 
The only outcrops of 

Cretaceous materials in the New Ulm Quadrangle are along the 

lower Cottonwood River near New Ulm and along the Minnesota 

River between New Ulm and Mankato. 
These exposures are not 

representative of the' large areas of Cretaceous strata in the 

northern and western parts of the quadrangle. 

Neither surface geochemical methods nor aeroradioactivity 

surveys yield information pertinent to the Cretaceous rocks. 

Both techniques are sensitive only to signals generated by the 

covering Quaternary blanket. 

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 lithologies, and these are of poor 

quality. 
Descriptive logs prepared by water-well drillers are 

collectively the principal data base for mapping Cretaceous 

rocks in the subsurface. 
These logs, although better than 
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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 

glacial till and gray Cretaceous shale. This ambiguity 

handicaps the interpretation of ground-water geochemistry as 

much as it handicaps geologic mapping. 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 New Ulm Quadrangle are 

classed as an unevaluated environment for uranium deposits. 

INTERPRETATION OF RADIOMETRIC AND GEOCHEMICAL SURVEYS 

The scheduled aerial radioactivity survey of the New Ulm 

Quadrangle was not available in time for checking anomalies in 

the field or for detailed analysis of the data in the office. 

However, on the basis of preliminary inspection of the data, 

there appear to be no statistical radioactivity anomalies in 

the quadrangle that can be related to real concentrations of 

uranium in pre-Quaternary bedrock. The same conclusion was 

reached by the aerial radioactivity contractor (geoMetries, 

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

local variations in the composition of the glacial drift. 

Therefore detailed follow-up procedures do not seem warranted. 
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Results of the hydrogeochemical and stream-sediment 

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

by Doyle (1980). Although the HSSR data show intere s ting and 

potentially significant anomalies in some places (chiefly in 

Area B of Pl • . 1), the relationship between anomaly and bedrock 

geology is difficult to establish and assess. More than half 

of the ground-water samples analyzed were collected from wells 

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

samples were from streams flowing over glacial deposits. In 

the absence of sound data on the degree of hydrologic 

interconnection between bedrock and drift aquifers, and in the 

absence of detailed data on geochemical association between 

bedrock and overlying drift, the HSSR results are largely 

ambiguous for indicating real concentrations of uranium beneath 

the glacial cover. 

Surveys of radon and helium in ground water were undertaken 

in three largely drift-covered areas (Pl. 11) that were judged 

on geophysical grounds to straddle major faults or contacts in 

the Precambrian basement. Two samples of water were collected 

from every available well in each area, and the pH, specific 

conductivity, alkalinity, and dissolved oxygen content of the 

water were measured at each sample site. One water sample, 

collected in a sealed Vacutainer tube, was analyzed for 

dissolved helium, and the other sample, collected in a 
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screw-cap glass jar, was analyzed for radon. In the 

Sanborn-Jeffers area, which lies within Favorable Area A, a 

third sample was collected at each well and analyzed for 

uranium. The results of the radon and helium work are 

summarized in Plates 15, 16, and 17. 

In the Sanborn-Jeffers area the distribution pattern of Rn, 

He, and U is clearly related to the basal Sioux contact, as 

discussed above under Favorable Area A. Very high helium 

anomalies occur in the Clarkfield area (Pl. 16) but follow-up 

uranium determinations on new samples of the most anomalous 

waters (Pl. 4; App. B) gave negative results. The ENE trends 

on both the geochemical maps of the Clarkfield area (Pl. 16) 

and the aeromagnetic map (U.S. Geological Survey, 1970), 

suggest possible association of the Rn and He anomalies with 

structures in the Archean basement. The radon and helium 

anomalies in the Sleepy Eye area (Pl. 17) are not as high as 

those in the Clarkfield area, and the anomaly pattern is not 

clearly associated with geophysical patterns. Apparently the 

geochemistry of the waters in the Sleepy Eye area is dominated 

by the glacial drift. 

RECOMMENDATIONS TO IMPOVE EVALUATION 

The thick cover of glacial drift in the New Ulm Quadrangle 

presents a serious impediment to proper evaluation of all 
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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 diamond drilling. 

stratigraphic control is the most pressing need. 

Improved 

Evaluation of the unconformity at the base of the Sioux 

Quartzite would be greatly enhanced by two or more 

stratigraphic test holes through the Sioux in both Areas A and 

B (Pl. 1). Fundamental gaps in knowledge pertaining to the 

favorability of this environment that could be filled by 

drilling include (1) the detailed stratigraphy and lithology of 

the Sioux, particularly of the lower third of the section; (2) 

the lithology, degree of weathering and/or alteration, and 

structural condition of the Archean gneiss beneath the 

unconformity; (3) geochemical variations in both rock and water 

as a function of depth and stratigraphic position; and (4) 

petrophysical properties of rocks that might sharpen regional 

magnetic, gravity, and electrical-field interpretations. One 

of the test holes should be drilled near the mapped fault zone 

in Favorable Area A. 

Airborne electromagnetic surveying to identify conducting 

(reducing) zones in the Archean gneiss near the Sioux 

unconformity also would contribute to better evaluation. 
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Evaluation of the Cretaceous rocks is impossible without an 

exte nsive program of shallow test drilling. Stratigraphic 

tests to (1) establish criteria for placing the 

Quaternary-Cretaceous boundary, (2) determine the lithotypes 

and stratigraphic succession within the Cretaceous, and (3) 

determine the geochemistry of rock and water as a function of 

depth, stratigraphic position, and geographic position would 

quickly confirm or deny the favorability of the Cretaceous 

section for uranium deposition. Fifteen to twenty holes on the 

order of 150 to 250 m in depth, distributed systematically over 

the western two-thirds of the quadrangle, would be the minimum 

needed for adequate stratigraphic control in the Cretaceous 

rocks. 
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• 
APPENDIX A. URANIUM OCCURRENCES IN THE NEW ULM QUADRANGLE 

Occurrence 
no. 

1 

Name 

Larsen Quarry 

Location 

S29 T113N R39W 
44°33'55"N, 95°35'00'W 

1production categories: a . 0-20,000 lb U30 8 
b. 20,000 - 200,000 lb 
c. 200,000 - 2 million lb 
d. 2 million - 20 million lb 
e. greater than 20 million lb. 

Host rock 
Formation/member 

Sacred Heart Granite 

Production 1 

a 

NEW.f' ., 

Reference 

This report 
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