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THE GNEISSES, GABBRO - SCHISTS, AND ASSOCIATED
ROCKS OF SOUTHWESTERN MINNESOTA.

By C. W, HALL.

CHAPTER L

INTRODUCTION.

The territory from which the material for this paper was gathered
embraces that part of the Minnesota River Valley lying between
Courtland and Ortonville and that portion of the State of Minnesota
to the west and south of the river named wherever gneisses are found.
(See PL.I.) The area is about 5,500 square miles in extent.
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F16. 1.—A township from the United States Government survey—T.110 N., R. 30 W., Minnesota.

This entire area has been platted by the land surveyors of the Gov-
ernment, and geologists are thus cnabled to locate accurately every
sample gathered. Wherever in the following pages a definite location
is given, the township and range’are named, and the paces, on the

basis of 2,000 to the mile, north and west from the southeast corner of
9
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the section are stated. Occasionally, however, it was found that the
surveyors’ monuments and section posts had disappeared, and then
the distances were estimated.

Although the area embraced in this study reaches well up to the
headwaters of the Minnesota River, the rock elevations do not attain
great heights above the sea. Probably no outcrop occurs at a higher
elevation than 1,200 feet. This portion of the State is deeply drift
covered, and wherever the rocks appear above the present high-water
mark of the Minnesota River they protrude in well-rounded knobs or
bosses, sometimes of small size, and never of great extent, either in
height or in area., ‘As a consequence of the heavy drift covering, we
find few outerops upon the prairie beyond the morainic bluffs which
bound an ancient flood plain of the Minnesota River. These few are

i
NWorNE. | N.EOFNE,

NWY%  |~———- te~ g — — |

Fia. 2.—A section 1 mile square. One mile=2,000 paces.

the highest masses of an eroded rock surface protruding through the
glacial drift.

The flood plain of the Minnesota River is from 1 to 5 miles wide
throughout its course from Ortonville to and beyond New Ulm, and
was formed while the valley was a channel of outflow from Glacial Lake
Agassiz, extending northward through the present Red River Valley.
Projecting through this flood plain are many exposures of gneisses,
gabbro-schists, diorites, and diabasic effusives. In the 120 miles be-
tween Ortonville and New Ulm the rocks named ¢ often fill the entire
valley, 1 to 2 miles wide, rising in a profusion of knobs and hills 50 to
100 feet above the river.”!

Unless there be assumed a considerable elevation of the central por-
tion of the continent, it must be supposed that during Glacial or pre-
Glacial time the descent of the River Warren was a gentle one. Such
is that of its successor, the Minnesota River, of post-Glacial time.
This fact, and the presence, throughout the upper portion of its course,

1The Minnesota Valley in the Ice age, by Warren Upham: Proc. Am. Assoc. Adv. Sci., 1883, p.
215. .
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of crystalline rocks, have determined the slight depth below the
Warren flood plain to which the bed of the river has been eroded.
Few rapids occur, and these are where the river crosses the strike
of the gneisses. The Minnesota River at Courtland stands 807 feet -
above the Gulf of Mexico, and the elevation of Bigstone Lake, a
widening of the river near Ortonville, is 962 feet.

The few exposures occurring outside this ancient river valley lie in
the towns of Omro, Posen, Iicho, Vesta, Johnsonville, and Vaill, south
and west of the Minnesota River. The next exposures in these direc.
tions beyond the townships named are the glaciated knobs of red
quartzite in Cottonwood and Watonwan counties, and other quartzite
exposures among the Coteau des Prairies—called Shining Mountains! by
the early explorers of the Northwest—in Rock and Pipestone counties,
from which, with many a superstitious ceremony, the Indian quarried
the soft catlinite for his pipes.

North and east of the Minnesota River the Leaf Hills and the uniformly
thick beds of till cut off the Minnesota River Valley series of gneisses
and associated rocks from the granites and schists of the Mississippi
Valley, whose most southwesterly exposures, so far as known, lie in
Stearns County.?

In locating the geological boundaries of the Minnesota River forma-
tions, as has been done on the accompanying maps, sometimes an
approximation only is possible. Wherever the drift covering conceals
the underlying rocks the rock boundaries are denoted by dotted lines.

1Travels through the Interior Parts of North America in the Years 1766,1767, and 1768, by Jona-
than Carver, Dublin, 1779, p. 45. )

2Preliminary report on the geology of central and western Minnesota, by Warren Upham: Eighth
Ann. Rept. Geol. Nat. Hist. Survey Minnesota, p.75; and also The geology of Ottertail County, by
Warren Upham: Final Rept. Geol. Nat. Hist. Survey Minnesota, Vol. II, p. 546.



CHAPTER II.

SUMMARY OF EARLIER OBSERVATIONS.

In the mass of material published by the earlier explorers and the
later scientific investigators who have given their attention to the
northwestern Territories and States, little reference is made to the
rocks which form the subject of the present study. For the purpose of
historic and scientific reference the following list of titles and abstracts
is made. The order is chronological.

SEPARATE PUBLICATIONS.

1. CARVER (Jonathan). Travels through the interior parts of North America in
the years 1766, 1767, and 1768. Dublin, 1779.

Carver wrote an exceedingly interesting book, but he said very little
on the geology of the Northwest. The St. Peter (Lower Silurian)
sandstone is briefly mentioned, not by that name but as a snow-white
rock crumbled outwardly by the wind and weather. The crystalline
rocks farther up the Minnesota River Valley are not alluded to.

2. KEaTING (William H.). Narrative of an expedition to the sources of the St.
Peter’s River, Lake Winnepeek, Lake of the Woods, etc., performed in the year
1823, * * * under the command of Stephen H. Long, U.S. T. E. London,
1825, 2 vols.

Professor Keating, of the University of Pennsylvania, geologist and
historiographer of Major Long’s expedition, indulged in many philo-
sophical reflections on the character and constitution of the granitic
rocks met with in the explorations of the party with which he was
connected (Vol. I, pp. 362-382, and elsewhere). In the primitive rocks
above Redwood Falls it seemed to Keating ¢ as if four simple minerals,
quartz, feldspar, mica, and amphibole, had united here to produce almost
all the varieties of combinations which can arise from the association of
two or more of these minerals, and these combinations were in such
immediate contact that the same fragment might, as we viewed one or
the other end of it, be referred to different rocks; while in some places
granite was seen perfectly well characterized ; in others a gneiss, mica-
slate, greisen (quartz and mica), compact feldspar (Weisstein of Werner),
syenite, greenstone,and the syenite with addition of quartz, forming the
amphibolic granite of D’Aubuisson, were equally well characterized.

The only rock composed of these principles which we did not observe,
12
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but which may perhaps exist there, is the graphic granite (pegmatlbe,

Hauy).” (P. 365.)

Keating also advances the suggestion that the Coteau des Prairies,
as the dividing ridge between the waters of the Mississippi and those
of the Missouri, “is doubtless the grand dike which has obstructed the
latter in its progress eastward and caused it to flow southwardly
through a distance of many hundred miles, before it could again
resume a direct course to the former.” (Vol. IL, p. 220.)

3. BELTRAMI (G. C.), esq., formerly judge of a royal court in the ex-kingdom of
Italy. A pilgrimage in Europe and America, leading to the discovery of the
sources of the Mississippi and Bloody river, with a description of the whole
course of the former and of the Ohio. ‘Printed for Hunt and Clark. London,
1828. 2 vols.

Beltrami several times alludes to the rocks of the Minnesota River
Valley. Those at the Redwood River he speaks of as granite of a
beautiful and varied quality. It is not necessary to make here any
quotation from Beltrami’s work.

4. FEATHERSTONHAUGH (G. W.), U. 8. geologist. Report of a geological recon-
noissance made in 1835, from the seat of government, by the way of Green Bay
and the Wisconsin Territory to the Coteau de Prairie. Document 333.
Printed by order of the Senate. Washington, 1836.

Featherstonhaugh mentions gneiss at the Grand Portage (Granite
Falls), east of Lac qui Parle, as dipping southeast, with an almost ver-
tical inclination (introduction). He further says concerning this rock
thatit has “little or no mica” (p. 28), and.that it ‘“resembles granite in
every particular except its stratification?” (p.149). Granite, he says,
was of frequent occurrence, and was the only rock seen in places beyond
the mouth of the Waraju (Cottonwood) River toward the northwest,
the last seen described as consisting of “immense masses of granite in
place, isolated from each other, and occupying several hundred acres.
Somse of these masses are 25 feet high; they extend 6 or 8 miles down
the valley and give its name of Eatatenka or Great Rocks to the lake
[Bigstone Lake].” (P.157.)

In a later publication! the same author mentions many localities
between Redstone (Courtland) and Bigstone Lake, where granites occur,
and many details concerning them are given. .

5. N1coLLET (J. N.). Report intended to illustrate a map of the hydrographical
basin of the Upper Mississippi River. Senate Doc. 237, 2d sess., 26th Con-
gress, February 16, 1841. :

The valley of the Minnesota River, together with other tributaries
of the Mississippi, is mapped. The general trend of the Minnesota
River and the situation of its branches are portrayed with remarkable
accuracy, considering the fact that there were no primary surveys at
that time to give guidance to the work.

I See No. 6, following page, Vol. I, Chapters XX VIII to XXXV,
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6. FEATHERSTONHAUGH (G. W.). A canoe voyage up the Minné.y Sotor. London,
1847. 2 vols. '

The geological observations of Featherstonhaugh in this expedition
have already been referred to. He saw many bowlders of the primi-
tive rocks, from escarpments of vertical granite and rugged granite
hills ¢“resembling parts of Dartmoor.” (Vol. I, p.325.) Elsewhere he
saw ‘“‘immense masses of granite all quasi-stratified, in lamine about
an inch broad.” (Ibid., p. 333.)

7. ALLEN (Lieut. J.). Map and journal of, in charge of escort accompanying
Schoolcraft’s expedition to the sources of the Mississippi. American state
papers, documents, legislative and executive, of the Congress of the United
States from the first session of the T'wenty-fourth Congress inclusive, Vol. V.,
Military Affairs, pp. 312-344.

Lieutenant Allen, in this rather detailed report, published a map of
the region now embraced in southwestern Minnesota, which was com-
piled with great care from the information then at hand. The chains
of hills and mountains as located on the map show the explorers’
and author’s views of the sitnation and trend of the geological forma-
tions, which have had so marked an effect on the.topography of the
region.

8. Owex (David Dale), U. 8. geologist. Report of a geological survey of Wiscon-

sin, JTowa, and Minnesota; and incidentally of a portion of Nebraska Ter-
ritory. Philadelphia, 1852,

With the advent of Owen into the Northwest we enter the time of
more active and systematic research. This geologist, with his chief
assistant, Dr. Norwood, and such aids as Shumard and Whittlesey,
came for the distinct purpose of throwing light on the geological
character of the territory comprised within the field of operations, and
of presenting such practical results as might be drawn therefrom by
Government officers and prospective settlers.

Shumard began an examination of the St. Peter (anesota) River,
but an attack of pleurisy at the Redwood River put a stop to his
further progress. He located the boundary between the quartzite con-
glomerate and the granitic rocks of the valley nearly opposite New
Ulm. ¢“About 1 milein a straightline above the mouth of the Waraju,
and 3 miles by the course of the river, we found some outliers of coarse
conglomerate and granite a short distance from the bank of the stream.
The conglomerate is composed mainly of quartz pebbles and bowlders,
some of the latter 10 inches in diameter; the whole cemented with a
siliceous material. . . . The course of the exposure is nearly east
and west, with a dip toward the south of 20°. . . . The granite is
100 yards removed from the conglomerate, . . . Flesh-colored feld-
spar forms nearly two-thirds of the granite.” (P.491.)

I
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9. WHEELOCK (J. A.), commissioner of statistics. Minnesota: its place among the
States. First annual report of the commissioner of statistics for the year
ending January 1, 1860. Published by authority of law. Hartford, 1860.

Touching southeastern Minnesota, Wheelock says: ¢ From the head
of Lake Superior a narrow granitic spur of this primary rock, divested
of the volcanic débris in which the mineral wealth of Liake Superior is
embedded, stretches southwesterly under the drift, beyond the bound-
ary of the State, revealed only when it crosses the Mississippi at Sauk
Rapids, the Minnesota between the Cottonwood and the Redwood, and

‘the Big Sioux at Sioux Falls. This granitic seam intervening in the
sandstone has a breadth upon the streams which it crosses of from 40
to 50 miles” (p. 53).

10. ANDERSON (Charles 8.) and CLARK (Thomas). Report on geology and pla,h for a
geological survey of the State of Minnesota. Made in accordance with a con-
current resolution passed by the second legislature of Minnesota, March 10,

1860.
This report of Anderson and Clark merely alludes to “an extensive
range of the primitive system of rocks” . . . which “appear on

the Minnesota River about the mouth of the Redwood River. Although
sometimes termed a mountain by geologists, the highest elevation of
these ranges does not exceed 2,000 feet above tide water.” The breadth
of this granitic region is out of proportion to its elevation—considering
it a mountain—being about 60 or 70 miles. . . . Here are also found
nearly all varieties of the granitic and metamorphic rocks (p. 5 et
seq.).

This report is of historic interest in that it marks the beginning of
geological surveys by the State of Minnesota.

11. Hart (James). Notes upon the geology of some portions of Minnesota, etc.
Transactions of Philosophical Society, Vol. XIII, N. S., Philadelphia, 1869.

Professor Hall, in speaking of an area about Courtland, says: ¢“Then
rises to the surface a reddish-brown crystalline rock having a granitoid
aspect, but when critically examined is found to consist mainly of
quartz and feldspar without the perceptible admixture of other min-
erals. . . . We have, therefore, an almost continuous exposure of
the strata for more than 100 feet in thickness. There is a distinct dip
to the northeast.” (P.330.) Turther on he adds: “I conceive it to be
sufficiently demonstrated that the quartzites at Redstone Ferry [Court-
land) on the Minnesota River—those near the sources of the Little
Cottonwood, . . . together with those of the escarpments of Pipe-
stone, . . . are of the same age. These quartzites I regard as of
the age of the Huronian formation of Canada and the quartzites of
Wisconsin,” (P.338.) Turning now to the older rocks, Professor Hall
says that around Redwood Falls they are gneissoid, and ‘“in many
places these rocks are intercalated by steatitic or glauconitic beds, and
the entire mass is in a state of decomposition to the depth of 80 or 100
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feet. It would be of much interest,” he continues, ¢ to ascertain the

relation which the dip and direction of these older gneissoid rocks bear

tothe succeeding quartzites, which ev1dent;1y belong to the Huronian

system” (p.335). (See fig. 3.)

12. CaaMBERLIN (T. C.) and assistants. Geology of Wisconsin, survey of 1873-1879.
By the commissioners of public printing, Madison. 4 vols. Vol. II, 1877;
Vol. IIT, 1880; Vol.IV,1882; Vol.I,1883.

In the discussion of the ¢quartzites of Barron and Chippewa coun-
ties, compiled from the notes of Messrs. Strong, Sweet, Brotherton, and
Chamberlin,” reference is made to the quartzites near New Ulm, Min-
nesota, and to the Sioux quartzites of Iowa. The equivalence of the
quartzites of Barron and Chippewa counties to the Sioux and New Ulm
quartzites is to be inferred by the reader. These southwesterly expo-
sures, like those in Wisconsin, are regarded as outcropping marginal
portions of a quartzite belt extending, with some possible interrup-
tions, through three or four States. The lithological characters of the
quartzites of the several areas enumerated and their relationship to the
Laurentian and the Paleozoic formations sanction their reference to
the Huronian age. (Vol. IV, pp. 575-581.)

c, —

.

S ==

Fi6. 3.—Section from Courtland to Pipestone, Minnesota. (After James Hall.)
a. Quartzites east of the Minnesota, at Redstone Ferry, dipping eastward. b. The outcrop of

- quartzites near the source of the Little Cottonwood dipping to the westward. ¢. The outcrop of

quartzites at the Pipestone locality, dipping to the eastward. d. The interval between ¢ and b, made
by an eroded anticline which is now occupied by Cretaceous and more recent formations along this
line. (An east-west section 40 miles north of this point shows the continuity of the Cretaceous forma-
ation interrupted by numerous prominences of Laurentian gneiss.) e. The lower country west of the
Pipestone locality occupied by modern formations similar to d. R. Minnesota River. R’. Sioux
River. The space between the two upper lines is intended to represent prairie formation. f. The
place of the Pipestone.stratum. )

13. WincHELL (N. H.). History of the Minnesota Valley. Minneapolis, 1882.

Chapter XXIX is devoted to the geology of the Minnesota Valley.
This chapter is practically an epitome of Professor Winchell’s observa-
tions in the Minnesota Valley in 1873, published in detailin the annual
report of the Geological and Natural History Survey of Minnesota for
that year. This report will be referred to in another place.

14. WiNncHELL (N. H.) and UpHAM (Warren). The geology of Minnesota. Minne-
apolis, Vol. T, 1884, and Vol. II, 1888. Vols. I and II of the final report.

Mr. Upham’s descriptions and field notes of the geolbgy of the Min-

nesota River Valley are numerous and valuable. Special reference is

here made only to the following topics and pages: Decomposed gneiss
and granite (of Brown and Redwood counties) (p. 570), Potsdam
quartzite (p. 572), the Eozoic rocks of Yellow Medicine County (p. 596),
granite and gneiss of Lac qui Parle and Bigstone counties (p. 617), all
in Vol. I; Archean rocks of Renville County (p. 194) Archean rocks of
Chlppewa County (p. 210), in Vol II.
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Further citations from Mr, Upham’s writings will be made where the
particular topics he writes upon are discussed.

SERIAL PUBLICATIONS.

15. Proceedings of the American Association for the Advancement of Science, Salem,
Massachusetts, since 1848.

- In an extremely interesting description of the Minnesota Valley
during the Ice age, Warren Upham maintains (Vol. XXXII, 1883, p. 215)
the ancient crystalline character of the underlying rocks of the Minne-
sota River Valley in these words: “In the 100 miles from Bigstone
Lake to Fort Ridgely the strata are metamorphic gneisses and granites,
which often fill the entire valley, 1 to 2 miles wide, rising in a profusion
of knobs and hills 50 to 100 feet above the river.”

In 1834, at the Philadelphia meeting, N. H, Winchell delivered the
vice-presidential address in Section E on The Crystalline Rocks of the
Northwest. In the grouping and correlation of these rocks the author
says that ¢the outcrop of red granite near New Ulm, lying under the
conglomerate and red quartzite, is probably the southwestward exten-
sion of ‘the gabbro and red syenite at Duluth.’” These he calls the
first group, i. e., the uppermost series of the crystalline rocks of the
Northwest. (Vol. XXXIII, p.364.) He further adds: ¢ This group is
represented by No. XX southwest of Lake Michigamme [in the upper
peninsula of Michigan], by No. XX at Menominee [in Michigan and
Wisconsin], and by Nos. 1 and 1a at Black River [in Wisconsin|.”

16. Reports of the Chief of Engineers, U. 8. Army, Washirlgton, since 1866.

In the records of the work of the Corps of Engineers, United States
Army,between 1867 and 1879, many facts of geological interest are stated
and discussed.. No engineer of the Army stationed of late years in the
Northwest has taken a deeper interest in geologic and physiographic
studies than Gen. G. K. Warren, after whom, ¢ in honor and in memo-
riam,” the River Warren has been named.! No one can fail to find
profit in studying, from a geological standpoint, what General Warren
has set forth regarding the physical features of the Mississippi and
Minnesota river valleys and the history of their formation.

In his report for 1868 General Warren discussed the extensive ero-
sion which the Upper Mississippi Valley has undergone, the evidences
which this valley presents of a former elevation of the central part of
the North American continent, and the almost entire lack of abrasion
which the granite bed of the Minnesota River reveals in the upper
part of its course (pp. 305-314). In 1873 a report was made of an ¢ ex-
amination and survey of the Minnesota River above the mouth of the
Yellow Medicine.” The average fall of the stream, the character of
the bluffs bordering it, and the location and extent of the lakes found
along its course are given. The granite which occurs at the foot of

! Warren Upham, Proc. Am. Assoc. Adv. Sci., Vol. XXX1I, 1883, p. 231.
Bull, 1567—2

e
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Bigstone Lake is designated feldspathic (pp. 438, 439). In 1875-76
a very detailed report on the Mississippi River was published (Vol. II,
Part L, pp. 381-451), containing ‘“An essay concerning important phys-
ical features exhibited in the valley . . . and upon their signification.”
This valuable paper is illustrated by several maps and charts.

In 1878 the mature results of General Warren’s labors appeared in
the report on bridging the Mississippi River, containing several maps
and diagrams. These results bear on the glacial origin of the Minnesota
Valley, the existence of a glacial river, subsequently named River
Warren by Warren Upham, and the occurrence of silted lakes between
Ortonville and Courtland. They will be frequently referred to in sub-
sequent pages.

17. The Minnesota Teacher, St. Paul, 1867—1875.

W. D. Hurlburt, a gentleman who has observed the geology of the
State as his business carried him to various places, stated in this pub-
lication (Vol. IV, 1871), that ¢“a band of granitic rocks forms the bed
of the river [at Redwood Kalls] similar to the exposures at Sauk
Rapids and above |on the Mississippi River], and these indicate at
‘once the shore line of the Azoic continent and the northern border of
nearly all the sedimentary rocks in place in Minnesota” (p. 5).

18. The American Naturalist, Salem, Philadelphia, and New York, since 1867.

In Vol. II, 1868, an article by Gen. G, K. Warren, entitled, Certain
Physical Features of the Upper Mississippi River, is discussed. The
great excavation of the Minnesota River above Fort Snelling is cited,
and the fact is stated that the bed of this river ¢“for 110 miles below
Bigstone Lake is partially granitic” (p. 497).

Emphasis is laid on the proposition that ¢“the waters issuing from a
lake have little abrading power, for they have comparatively little
rubbing material to operate with.! Thus it was that the waters issuing
at the old southern outlet of Lake Winnipeg (Lake Agassiz of Warren
Upham) could make no impression on the granitic bed of the Minnesota.
Had the granite been soft, like the Silurian rocks lower down in it$
course or like the Tertiary and Cretaceous rocks through which the
Missouri has cut its way, then this part of the valley would have been
worn away in the same manner, and we should have the drainage of all
the Winnipeg Basin still to the southward. A cut of 400 feet at Big-
stone Lake would have drained it, and the banks would then not have
been as high as those of the Missouri at the Bijou Hills, which are 800
feet above the water of the river” (p. 500).

19. The Geological and Natural History Survey of Minnesota, Annunal Reports, Min-
neapolis, since 1872,

Under this survey (still in progress) N. H. Winchell, State geologist,

inspected the valley in 1873. The granites were held to be of a pre-

! Compare Geology of the Henry Mountains, by G. K. Gilbert, Washington, 1880, paragraph on
Corrasion, p. 101, ’
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vailing reddish color. That they are ‘‘schistose granites” is empha-
sized. The granite at La Framboise’s place, described as a “type,” is
made up of the “ternary granite compound,” The tendency to decom-
pose into an impure kaolin, seen at Birch Cooley and Redwood Falls,
is also mentioned. Since this material, provisionally called kaolin,
prevails in the Cretaceous areas and is always present, so far as known,
wherever the Cretaceous deposits have preserved it from disruption by
the ice erosion of the Glacial period, its origin may be attributed to the
action of the Cretaceous ocean. (Report for 1873, p. 163.)

20. The Minnesota Academy of Natural Sciences, Bulletins, Minneapolis, since 1873.

In Vol. I1I, Bulletin No. 1, Warren Upham has described (p. 151) a
set of ‘““maps showing the climate, geography and geology of Minne-
sota.” In outlining the distribution of rocks throughout the State be
says that the rocks of southwestern Minnesota are ¢mainly red quartz-
ites exposed near New Ulm and thence westward to Pipestone and
and Rock counties in the southwest corner of the State.” The Arch-
ean system reaches from “the international boundary from the Lake
of the Woods east to Lake Superior and extending thence southwest
to the Minnesota River between Bigstone Lake and New Ulm, but
terminating 20 or 30 miles southwest of this river” (p. 154).

21. Bulletins United States Geological Survey since 1883.

In Bulletin No. 8, on Secondary Enlargements of Mineral Fragments
in Certain Rocks, R. D. Irving and G, R. Van Hise have discussed sec-
ondary enlargements of mineral fragments in certain vitreous quartz-
ites (and sandstones) in the quartzite formation of southern Minnesota,

The similarity in character of these quartzites to the Huronian
quartzites of the Baraboo district of Wisconsin, and to much of the
quartzite of the Huronian of Lake Huron is pointed out. ¢“At Red-
stone [Courtland] the transitions from argillaceous, reddish sandstone
to completely vitritied, brick-red to purple quartzite, and from these
again to completely loose sandstones, are frequent and abrupt.” The
fact is also emphasized that ‘“over considerable areas the appearance
is as if the rock at the higher levels had been vitrified by exposure.”
(P. 34.) Yet the appearance of the quartzite in the railway cuttings
and elsewhere suggests the possibility that this vitrification may be
due to the descent and spreading of a silica-bearing solution (p. 34).
22, The Geological and Natural History Survey of Minnesota, Bulletins, Minneap-

olis, since 1887.
23. The American Geologist, Minneapolis, since 1888,
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CHAPTER III.

GEOGRAPHICAL DISTRIBUTION AND GENERAL CHAR-
ACTERS OF THE ROCKS OF THE MINNESOTA RIVER
VALLEY.

Before proceeding to a detailed description of the crystalline rocks
under discussion, a résumé of their geographical position will be given,
and the general characters of these rocks, more especially with refer-
ence to their structural relations and peculiarities of texture, will be
outlined. . '

In passing up the Minnesota River from its mouth at Fort Snelling
to South Bend a southwesterly course is followed, the river flowing in
a northeasterly direction. The river runs through a troughlike valley,
whose walls, partly of Cambrian dolomite and sandstone and partly of
glacial débris, reach a height of 200 to 250 feet. These walls are from
1 to 4 miles apart.! At South Bend a right angle is turned, to which
the river comes down from the northwest. Near this point the volume
of the stream is enlarged by the addition of streams of some size flow-
ing in from the south. Along the banks of one of these streams, the
Lesueur, the explorer of that name found deposits of copper ore, from
which quantities were sent to France for assay in the year 1700. Con-
tinuing up the river, it is not until T.109 N., R. 30 W. is entered that
any crystalline rocks are found. This area of crystalline rock is called
the Courtland district, from the township of that name.?

COURTLAND DISTRICT.
QUARTZITE EXPOSURES.

The pre-Cambrian rocks first found in passing up the Minnesota

‘River Valley are red quartzites (see Pl. II) with associated quartzite

conglomerates and sandstones. These exposures have been visited by
nearly all the geologists and explorers who have traversed the Min-
nesota River Valley. The rocks are not continuously bare from the
river to the summits, but lie exposed in a series of terraces.. In a
rough way these terraces show different phases of rock strueture and
texture. Probably 50 feet represents the greatest thickness of strata
shown at any one place. So far as has been seen, the outcrops lie
wholly on the north side of the Minnesota River. The Cottonwood

1The Minnesota Valley in the Ice age, by Warren Upham: Proc. Am. Assoc. Adv. Sci., 1883, p. 216.
2 Report intended to illustrate a map of the hydrographical basin of the Upper Missiseippi River, by
J.N. Nicollét; dated February 16,1841: Twenty-dixth Congress, second session, Senate Doc. 237, p. 18.
20 -
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River enters the Minnesota directly south of the locality. With its
power for erosion this stream would have laid bare any high masses
of quartzite lying between the elevated blaffs that bound it on either
side.

Exposures near Redstone.—The exposure southeast of Redstone, in
secs. 1 and 2, T. 109 N., R. 30 W., and secs. 35 and 36, T. 110 N, R. 30
W., is an extensive one. Here many steps can be seen in the transi-
tion from a loose, argillaceous and shaly sandstone to a vitreous quartz-
ite; and again, from a vitreous quartzite of fine and uniform texture to
a coarse quartzite conglomerate. The sandstones occupy the lower
beds of the exposures, and the vitreous quartzite and quartzite con-
glomerates the higher beds.. Yet there are no sharp divisions, many
alternations of sandstone and quartzite layers occurring. The railroad
cuts which penetrate these rocks 30 feet or more show that the quartz-
ite is interbedded with the sandstone, and that the induration is not
wholly a surface phenomenon.! There is a gradual ascent of the sur-
face in passing away from the river, varying from 1 to 25 degrees, and
many depressions bear evidence of unequal erosion, due to the unequal
hardness of the rock, resulting in the terraces mentioned.

The highest portions of these exposures must be at least 175 feet
above the Minnesota River. The erosion of the upper 50 feet is unques-
tionably due partly to glacial action, as grooves and striz, still sharp
and clear, show the direction of the ice currents, which, for this locality,
was S. 33° E. But at places up to 125 feet above the point at which
the lowermost shaly sandstone layers pass under the river, potholes
and narrow tortuous grooves are numerous, This peculiar surface is
clearly the result of the wear of running water rather than of moving
ice; so the conclusion must be that the river’s bed was once high up in
this exposure, and that a large, muddy stream, with a rapid current,
cut the gorges, gouged out the softer layers, wore the potholes, and
chiseled into great irregularity the whole surface of the harder
quartzite.

It is implied, in the statement of these erosive phenomena, that the
wear of the rocks from the terrace 125 feet above the river down to
the present- water level has occurred since the Glacial period closed
for this locality. That it has been accomplished since Cretaceous
time is evident from the erosion of Cretaceous rocks in the neigh-
borhood and within this same river gorge. The height mentioned,
viz, 125 feet, certainly suggests the upper limit of erosion by water
alone, and thus of post-Glacial work. The rocks are too hard to admit
of rapid erosion.” The more complete preservation of the marks of

10n secondary enlargements of mineral fragments in certain rocks, by R. D. Irving and C. R. Van
Hise: Bull. U. 8. Geol. Survey No. 8, 1884, p. 34.

2Compare The recession of the Falls of St. Anthony, by N. H. Wincbell: Geol. Nat. Hist. Survey
Minnesota, Vol. II, 1888, pp. 313-341; The place of Niagara Falls in geologic history, by G. K. Gilbert:
Proc. Am. Assoc. Adv. Sci., 1886, p.222; Man and the Glacial Period, by G.F. anht 1892, pp. 361,
362; and many others.
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water wear on the lower terraces may be due to the protection against
glaciation atforded by the shelving rock surfaces which confronted the
river gorge while the ice masses were pushed over them; yet the
stronger probability is that this condition marks the stage of erosion
when the final ice retreat passed this point. A recent study of the
* Dalles of the St. Croix by Berkey shows that a post-Glacial work has
been accomplished by the St. Croix River! even greater than that at
Courtland, both in its extent and in its mgmﬁcance as a measuring
rod to apply to post-Glacial time.

In general the strike of the quartzites is N, 60° to 70° W and their
dip varies from 5° to 270 N. These figures are the average of a large
number of observations in different portions of the area. There is
considerable variation both in strike and in dip, even within restricted
areas. The dip is more marked in the lower beds—those near the edge
of the river—than in the uppermost beds now visible.

All the rocks have very high silica content. Often, indeed, they
seem to be wholly silica, except for a small quantity of ferric oxide
and calcium phosphate in the cement, solidifying the grains of clear
quartz-sand into a nongranular rock. Noting that Prof. James A.
Dodge found distinct traces of calcium phosphate in the supposed new
fossil, Lingula calumet, discovered® by Winchell in 1885 in the cat-
- linite interbedded with the red quartzite of Pipestone, Minnesota, a
rock universally conceded to belong to the same horizon as this
quartzite at Courtland, Mr. E. J. Babcock, now of the University of
North Dakota, made tests for calecium phosphate in the Courtland
quartzites. Five samples, showing no traces whatever of fossils, were
taken from as many different parts of these rocks, representing the
shale, the sandstone, the indurated quartzite, and the conglomerate of
these beds, and qualitative analysis in all cases showed distinct traces
of calcinm phospbate. Some of them, and notably a sample of the
conglomerate from near the top of the hill—that is, from the upper-
most Jayers of quartzite exposed—yielded a very appreciable amount.

Microscopically, also, the quartzites show considerable diversity.
The fine vitreous quartzite, as stated by Irving and Van Hise,® shows
the original fragmental grains coated with a film of oxide of iron and
then enlarged, the cementing material becoming a constitnent part of
the reconstructed angular grains. In other places the indurating
material is deposited independently as cryptocrystalline, partially
chalecedonic quartz, with no regular orientation. There are still other
places in which there seems to have been a cutting down of the orig-
inal grains and the formation of a cryptocrystalline groundmass
inclosing scattered and corroded ‘grains of quartz. These latter
places appear to be confined to the surface portions of the exposure

1Geology of the St. Croix Dalles, by Charles P. Berkey: "Am. Geologist, Vol. XX, Dec. 1897, p. 368.

2Notice of the discovery of Lingula and Paradoxides in the red quartzites of Minnesota, by N. H.
‘Winchell: Bull. Minn. Acad. Nat. Sci., Vol. ITI, Pt. I, 1889, p. 103.

30n aecondary enlargements of mineral fragments in certain rocks, by R. D. Irvmg and C. R Van
Hise: Bull. U. 8 Geol Survey No. 8, 1884, pp. 34, 35.
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" along the bedding planes and on the sides of theé vertical joints, which
have served as channels of percolation for subterranean waters. The
silica thus dissolved and removed has doubtless acted as the indura-
ting material for the underlying layers. ,

Ezxposures near New Ulm.—Insec.27,T.110 N., R. 30 W,, near New Ulm,
14 miles northwest of the exposures near Redstone just described, lie
large outcrops of coarse quartzite conglomerate. The strike and dip
are nearly at right angles with the strike and dip of the quartzite south-
east of Redstone; the strike near New Ulm, as roughly represented by
the direction of the exposure, being N. 15° E., with a dip varying from
- 100 to 150 SE.

This rock is figured by Professor Irving, in his classic paper on Clas-
sification of the Early Cambrian and pre-Cambrian FFormations, as an
exposure of a typical basal conglomerate.' :

There is much variation in the coarseness of the pebbles, all sizes,
from average sand grains to bowlders 10 to 12 inches in diameter,
being seen. These pebbles consist almost entirely of quartz, in part
dull-red or brown jasper and in part clear white quartz. No quartzite
masses were noticed possessingthe characters of the quartzite south-
west of Redstone, nor were any granitic pebbles seen.? This is some-
what surprising, in view of the close proximity of the granitic and
gneissic rocks of the valley.

PROBABLE CONTINUATION OF THE QUARTZITE IN SURROUNDING
AREAS. ‘

There is evidence that the Courtland quartzites underlie a consider-
able belt of territory. Around Swan Lake (see I’l. I), from 4 to 6 miles
northeast of the exposures néar Redstone and New Ulm,.bowlders of
red quartzite strew the ground in places. In Cottonwood and Waton-
wan counties, about 25 miles to the southwest, many square miles are
underlain by vitreous quartzites, and many broad surfaces appear,
representing a thickness of strata of at least 1,500 feet. The formation
is, therefore, several times as thick as at Courtland, there being exposed
at the latter place from 250 to 300 feet only.” There is no doubt that
the extensive exposures of red quartzites in Rock and Pipestone coun-
ties, Minnesota, and in many counties of southeastern South Dakota,
belong to this same formation.*

To the eastward little is known of the extension of these beds. At
Minneopa Falls, near Mankato, is a well 1,000 feet deep. In boring,’
at 575 feet from the surface a conglomerate was reached with pebbles
of clear, fine, nongranular quartzite up to 2 or more inches in diameter.

1 Seventh Ann. Rept. U. S. Geol. Survey, P1. XLIV, facing p. 430.

2Compare paragraphs in Geology of Sibley and Nicollet counties, by Warren Upham: Geol. Nat.
Hist. Survey Minnesota, Vol.II, 1888, pp. 157-160.

3Preliminary paper on an investigation of tho Archean formations of the Northwestern States, by
R.D.Irving: Fifth Ann. Rept. U.S. Geol. Survey, 1884, p. 201.

4Notes upon the geology of some portinns of Minnesota, etc., by James Hall: Lrans. Am, Philos.
Soc., Phila., Vol. XIII, N. 8., 1865, p. 838. '
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From this depth to more than 800 feet below the surface the borings
counsisted chiefly of quartzite pebbles indistinguishable in macroscopic
and microscopic characters from the vitrified quartzites at Courtland.!
These pebbles are essentially different from those composing the “ basal
conglomerate” beds opposite New Ulm.

In 1897, at Glencoe, about 35 miles north of Redstone, a well, bored
for water, yielded drillings of a decidedly red color between depths
of 936 and 1,640 feet. The rocks there penetrated were probably
the northward extension, beneath the Paleozoic, of these Courtland
quartzites.

AGE OF THE QUARTZM'E.

The occurrence of the quartzite conglomerate at Minneopa Ialls
establishes the fact that the great Sioux quartzite terrane was thor-
oughly indurated and a subject of extensive erosion at the time the
bottom beds of the Middle Cambrian were being laid down in the area
now embraced in the Upper Mississippi Valley. (See fig. 4.)

47 miley

F16. 4.—Hypothetical section from Courtland to Minneopa. 1, Granite-gneiss of the Minnesota
River Valley; 2, Conglomeratic base of the quartzite formation ; 3, Quartzite conglomerate much finer
than at the base; 4, Concretionary Cretaceous limestone; 5, The Courtland exposures of red quartzite,
with overlying conglomeratic phases; 6, Cambrian conglomerate with pebbles of red quartzite;
7, Dresbach (?) sandstone; 8, St. Lawrence dolomites and shales; 9, Jordan sandstone, seen at Minne-
opa Falls; 10, Glacial drift of varying thickness.

The lapse of dan enormous interval of time between the deposition of
the quartzites and the Middle Cambrian (Potsdam) is most strikingly
shown by Irving for the Baraboo district of central Wisconsin, a dis-
trict presumed by that writer to show features of age and strati-
graphic relations identical with those of the Courtland district of
southwestern Minnesota.”? Whether these quartzites belong to the
Upper Huronian subdivision of the Aigonkian can not be determined
from the mere fact of their lying unconformably beneath the Middle

“Cambrian. It is sufficient, for our present purpose, to know that a time
gap of great length intervened between the deposition of these
great quartzite beds and the close of the erosion which partly removed
them and accumulated their débris as masses of conglomerate pebbles
in the bottom layers of the Paleozoic of the Upper Mississippi Valley.

1The deep well at Minneopa, Minnesota, by C. W. Hall: Bull. Minn. Acad. Nat. Sci., Vol, I1I, No.2,
1891, p. 248. :

20n the classification of the early Cambrian and pre-Cambrian formations, by R.D. Irving: Seventh
Ann. Rept. U. S. Geol. Survey, 1886, p. 403 et seq.
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GNEISSOID GRANITE EXPOSURES.

One hundred and fifty paces west of the New Ulm conglomerate,
and undoubtedly extending beneath it, lies the first outcrop of gneiss
that is reached in ascending the Minnesota River Valley. Three or
four knobs stand some 5 to 15 feet above the level of the river bot-
* tom. The several outcrops are shattered into numerous loose blocks
by the forces of weathering. These blocks are so disintegrated and
crumble so readily that hand specimens can with difficulty be shaped.
They show all the phenomena of concentric weathering so common in dis-
integrating granites of coarsely crystalline texture. The shattered con-
dition precludes the possibility of noting the strike or dip of the laminz.
No contortion can be seen. The rock is granitic in texture, of medium
coarseness, somewhat porphyritic, and of a reddish color, due to the
abandance of red feldspars, It is hornblendic, but contains only a
small portion of basic constituents and a much less proportion of
quartz than the exposures farther up the river. The feldspars are
orthoclase, microcline, and oligoclase, and are all considerably altered
through kaolin, the orthoclase and the oligoclase to a much greater
extent than the microcline. The altered areas are heavily charged
with hematite and brown ferrite. The deepest specimens obtainable
along the planes of fracture show a lodgmerit of ferric oxide, which in
places is apparently hydrous (limonite). This lodgment is especially
interesting around nests of basiec constituents. In such places the
intermingling of the brown and green gives a particularly weathered
appearance, which is not, however, fully borne out by the microscopic
examination.

FORT RIDGELY DISTRICT.

Passing up the river a distance of 15 miles from New Ulm, La Fram-
boise’s place is reached. This spot marks the beginning of some very
extensive exposures of rocks. Here they come down to the water’s
edge, forming a good canoe landing and marking the spot where one
of the earliest trading posts of the valley was located by the father of
the present owner of the place.

GNEISSOID GRANITE.

Area northeast of Golden Gate.—In the area mortheast of Golden
Gate (P1. 1V), scattered over several sections in the vicinity, particu-
larly over secs. 14,15, 16, 21, 22, and 23, T. 111 N,, R. 33 W, are many
exposures of a gneiss which to a considerable extent is aungitic and
granitoid. It varies in texture, and over much of the area is so great-
ly shattered as to be unfit for systematic quarrying. Occasional
areas are rather coarse, orthoclase crystals 5 or 6 inches in length
being found, and in other areas a fineness unusual in gneissic rocks
can be seen. As a rule, these exposures exhibit a rock of red color,
but this color shades through pink to a dirty gray, and in some of the
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exposures the last-named color is the predominant one. The more finely
granular modifications are those of the gray color, and these carry
augite. In all the rocks of this locality there is an unusual lack of bio-
tite. Often hand specimens may be found on which not a folium of
this mineral can be seen. The quartz is rather opalescent. The
gueisses, as a whole, are characterized by a high per cent of silica.

Area west of Fort Ridgely.—West and southwest of old Fort Ridgely
the gneiss assumes a darker color and a more pronounced gneissic
habit through the increase of the biotite and the hornblende. It seems
much fresher, and in places some quarrying has been done.

Along the south side of the river, within the area of the map (P1. IV),
several exposures of gneissic rocks are said to occur. The one-locality
visited was the old quarry out of which material was secured by the
Government for erecting the barracks and other buildings of Fort
Ridgely, whose ruins now stand upon a conspicuous morainic bluff on
the north side of the river, 11 miles distant from the quarry. The loca-
tion of this outcrop is at a sharp bend in the river, 150 paces N. and
1,400 paces W.of the southeast corner of sec. 1, T. 111 N.,R. 33 W, Itis
200 paces long by 150 paces wide. Therock is medium-grained gneissoid
granite, porphyritic in texture, and is somewhat stained at the surface
by weathering and the infiltration of ferric oxide along secondary struc-
tures. It is somewhat shattered, and in places is decidedly granitoid.
The more laminated portions show some contortion of the bands, which
have a general N.-S. strike, with a westerly dip of from 40° to 500,
In these respects the rock agrees with the masses on the north side of
the river in secs. 35 and 36, T. 112 N,, R. 33 W

BASIC ROCKS.

In sec. 34, T. 112 N,, R. 33 W, is a fine exposure of augite-schist. It
can not be certainly determined whether it is a dike breaking through
the gneiss or an interbedded layer of quite different mineral and chem-
ical composition from the associated gneissie rocks, although it is prob-
ably the former. Ounly a few hundred paces northeast of the schist is
a highly altered rock, now bearing epidote and calcite, which in both
external and internal characters gives strong evidence of having once
been an olivine-gabbro.

Near La Framboise’s a hornblendic hypersthene- gabbro occurs in the
augitic granitoid gneiss, and at the old Fort Ridgely quarries, NW, }
of NE. { sec. 2, T. 111 N,, R. 33 W., a hornblende-biotite-schist can be
seen which doubtless was once similar in mineral composition to the
hypersthene-gabbro at La Framboise’s. It is probable that the gabbro
just mentioned occurs as an intrusion in the gneiss. - The contact
between the two is sharp and clear where a wall is uncovered for a
few paces.

Everywhere in the rocks of the Fort Ridgely district there are veins
of quartz, and in places they are very numerous. For example, in sec.
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2, T.111 N, R. 33 W, running in a prevailing NW..SE. direction, veins
of milky quartz, varying in thickness from that of paper to 5 inches
across and lenticular in shape, are seen to variegate the surface of the
rock. Schistose inclusions are not infrequent. These possess a medium
texture and vary somewhat in mineral composition. :

MORTON AND BEAVER FALLS DISTRICTS.

PRE-CAMBRIAN ROCKS.

Lower Siouxr Agency area—In secs. 10, 11, 13, 14, 15, 23, and 24, T.
112N, R. 3¢ W, on the south side of the Minnesota River, occur mound
after mound of gneissic rocks, cut by diabase dikes and associated with
altered gabbros and peridotites. In texture the gneissic exposures
vary somewhat. On the average, the rocks are medium grained, but
in places orthoclase individuals 4 inches across are found. Consider-
able contortion was noted in the lamination, but the general direction
is NE.-SW. The number of veins and segregations is less than around
Fort Ridgely. The gneiss adjacent to the large diabase dikes is of
unusual freshness. This freshness seems to be an accidental character,
for northwest of these exposures, in sec. 15 of the same township, the
gneiss is badly weathered. This weathering and the already existing
jointing of the rocks produce concentric blocks of various sizes, the
uppermost and oldest being the most spheroidal. The gneisses are of
the normal hornblendic biotite type. Accessories rather widely found
in granitic rocks occur, particularly apatite, pyrite, and magnetite.

On the Tracy farm, in seec. 10 of this same township, a beautiful
chloritic gneissoid granite is found, not in large quantity, but with
beautiful -areas of radiated chlorite and chlorite plates in vermicular
chains, (Pl. XVII, A.) This rock carries many inclusions of a dark-
green color, which show a predominating quantity of chlorite.

In sec. 14 of the same township are large masses of a coarse-grained,
dark-colored, hornblendic rock. There is a foliation in a general
NE.-SW. direction and a southeasterly dip of 809, although at the sur- -
face there is much contortion. This is evidently an altered gabbroid
rock. :

In sec. 19, T. 112 N., R. 33 W., and sécs. 23 and 24,T. 112 N,, R. 34
W., lies the largest clearly defined dike, save the one at Pigeon Falls,
which the writer has seen in Minnesota.! Its width is 60 paces, and it
can be traced 2 or 3 miles across the valley, standing in the midst
of a large mass of fine, fresh, gray gneiss. In composition it is a
badly altered quartzose dlabase

In sec. 15, associated with the gneiss, is a hornblende -augite-schist
which contains some hypersthene.

! This dike, crossing the Pigeon River and forming the falls named, has been described by Nor-
wood in Owen's Report of a Geological Survey of Wisconsin, Iowa, and Minnesota, etc., Philadelphia,
1852, p. 405; and has been referred to by Irving in The copper-bearing rocks of Lake Superior: Mon.
U. 8. Geol. Survey, Vol. V, 1883, p. 371.
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In sec. 9 of the same township occur the only peridotite and serpen-
tine seen in place in the Minnesota River Valley. T'wo low knobs,
each 100 paces long, 50 paces wide, and not exceeding 10 feet in height,
represent all of these rocks. The variety of peridotite seems to be
saxonite, although somewhat altered. The numerous cavities in the
rock are filled with geodized incrustations of amethystine quartz and,
more rarely, resinous-looking calcite.

In the more exposed portions the alteration mentioned has proceeded
until the original constituents have wholly disappeared. Indeed, a
set of rock sections may be prepared showing every degree of altera-

.tion from a nearly normal peridotite, with only slight alteration of its
enstatite and olivine, to a serpentinous rock in which not a trace of the
original constituents remains.

‘While these knobs of peridotite are the only occurrence of the rock
undoubtedly in place, it may be added that in secs. 32 and 33, T. 112
N,, R. 33 W., between the foot of the morainic bluff and the present-
bed of the river, stands a terrace in which are many bowlders of peri-
dotite-and serpentine. The present condition of these bowlders points
to the probability that they have been transported but a short distance, -
thus leading to the inference that beneath the glacial drift and the

150 feet

Fia. 5.—Contorted hornblende-biotite-gneiss, from rail.‘way cut at Morton, 150 feet long.

deposits of river débris there lies a large mass of these heavily basic
rocks. Every petrological character is identical with the correspond-
ing one of the rocks in situ in sec. 9, already mentioned.

Morton area.—At Morton appear huge mounds of gneiss with a con-
torted lamination. (Fig.5.) This gneiss is hornblendic, and has a pre-
vailingly dark color. In places nests of pyrite can be seen on freshly
fractured surfaces. In coming up the river from La Framboise’s to
this place we see a gradual change in the color of the gneissic rocks
from a reddish to a prevailingly dark gray, a change from the gran-
itoid structure to the gneissic, a disappearance of the augite-bearing
rocks lean in basic minerals, and the appearance of nonaugitic gneisses
in which both hornblende and biotite are abundant. The foliation of
these rocks in all its contortions can be seen on the surface wherever
weathering has not so corroded it that part of the constituents are no
longer visible. The railroad cut at Morton shows a fresh surface. The
accompanying figure (fig. 5) was taken from the west side of that cut.
Attention may be called to the coarsely crystalline masses of pegma-
tite which are rather thickly distributed throughout t