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Meq. A very dark-gray diabasic rock, of rather fine grain. 

Mic. The section shows a somewhat aHered diabase, quite similar to some of 

the preceding (Nos. 717 and 7L9). Secondary quartz is common. 

One section examined. 

A.r;e. Cabotian. u. s. n. 

No. 721. DIABASE (with qum·tz (t1ul lW1·nblenele) . 

A north and south section was taken of the steep, northward facing hill 250 feet in hight, which is crossed 
by the portage between Gunflint and Loon Jakes. The section was mado a little east of the portage trail and 
was thus near the eastern sides of secs. 23 and 26, T. 65-3 W. Rooks Nos. 721- 727 come from this hill. o. 721 
forms the top of the hill and is seventy-five feet thick . 

Ref. Annual Report, ix, page 81; Annual Report, x, pages 86, 87; Bulletiu ii, page 75. 

J[('g. A dark-gray rock, of medium grain, and thus somewhat coarser than the 

preceding diabases. It is composed of gray feldspar and black minerals, amongwhicb 

are magnetite and hornblende . . The feldspar has a tendency to a flattening and 

elongation in one plane, gi ving a semblance of a platy texture to the rock. 

MiG. M. E. Wadsworth's description of this section is as follows:* 

" A dark-green section, composed of partially altered augite, diallage, feldspa1', 

1IIagnetite, and secondary quartz, biotite, h01'nblenrle, vi1'idite, and apatite. The section 

is stained in places yellowish from ferric oxide. ,],he pyroxene is altered along its 

edges and even often throughout its interior to vil'idite, biotite and hornblende 

(both green and brown). 'rhe alteration extends generally along the cleavage 

planes, which in the diallage appear to be produced from a change in the common 

augite. The feldspar is kao]jnized and contains quartz and other secondary minerals. 

The rock, mineralogically, could well be pronounced a hOl'l1b]end~-biotite-granite 

hearing accessory pyroxene, although it is evidently an altered basalt of the gahhro 
01' diabase type." 

One section examined. 

A,qe. Uabotian. 

No. 722. DIABASE (with qn((il'tz (mel ho'rnblencle) . 

F'rolll about half way down the perpendicular portion of the blufl'. Same local ity as No. 7~1. 
Ref'. Annual Report, ix, page 81; Annual Report, x, page 86; Bulletin ii, pages, 115, 116. 

U. S. G. 

J[e(j. A dark-gray rock of fine grain, composed of feldspar and black minerals. 

Pyrite is quite common. 

Jfir. M. E. Wadsworth's description of this section is as follows:t 

"1'11e section is similar to those of Nos. 716 and 719, a,nd it still shows in 

polat'izet1 light its original structure of divergent felc1 pars with the interstitial 

portions of pyroxene, etc. But the section is now largely composed of secondary 

minerals, such as c/d'J1'ile Ilil'idit(' In'otile (fI({(l'tz, 1I/(((IIIPtite, /t ()),I1/;/ende) etc., "vith , , , 1. .1 

"Bulletin ii , p. 75. 
tBulieti/t ii, p . 115, 
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kaolinized feldspar and some (lugite. In places it shows aggregations of secondary 

magnetite, with their interstitial portions filled with biotite, which is also an altera

tion product. rfhese forms simulate closely the appearance of a mineral partially 

d'e, troyed by the molten magma, instead of being what it actually i. - a mineral 

(biotite, holding magnetite) in the process of formation. The augite, when altered, 

leave dirty gray cloudy grains and mas es resembling 1('urn.H! lI e, while in the miclf;t 

of . 0111e of the quartz, chlorite, yiridite, etc. , are to be seen dELrk orange red and 

yellow secondary granules resembling t if({ 17 ile. rfhey are translncent i.Lnd an isotropic. 

Attil/olife and apatite needles are not ullcoillmon." 

One section examined. 

Age. Uabotian. 

o. 723. DIABASE (10illl (j1WJ'/ ;;' ((w7 llO?·}Lulenrle). 

From near the bottom of the perpendicular part or tho bl uff. Same locality as -;\[0. 72l. 
Ref. Annual Report, ix, page 8lj Annual Report, x, page 86. 

U. t\. G. 

Jieg. A fine-grained, dark, greenish-gray diabase, showing some pyrite and 

ch alcopyri teo 

Mic. The section shows :1 diahase more altered and finer grained than Nos. 

721 :1nd 722, but still of tbe S:1me geneml type and from the same rock mas .. 

One section examined. 

Age. Cabotian. 

No. 724. DIA BARE. 

Ono foot lower in tho blufl' thDn No. 723. Same locality as No. 72l. 
ReI. Ann ual Report, ix, page 8] j Annual Report, x, page 87. 

Meg. A fine-grained, very dark, greenish-gray diabasic rock. 

U. H. G. 

Mic . The section hows a rock similar to, but much more altered than, No. 723. 

Mrtgnetite is abundant, and is in rods, feather-like and grating-like forms . Pyrite ifl 

·ommon. 

One section examined. 

Age. Cabotian. 

No. 725. DIA]~ASK 

Six inches lower than No. 724. Same locality as No. 7:ll. 
H."j'. Annual Report, ix, page 8lj Annual Report, x, page 87. 

Meg. Similar to, but finer grained than, No. 724. 

U. S. G. 

1I1i(·. Another fine-grained, much a.Jtel'ec1 dialmse, in general similar to No. 724. 

One flection examined. 

A [JP. Cabotian. 

RelJl({)'l.;. 'fbis rock represents the finer grained lower part of the large diabase 

sill which f01'111s the ridge between Gunflint and Loon lakes, and of which Nos. 721 



ano 

G. 

i~J. 

G. 

PETROGRAPHIC GEOLOGY AND DESCRIPTIONS. 513 
Slate . ) 

to 725 are samples. The. e sills, as far as examined, always show a much finer and 

llsually more altered lower side, and in the field there is some difficulty in distinguish

ing tbis lower portion of a sill from the immediately underlying, almost black, slaty 

rocks which ba"e been somewbat altered by the diabase contact. There is, however, 

110 "transition" between the diabase and the slate, as is 'een by an flxamination of the 

thin sections, and usually one who is accu tomed to these rocks can clistingnish the 

two within an inch of the contact; and frequently the exact contact line can he 

determined. 

Quite a number of Rpecimens from the diabase sills (Logfl.n Rills) of the 

Animikie in Cook county bare been collected. Among these m'e tbe follOl·ving from 

tbe vicinity of Uunflint lake: os. 30~, 709, 710, 717 to 725. u. s. G. 

No. 72Q, SLATE. 

A foot lower than NO.72:')' SalUe locality as No. 721. 
HeJ. Annual Report, ix, page 81; Annual Report, x, page 87. 

],ffg. A fine-grained, earthy, yellowish-gray slate. A little pyrite is present. 

Mic. rrhe most noticeable feature of the section uncleI' a low power is the 

presence of numbers of clark spots which are of rather irregular, though approxi

mately circular, outline. They are fairly uniform in size and ~LVerage a little less 

than .1 millimeter in diameter. Under a high po\vel' these spots are . een to he 

1110re irregular in outline, and they are not very sharply marked off from the rest of 

the rock. The secbon is composed of a very fine-grained aggregate of qllCll'tz , possibly 

some f eldspa1', /i1U'<;cOl' ite, chloJ'ite, pi/J'ite, magnetite, a.nd probably some carbonaceous 

material. The iron ores are the largest grain, in tbe rock. The clark spots are seen 

to be aggregations of the opaque minerals of the rock and chlorite, quartz and 

muscovite being in small amount or lacking entirely. Much of each spot is made 

IIp of minute black specks which are quite probably of carbonaceou. ' material. 

One section examined. 

Age. Animikie. U. 1-4. G. 

No. 727. SLATE. 

F'our feet lower than No. 726. Same locality as No. 72l. 
Ref· Annual Report, ix. pages 81, 82: Annual Report, x, page 87. 

,lleg. A slate similar to No. 726, but darker colored. 

Mic. The. section is very similar to No. 726, but is even finer grained and does 

not show as much 1IIlIscol'ite.. Some yellow grains which appeal' to be ep idote are 

present. rrhe black spots are l1UlTI8rOllS, but average fully twice the ize of those in 

the section of No. 726. 

One section examined. 

Age. Animikie. 
34. 
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Rema11c. These two rocks (Nos. 726 and 727) are parts of the black slate member 

of the Animikie. Their spotted ness is probably due to the metamorphosing action 

of the great diabase sill above them. U. S. G. 

No. 728. GRANITE (with h01'?~blencZe). 

From the island in Saganaga lake which is nearest the entrance of the international boundary stream. 
Near the centre of the E. ~ ~ec. 4, T. 66-4 W. 

R ef. Annual Report, x, page 88. 

Meg. A coarse-grained, light-gray, granitic rock, composed of white to pinkish 

feldspar, quartz and hornblende. Some of the white feldspar is plagioclase. A little 

biotite is present. 
Mit. The section shows the hypidimorphic-granular texture, the plagioclase 

feldspar and the homUlende having a tenden.cy to assume crystal outlines. The 

minerals are feldspar and qua'rtz in large amount, hornblende in smaller amount; 

also small quantities of chlO1'ite, epidote, magnetite, apatite, sp l, ene a.nd brownish altera

tion product which is perhaps limollite derived from pyrite. 

rrhe feldspar frequently shows considerable alteration to agmy, almost opaque, 

kaolin-like substance. Frequently the centres of the crystals are mme altered than 

the edges. Some of the feldspar presents the aspect of oTtlt ocl({se, and some of it is 

finely twinned according to the albite law. The uniformly low extinction angles in 

these twinned grains indicate a feldspar near alwl'fllOclase or oligoclase. The quartz is 

frequently in areas of considerable size, but under crossed nicols these areas break 

up into several interlocking grains. '1'he hornblende is of the usual green variety., 

and chlorite and epidote are frequent secondary products from this mineral. rrhe 

latter mineTaI (epidote) is al 0 developed in small amount in the feldspar. There is 

one grain which appears like biotite altering to chlorite. No part of the grain is 

fresh characteristic biotite, and it is uncertain whether it represents original biotite 

or an alteration product from hornblende. 

One section examined. 

Age. Archean, probably of date between the Lower and Upper Keewatin. 

No. 729. GRANITE ( with chlo?·iie). 

From "Caribou narrows" in Saganaga lake, N. E. ~ N. E. ~ sec. 19, '1' . 66-4 W. 
R ef. Annual Report, x, page 88. 

u. s. G. 

Meg. A medium-grained, reddish granite, composed of feldspar, which is gray 

to reddish (usually the latter), quartz, chlorite and a little epidote. 

JJ1ic. The section show a granite in general similar to No. 728, but qllcwtz is 

not so abundant. The feldspar is Tather uniformly clouded and altered, but a consid

erable part of the feldspar is . een to be pZagior-Zase. The original ferromagnesian 

." leI 
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mineral, which was probably h01'1~b!ende, IS completely replaced by rhZo7'ite, calcite 

and a little epidote. 

One section examined. 

Age. Archean, probably of date between the Lower and Upper Keewatin. 

No. 730. GRANITE (with chlo?·i te). 

FroID tbe rapids between W est Sea Gull and Sea Gull lakes. Near tbe centre of N. E. ~ sec. 9, T. 65- 5 W. 
Ref. Annual Report, x, pages 88, 89. 

Meg. Similar to No. 729, but with more quartz. 

JIic. The section is similal' to the last two (Nos. 728 and 729), and orthoclase 

and plagioclase are both present. The original ferromagnesian constituent, which, 

judging from areas with ontlines of hornblende cross sections, was hornblende, is 

altered to chlor-ite and calcitf with some ep?·dol f. The chlorite is not a, green nor as 

abundant as in No. 729. 

One section examined. 

Age. Archean, probably of date between the Lower and Upper Keewatin. 

Rem CtTk. These three samples (Nos. 728,729 and 730) are good representatives 

of the mass of the Saganaga granite, which is a coarse-grained hornblende grauite. 

An analysis":' of a characteristic specimen of the Saganaga granitc-No. 686G - fl'om Saganaga lake (S. 
W. I{ N. E. X sec. 22, T . 66-5 W. ) i>: as follows : 

SiO z 69.34 
AI 20 3 17.25 
FezOs and F eO 2.46 
CaO 3.43 
MgO l.l8 
KzO .71 
Na zO 4.33 
H2O l.l7 

':l.'otal 9\).87 

This shows that the amount of le O IS quite small, and the rock is thus more 

properly called a quartz diol'yte, or perhaps a soda granite, for it is evidently from 

the alteration products of the hornblende that a large amount of the lime is 

contained in this mineral, thus leaving a smaller amount than would be thought 

from the analysis alone, of the anorthite molecule in the feldspar. u. s. G. 

No. 731. AMPHIBOLYTE. 

Soutb side of West Sea Gull lake, near the stream which flows from Frog R ock lake. ear the centre of 
the N . .li sec. 17, T. 65- 5 W. 

Ref. Annual Report, x, pages 88- 90, 93-96. 

Meg. A fine-grained, greenish-gray rock, rather soft, and having a few veinlets 

in which is some calcite. The samples are quite small and do not show any marked 
schistosity. -

' Made by Mr . A. D. M eds , ~as inspector of Minneapoli s. T wen tY-liI' st A /mue,l R I'PO)' /, p . 43. 



516 THE GEOLOGY OF MINNESOTA. 
[Amphibolyte, 

M· The section shows a mass of numerous, small, green hornblende flakes 
~C. ' 

which interlace with each other. They run in every direction through the section , 
but there is still a roughly parallel arrangement of a number of them, giving an 

indistinct schistose structure to the section. Under a higher power some of these 

hornblendes are seen to have fine twin lamell::e, which run parallel with the elonga

tion and cleavage of the hOl'nblende flakes. With the hOl'l1blende is some cldoJ'ite, 

and both of these minerals are set in a background of interlocbng, completely 

allotriomorphic grains of feldspar, and possibly a few grains of qua1·tz. The last 

named mineral was not determined with certainty, and perhaps does not exist in the 

slide. The hornblendes are included in the feldspars frequently and also pass 

through one feldspar grain into another. The feldspar is rarely twinned, shows 

almost no cleavage and is somewhat cloudy; its species was not determined. A few 

grains show indistinct fine albite twinning lamellm, which are usually not visible 

except neal' the point of extinction, and which have a closely parallel extinction. 

H,unning through the section, in general parallel to the more usual elongation of 

the hornblende, are some irregular, discontinuous, roughly lens-shaped areas which 

contain' a little ('((lcite and much of another mineral. These areas are evidently 

smaller forms of the veinlets een in the hand specimens. The mineral which makes 

up most of these areas was not determined. It is gray or colorless and has a finely 

granular appearance, although under cro. sed nicols it breaks up into irregular areas 

of considerable size. rrhe granular appearance reminds one of granular epidote, but 

tbis mineral has not the high index of refraction nor the strong double refraction of 

epidote. Its index of refraction is higher than the feldspar of the rock and its 

double refraction is more marked; the feldspar polarizes in grays of the first order, 

while this mineral is usually yellow or red and sometimes rea.cbes blue of the second 

order. This mineral is clearly biaxial. 

One section examined. 

Age. Archean, Lower Keewatin or older. 

Bema J'k. '1'his rock, and also Nos. 733, 734, 735 and 736, are parts of the 

.C greenstone" tel'l'ane which extends along the south side of the Sa,ganaga granite 

mass from ]!'rog H.ock lake eastward to within nearly two miles of Gunflint Jake, 

where it disa.ppea.rs under the Animikie strata. (Compare the map and report on 

t he Akeley Lake plate.) 'r11is tel'l'ane is of earlier date than the Saganaga granite, 

which cuts it, and i. th us as old as the Lower Keewatin . '1'here are also some facts 

which tend to :how tbat this c, greenstone" terra-ne along the soutllern side of this 

granite mass may he older than the Lower Keew~ttin, and thus belong to a pre

cla. tic series, i. e., to the" Archean" 01' Basement Compl ex, a.s t hese terms are u eel 

by the U. S. Geol. Survey. u. s. G. 
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Rell/((rk. In vol. iv, and elsewhere, all the greenstone older than the Ogishke 

conglomerate is classed in the Lower Keewatin, the oldest (and lowest) portion 

being considered as igneous. The granite of Saganaga lake cuts a greenstone, but 

it is not known whether it is the igneous, pre-clastic, portion, or the fragmental 

portion in which are found in general the jaspilyte masses of northeastern Minnesota. 

So far as known there is no rock in the state of older date than the igneous portion 

of the Lower Keewatin. In the case of this amphibolyte it is probable that it is 

derived from some portion of the Lower Keewatin, a metamorphic rock due to the 

granitic revolution which centred in the region of the Saganaga lake granite. 

(Compare Part I of this volume.) N. H. W . 

Found in vein·like forms in No. 73l. 
Ref. Annual Report, x, page 89. 

No. 732. APLY'l'E. 

Meg. A fine-grained, light, pinkish-gray, granitoid rock composed of quartz and 

feldspar. No section. 

Remarks. This rock is from one of the aplyte dikes which cut both the "green

tone" terrane (see remarks under No. 731) and the Saganaga granite. It is similar 

to No. 650G, which is from this same locality. U. S. G. 

No. 733. ANDESY'l'E (?) 

l~rog Rock lake. Exact locality not giyen, but quite probably from near the portage La West Sea Gull 
lake (sec. 17, T. 65-5 W.). 

Ref. Annual Report, x, page 89; Bulletin ii, page 119. 

Meg. A fine-grained, very dark, greenish-gray rock cut by veinlets which are 

composed mainly of epidote . 

.lIic. The section shows a fine -grained, somewhat confused aggregate ofj'eld

spar and green 110 1'nblende, with some epidote and chlorite. The feldspar is some

times in elongated, irregularly outlined grains and also in non-elongated grains. In 

places the elongated forms give the section a resemblance to a diabase in texture. 

l'he feldspar is much clouded ' and kaolinized and fine grains of epidote ha ve 

developed in it. It has no cleavage, and is very rarely polysynthetically twinned, 

thongh there are a few simple twins. 'rhe species was not determined, but a test of 
the rock powder wi.th hydrofiuosilicic acid showed that an abundance of sodium was 
present, considerable calcium and very little potassium. The hornblende i green 
and in small plates and fibres. The plates themselves show no well defined crystal 
outlines, and are usually fibrous around the edges. The rock perhaps represents an 
original anc1esyte. The minerals, except possibly the feldspar, are secondary, and it 
may be that this mineral and the whole texture of the rock are secondary also. 

One ection examined . 
.1qe. Archean, Lower Keewatin or older. u. s. G. 
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o. 73.J. A I DES YTE (with h01·nblencle ). 

::srear the :;ame pla ce as No. 733. 
Ref. Annual Report, x, page 89; Bulletin ii, page 1:27, plate XI , tlgure 2. 

Meg. A fine-grained, greenish-gray rock, containing a few porphyritic crystals 

of white feldspar and of hornblende. 
]fic. The section is quite similar to the preceding (No. 733) , but that section 

IS not porphyritic. The porphyritic feldspars are considerably altered, but are 

clearly plagioclase. The porphyritic homulencles are sometimes fibrous and some

times compact, but do not ha ve sharp crystal boundaries. Some of these hornblendes 

are bro'wnish in color, and there are narrow green rims around some of them. Zonal 

tructl1l'e, aside fro111 the rims, is also see.n, and the ends of even the compact grains 

are more 01' less fibrous. An area of calcite was seen. 

Two sections examined . 

Age. Archean, Lower Keewatin 01' older. 

No. 735. GABBRO. (Alte1·ecl.) 

Falls at the ouUet of E rog Rock lake, near the centre of sec. 17, T. G5-5 W. 
R ef. Annual Report, x, page 89; Bulletin ii, page 1:20. 

U. S. G. 

][eg. A medium-grained, gray rock, looking like a dioryte. The minerals are 

white feldspar, a greenish-black mineral and a little pyrite. 

]Iic. M. E. Wadsworth's description of this slide is as follows:* 

"rrhe section is gray and of a granitic structure . . It is composed of gray, gran

ular, altered feldspars, with crystals of partially altered augite. 

" The augite is partly replaced by umlite, chlorite, etc. Some quaTtz, epidote and 

colorless mica plates were seen." 

One section examined. 

Age. Archean, Lower Keewatin 01' older. U. S. G. 

No. 736. ANDESYTE (with homblencle). 

From ·an island in Frog Rock lake, about half a mile southwest from its outlet; N. W . ~ S. W. sec. 17, 

'1' . 65- 5 W. 
Ref. Annual Report, x, page 89; Bulletin ii, pages 125, 126, plate XI, figure 1. 

... "4feg. A fine-grained, greenish-gray rock, with small porphyritic hornblende 

crystals. 
M:ic. M. E. VVadsworth's description of this section is as follows :t 

"The section has a greenish groundmass holding yellowish-green and greenish 

pseudomorphs after pyroxene and perhaps hornblende. The pseudomorphs are 

composed chiefly of h01'nUlendp, Tn'oWe and epidote. One twinned cry tal, apparently 

'" Bulleti,. ii , p. 120. 

t Bulle/in ii, p. 126. 
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origillally of rhombic and monoclinic pyroxene, has been altered to yellowish hol'll

blende with the dichroism varying from peLle yellow to yellowish green. This shows 

the cleavage of hornblende while the prismatic planes are those of pyroxene. See 

plate XI, figure 1. 
"The pseudomorphs how, as a rule, regular forms, but the chlorite, hornblende, 

l1nd epidote also occur in il'l'egular masses scattered through the gronndmass and are 

formed from the molecular aggregation of their material from the gl'OUndmeLss and 

not from any direct pseudomorphic process. 

"The epidote is ::tbundant, and the groundmass of this section is composed of 

tabular altered feld p::tr (largely plagioclase) in a firmer gronndmass of felty material, 

colorless mica and chlorite scales, epidote, microliths and grayish altered magnetite. 

The feldspars are mai.nly changed to chlorite and colorless mica scales, while the 

mica, in quite large plates, is associated with the epidote. 

" The original condition of this rock was apparently that of an andesyte of the 

allgite·andesyte type, and in its altered condition it is now best classified as a por
pbyryte, or, if preferable, a hOl'lleblende porphyryte or even a di.oryte. 

"The analysis given below, made by professors Dodge and Sidener, of this rock, 
shows that chemically it is the same as an altered basalt, and hence it may be that 

my reading of the microscopic physical characters is incol'l'ect, if one was to be 
governed by the chemical composition alone in deciding." 

Si0 2 

AI 20 3 

Fe 20 3 

l~eO 

CaO 
MgO 
:'01 a 2 0 
l{20 
H 20 

Total -

One section examined. 

Age. Archean, Lower Keewatin 01' oldel'. 

No. 737. CONGLOMERATE. 

4.n.65 
16.36 

4.39 
7.19 
n.18 
8.00 
2.49 
1.17 
2.39 

100.82 

U. S. G. 

"A talcose 01' chloritic rock, having a coarse perpendicular schistose structure, from the rapids between 
l?rog Rock and Town Line lakes, northwest from l!"'rog Rock lake. This is conglomeritic, some of the pebbles 
being six inches across, and like the gray amphibolyte (No. 731). There is in it also considerable pyrite. The 
p~~bles are rounded, and are intimately connected with the matrix. There may be thirty feet of this here 
VISIble, including that below the water and above. There seems to be a south dip of about 10° to 15° . The 
aspect of the country changes at once on entering on this conglomerate. There are no bald rock hills to be 
,een around the Town Line lake, but the trees grow all over the rock a nd down to the water." . W. % S. W. 
~ sec. 18, T. 65-5 W. 

Ref. Annual Report, x, pagel; 89- 91, 95; Bulletin ii , pages 121, 122. 

Meg. The few pebbles seen in the hand sample are of "greenstone;" the matrix 

varies in color from green to pinkish gray, is rather soft, fine graiued, and somewhat 
schistose. 
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Mic. M. K 'Wacbworth's description of this rock is as follows: * 

" The section is grayish green and composed of fragments of old basaltic rocks 

(melaphyr) with some probable anclesyte fragments, and a few of other rocks. The 

hasic el'Uptive material retains its structural characters but has its base and ground

ma.ss altered to a confused fibrous and scaly plexus of green chlorite and colorless 

micaceous minerals with magnetite dust. The porphyritically inclo ed feldspars in 

the melaphyr and andesyte fragments are largely altered to colorlef's micaceous 

smLles, but still retain their plagioclastic characters, distinguishable in polarized 

light. Chlorite, in plates, is also common. Considerable qU((}'tz was observed in the 

rock mass and in larger grains, but it is doubtful if any of the grains are original, 

but are rather formed by the secretion of silica during the process of the rock 

altenLtion. :JIuch P!JJ'ite of secondary origin and a small fragment of jasper were 

seen. There OCCLlrs, as an alteration product, in the section, some microliths and 

radiating small bluish or brownish crystals. They are genel'a,lly associated with 

C]u(1,rtz or pyrite ~LS the nucleus for radiation, l:md are uniaxial, negative, vCLrying in 

dichroism from a greenish blue to a brownish yellow. rrhey m'e here referred to 

to/II·I//({Zill e. This minend is not gi ven in Prof. Winchell's li ·t of minemls found in 

nlinnesota, published in the aunualreport for 18S2, and no mention is l1liLde of it in the 

index to Irving's Copper-Bearing Hocks." Two sections exal1lined. 

Age. Keewatin; quite probably Upper Keewatin. u. s. G. 

Bell/ad;. It is, of COUl'se, almost impossible to decide from the hand scLl1lple and 

t he sections whether the matrix of this rock is a volcanic tuff or whether it is 

fragmental material deri ved by erosion and decay from the terrane of " greenstone" 

immediately adjoining (see remarks under No. 731). Either origin is possible, but. 

from the fact that only a short distance to the northeast (West Sea Uulllake) and 

also to the southwest (Ogishke Muncie lake) a true conglomerate is found, which 

is clearly younger than this " greenstone" terrane, this rock is here called a conglom

erate. ,Ve see no reason why some of the quartz grains in the rock may not be 

fragmental grains, dating from the deposition of the rock 

'roUl'maline has ince been found at other localities in the state, a in the granite 

at Koochiching falls on the northern border of Itasca county (No. 1030G);-t also in 

Nos. 773, 1525A, 2162. u. s. G. 

No. 738. CONGLOMERATE. 

Neal' the nor thea:; t end of Ogi 'hke Muncie lake ; probably in N. W. )( S. E. ~ sec. 13, T. 63-6 W. 
Ref, Annual Report, x, pages 90, 91,95; Bulletin ii, pages 122, 123. 

kleg. A light-gray rock, containing much quartz and feldspar and also small 

fragments of different rocks. 

*Bulletin ii , pp. l :?l, 122. 

t Ao N . WINCHELL: Amer ican Geo log ist, vol. xx. p. 2fl6. 



G. 

PETROGRAPHIC GEOLOGY AND DESCRIPTIONS. 521 
Tuff. S\:de.j 

JIic. M. K Wadsworth's description of this rock is as fol J ows~* 

" A gray, fntgmental, much indurated l'ock, containing Ijnal'tz grctin . and many 

small pebbles. It resemble a consolidated sandstone. This belongs more properly 

with the schists and scwdstones, but is described here on account of it connection 

with 0.73\). The section is apparently a transition specimen between one composed 

of basaltic material and one com posed of granitic and felsitic (q uartz-porphyry) debris. 

'fhe major part of the section is nude up of quartz and feld par fra,gments, with 

l'oundedmasses of felsyte (quartz-porphyry) and some fragments of argillyte and 

melaphyr. pYJ'ite is common. '1'he same alterations have taken place in melaphyr 

and feldspar as before described, while the felsyte groundmass is di versified into a con

fused granular mixtme of quartz, feldspar, micaceous and chlorite scales. The quartz 

and feldspar fragments are apparently from a granite." 

Oue section examined. 

Age. Ogishke conglomerate, at the base of the Upper Keewatin. 

No. 739. TL·l~l~. (Volc(~nic.) 

Ogishke Muncie hike; probably in N. W . 14 ,;ee. :2:1., T. G5-6 W. 
Ref. Annual Report, x, page DO: Bulletin ii, pages 122, 123 . . 

U. tl. G. 

JJeg. "A dark, greenish, compact, felclspathic groundmass, with greenish mate

ria.l cattel'ed irregula,rly through this gl'OUndlllass. A few lath-shaped feldspars also 

OCCLlr in the groundmass." 

JIic. M. E. Wadsworth's description of this section is as follows :i' 
"The section is composed of rounded and irregular rock fragments with their 

cementing debris. So far as the character of these fragments can now be ascertained, 

tbeyappear to be basaltic (melaphyr) with some probably more acidic ones. The 

p!JI"Ol'ene has been entirely altered to chlurite, and the feldspar largely to chlorite and 

colorless micaceous scales, but the triclinic character of many of the crystals is still 

distinct in polarized light. Much pyJ'ite in grains is to be seen, while the ground

mass is changed to chlorite and colorless micaceous scales with quartz." 

There is also a considerable amount of a carbonate, which shows at times a 

quite noticeable absorption- sicle7 'ite, probably. 

One section examined. 

Age. Keewatln. 

No. 740. SLATE. 

North ,;hore of Ogishke Muncie lake; probably in N. W Usee. 24, T. 65-G w. 
Ref· Annual Report, x, pageR 91, 93, 94. 

Meg. A fine-grained, dark-gray, clay slate. 

' Bulletin ii, pp. 122, 120. 
tBulielin ii, p. 122. 

ll. S. G. 
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llIif. A very fine-grained aggregate of CjwlI'lz, probably some feldsjJ(l1', I'hlO1'iie, 

Jnu scovite, epidote, pYJ'ite and other opaque grains. Scattered through the section are 

angular quartz grains of considerably larger size than the main mass of the minerals. 

One section examined. 

Age. Keewatin; probably pper Keewatin. U. S. G. 

No. 7-n. Gr-we. 

Same locality as No. 740. 
R ef. Annual Report, x, pages 01, 93, 94. 

Jley . A fine-grained, gray grit made up largely of quartz and feld spar. 
Mic. The section is composed largely of quartz and feldspaJ' grains. The 

quartz is in sharply outlined, angular, sub-angular and sub-rounded grains; those 

which show rounding are, however, not common. The feldspar grains are less dis

tinct than those of quartz, and are much clouded and altered to a kaolinic mass, which 

material, also at times, extends bet.ween the different grains of the rock. Calcite is 

common; chloJ'ite and pyrite also occur, and there are a few small rock fragments 

probably of quartz-porphyry. 

One section examined . 

Age. Keewatin; probably Upper Keewa,tin. lJ. S. G. 

No. 742. DIABAtlE. 

A dike cutting the cong lomerate of Ogishke Muncie lake; N. W. 74 N. E. 74 sec. 26, T. 63- 6 W. This dike 
is ten feet wide, and it strikes 10° south and east. 

Ref. Annual Report, x, pages 91, 93. 

iller;. A fine-grained , dark, greenish-gray diabase. 

~Mic. In texture the section approaches a gabbro, but is still to be referred to 

diabase. The chief minerals are plagioclase, augite and magnetite. In general the 

first mineral is decidedly kaolinized, although in places it is quite fresh. Equal 

extinction angles in sections normal to 010 are as high as 29°. The augite is altering 

to 'U1'alite and chlo1'ite, and in these alteration areas is a little secondary qUCl1·tZ. 

Apat'ite needles occur and are especially common in some of the alteration areas. 

A little pyTite is present. 

One section examined. 

Age. Probably Keweenawan. 

No. 743. S CHIST. (C'alca1'eoH8.) 

N. E. 74 N. E. 74 sec. 26, '1'.65-0 W ; near Ogishke Muncie lake. 
Ref. Annual Report, x, pages 91, 95. 

Meg. A roughly schistose, rusty weathering, soft rock which effervesces rather 

readily with cold hydrochloric acid. It is fine grained, but in places is distinctly 

crystalline like marble. 
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Jlic. rrhe section is composed essentially of a carbonate which is much clouded 

and semi-opaque. In places it shows absorption. On treatment with hydrofiuosilicic 

acid numel'Ous crystals of the silicic fluoride of calcium appeared, together with quite 

a n~lmber which are characteristic of either magnesium or iron compounds. 'l'he 

rock is composed largely of calcite, with considerable FeCO a and also, very probably, 

some MgCO a ' In the section is an irregular vein of irregularly interlocking grains 

of quartz, which is somewhat clouded. On the sides of the vein the quartz is much 

finer grained, and it commonly shows undulatory extinction. The vein thus appears 

to have been crushed. 

Oue section examined. 

Age. Keewatin. 

No. 744. CONGLOMEIiATE. (lJIClt'J'i:r.) 

ll. S. G. 

Campers' island in Ogishke Muncie lake. This island is just west of the narrows of the lake in sec. 23, 
T. 05-6 W., and is near the centre of S . ;"f S. ~~ of this section. 

Ref. Annual Report, x, pages 91, 92, 95; Annual Report, xvii , pages 194, 205; Bulletin ii , pages 128, 129. 

llIeg. There are two varieties of specimens with this number. 'l'he first W(1S 

collected in 1879 and there may have been some mistake in numbering the speci

mens, for they do not represent the main characters of the matrix of the conglom

erate on Campers island. M. E. Wadsworth examined these specimens and slides, 

calling the rock porodyte; his description is as follows:* 

"A fine-grained, greenish rock of a compact structure and conchoidal fracture. 

Contains some pyrites. The sections are grayish green and composed of altered 

ftndesitic fragments. This andesyte was originally made up of tabular plagioclastic 

f eldsp(t1·s in a fine felty groundmass. The feldspars and groundmass have now been 

altered to an aggregation of chlo1'ite and colorless mica scales, secondary f eldspal', 

magnetite and pY1'ite. The feldspars retain their forms and sometimes traces of twin

ning. The colorless mica is, in this section, in larger scales than those before seen, 

and it possesses the cleavage and optical characters of muscovite, to which mineral it is 

here referred." 

The other specimens were collected several years later and they represent the 

main mass of the matrix of the conglomerate of the island. These were taken from 

the north side of the blunt point at the southwestern corner of the island, where 

there are extensi ve exposures. These specimens show a rather coa rse-grained, gritty, 

gray rock which is 'p lainly fragmenta1. Some of the component grains are well 

rounded, and this is usually the ca~e with larger pebbles contained in the matrix. 

Tbe most noticeable grains of the rock are quartz and feldspars, and small flinty frag

ments are common. - "B ulletin ii, pp. 128, 129. 
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}'Iic. The section is composed of fragments, both of minentls (md rocks, of 

various l.;:inds. The fragments are sharply angular, but more commonly sub-angular, 

and some are partly rounded. The well ronnded grains so common in ordinary 

scLildstones do not occur. Of t he minerals Quartz and /elchpClr are abundant. ~l'he 

fonner is the usual granitic qU(1,rtz and the latter is considerably clouded and 

kaolinized. Much of the feldspar is p7agioclase, which is commonly acid rather than 

basic. The following minerals are also present: calcite, muscovite, epidote, spli ene, 

zo i;;ite, chlo1'ite and almost colorless, fibrou. amphibole. Among the rock fragments 

may be recognized those of andesyte, apparently devitrified rhyolyte , graywacke, 

jaspilyte and possibly carbonaceous slate. 

Three sections examined. 

"l[/e. Ogishke conglomerate at the base of the Upper Keewatin. 

No. 745. SLATE. (Siliceous.) 

N. K ~ sec. 2G, T. 65 G W. ; ncar Ogishke Muncie lake. 
Ref. Annual Report, x, page 92. 

U. S . G. 

11Ieg. The hand specimen is a slate which shows (L number of bands of finer 

and coarser grained material. The rock i hard and very dark gray in ·color, hut 

weathers much lighter. Some of the band. contain quartz grains large enough to 

be seen by the unaided eye. In addition to an imperfect slaty cleavage parallel to 

the bedding, the rock shows much fracturing and some minute faults. 

11Jic. The slide shows a fine banding, due to the concentration of the darker 

particles of the rock into bands which are not very sharply defined. The rock is 

made up of a very fine-grained aggregate of qua1·tz, possibly some /eldspa1', chlorite, 

opaque substances, calcite and muscovite. A little epidote is present. The opaque 

substances appear to be ma,qnetite, li ematite and other material which is gray in 

reflected light. A few quartz grains, much larger than the usual grains of the rock, 

are seen. 

One section examined. 

Age. Keewatin; probably Lower Keewatin. 

Rema rk. From the field notes it seems quite probable that this rock is part of 

the Lower Keewatin lying unconformably below the Ogishke conglomerate. The 

reasons for this inference are the presence of the conglomerate, the abrupt change in 

strike, and the non-slaty and non-fractured condition of the conglomerate when com

pared with the slate. The field notes are as follows: * 

" There is a sudden change in the direction of the strike of the rock of the 

country, in N. E. :1 sec. 26, from nearly east and west to north and south. At the 

shore on the peninsula, in section 23, it is the same as the slates genemlly seen in 

*7'enth A "nual R epo,·t. p. 92. 
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the Huronian in this part of the state, but after passing tIle valley in which are the 

calcareous chi t and the marble, it is north and south. That the change j some

what sudden is hown by the fact that the bed running north and south are fleen to 

cea e abruptly, and to be replaced by the conglomerate in a number of places. 'rIle 

conglomerate in these case is, so far as eeD, ratber finer than the average." 

u.~. G. 

O. 74G. LnVIES,],ONF.. (i-mic('o/Is.) 

Associated wiLh No. 74:1 
Ref, Annual Report, x, pages 91, 97; Annual Report, xv, page :17] j Annual Repor!., xI'i, pag-e 9iJj Bullc1 in 

I'i , page 17. 

Jle,fj. A very fin -grained, gray marhle. Tt 1m.s he en con. i lel'ably Jis urecl and 

rementecl,larO'ely by quartz, and from the bl1rdness of the rock one would think that 

Ane-grained quartz was dis. eminated all throngh it. 

Mic. The main part of the rock is rom po. ed of very fine-grained, gray !'a/cite 

with a little Ijllartz also in minute grains. Larger gnLins of calcite are, however, also 

pre eut. rfbe rock appeal' to have been cru hed, and the fine grain of the calcite i. 

probably due to the cru bing. There are al, 0 numerous fissure in the section. The 

smaller fi sures are filled in with calcite, which is more transparent than that of the 

main rna s of the rock, and the larger fissure. are filled by both calcite and tluartz. 

rfwo section. examined. 

Age. Kee'watin. 
No. 747. FLINT. 

s. w, ~ S. K 14 sec. 26, 'r. 6.) 6 \\T,j ea -t shore or Ogi,.;bke Mllnci' lake. 
Ref. Annual Report, x, pages !'l2, H4. 

Meg. A hlack, very bard, aphanitic 1'0 ·k. 

U. ::>. O. 

jJIir. The mo t noticeable featme of the'ection i the pre enre of numerous, 

HUlall, irregularly outlined pots wbich are of darker color than tbe rest of the rock. 

These spots at times show a slight absorption, and Llnder cros ed nicols they polarized 

like carbonate. They are probahly largely sir/Nile. Aside from tbese pot the. ec

tio]) is made up almost entirely of cry ptocryst.alline silic:1, with considerable opaque 

dust-like material. 

One 'ection examined. 

Age. Keewatin. 
r o. 74 '. SLATE. (Calwreolls.) 

Portage between Ogishke Muncie and Dyke lakes; N. W. 1'4 s. W. ~ scc. 27, T. G.) G W. 
Ref. Annual Report, x, page 93. 

LT. . c:. 

Meg. A fine-grained, slaty rock, greenish-gnLY to black in color. One ~ ide 

HiJowH a black, appareutly Cal'bOlmCeOLls layer. ' ,VitlJ cold hydrochloric aciel tlJe rock 

e[erve ces rather freely, 

• 
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Mic. 'fhe section shows a very fine aggregate of qUCl1'tz, chlorite, muscovite and 

dust-like material. Considerable calcite is present, and this is usually in larger 

grains than the other minerals. A few 1'IItilp needles are present. 

One section examined. 

Age. Keewatin. U. S. G. 

No. 749. DIABA SE. 

ll'rom a dike cutting No. 748. ~[,hi . dike runs north and ,'ollth and is thirty to forty feet in width. 
R ef. Annual Report, x, page 92; Bulletin ii, page 117. 

Mer;. A medium-grained, dark-greeni flh rock evidently containing much horn

blende. 
}./ir . M. E. Wadsworth 's description of this rock is as follows:* 

" The section shows the usual structure of altered diabases, and is composed of 

divergent, quite largely altered / eldspa1's (plagiocla. e), with the interstitial altered . 
({/tt,c;ite, magnetite and secondary vil'idite, cltlm'iie, uwtite, hornblende, etc. The mag-

uetite is associated with lellroJ'ene and yields on measurement the same angles as that 

seen in No. 758." 

One section examined . 

../1gr. Probably Keweenawan. 

No. 750. CONGLOMERA'rK 

North side of Dyke lake ; N. E. ~ S. E . ~ sec. 28, T. 65-6 W. 
R ef. Annual Report, x, pages 92, 95; Bulletin ii , page 122. 

U. S. G. 

Jl£eg. A gritty, greenish rock, resembling No. 744. Two rounded pebbles of 

considerable size, one of " greenstone " and the other of white flint, or jaspilyte, are 

present. 
'Afic. M. E. Wadsworth's description of this rock, which he included under the 

term porodyte, is as follows:t 

"'fhe sections are composed of fragments of diabase, melaphyr and quaJ'tz, with 

interstitial material composed originally of their debris. One of the melaphyr frag

ments, evidently, was nearly in a glassy state in its original condition. The non 

quartzose material retains its structure largely, but beyond this it has been altered 

to tliL01'ite and colorless micaceous scales. The feldspars retain their outlines, but 

are entirely filled with the colorless mica scales, and show aggregate polarization. 

P!/i'ite, in striated cubes, is very abundant as a secondary constituent of the rock. 

rfhe quartz probably came from some granitoid rock." 

Two sections examined. 

A.r;e. Ogi. hke conglomerate at the base of the Upper Keewatin. 

* BIIIlf'liu ii , p. 117. 
t J1u/lelili ii , p. 122. 

U. S. G. 
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No. 751. POl PHYH,YT J ~. (iio?'11blencle. ) 

Mallmann's peak; S. E. 14 sec. :30, T. 65- 6 W. (Sec " Remark" below.) 
Ref. Annual Report, x, pages 02, (l:l; Bulletin ii, pages 124.,125, plate X, figures 1 and 2; Annual Report, X\', 

page 367; Annual Report. xvi, page 107; Annual Report, xvii , pages 194,196; Annual Report, xviii, page :i:1j 
Annual Report, xxi , pages 1:), 55 5 . 

.lIf,r;. A very fine-grained, compact, purple rock, howing numerou , mall, 

porphyritic cry tals of hornblende sometime associated with chlorite. 

Mic. M. E. Wadsworth' description of this section is a follows:* 

" A greenish-gray, porphyritic rock, having a compac.t, greeni h-gray or brown 

base, holding porphyritic inclusions of hornblende and augite. 

'The ection has a greeni h-gray groundma ,holding yellowish-hrown cry 'tals 

of hornblende, epidote and greeni h pseudomorphs of chlorite. The liorn!Jlenr7e is of 

the usual foreign character in the ande itic rock:;;, having been attacked by the molten 

magma, which ha torn and eaten into the hornblende, that has its edge, blackened 

and rendered magnetic by the heating and cOlToding effect.. Some of the hol'l1-

hlendes here have be n broken and faulted and blackened on the broken. ide, others 

retain only a mall portion of hornblende in the interior, while others are reduced 

to a. heap of opacite 01' il/ognetite grains. The chloritic p eudomorphs are composed of 

plate and. cale of (' /dol'it e with some epidote, but whether they are p eudomorph 

after hornblende 01' ((Ilgitf', the writer cannot determine. '1'be epidote i in small 
crystals and cry tal aggregation. of pale yellowish color, with pleochroism varying 

from colorIe to pale yellow and to a deeper yellow. The epidote is here an altera

tion product, and i. commonly associated with the chlorite. 'rhe groundmass is 

altered and is nm·" compo ed of chlorite scale.', p~Lrbally altered augite microliths 

and gra.nules, magnetite grains (disseminated throughout the entire gl'oundmass ), 
feld par, microlith, ,fibrou ma,terial , etc., all replacing the u ual felty base of the 

andesytes with it enclo ed mineral Here the augite, feldspar and magnetite are 

original, and the re t econdary. 
"So far as the writer is aware, no other rocks belonging to the ande ytes have 

been heretofore recognized in Minnesota, 01', indeed, about lake Superior, except one 

described by the writer in lSSO,t as none of tbe diabase-p0l'phyryte 01' quartzless

porphyries of Irving appeal' to belong to the andesyte" 0 far as can be told from hiR 

cle,'cl'iption, unless it be that from tannarc1's rock. 
'·Prof. . ll. Winchell ha indeed ob el'vec1 the peculiar character of this rock, 

,'tating in the annual report for 1 1: ' Thi rock is a peculiar porphyry. The ground

mass i amorphous, and the disseminated cry tals are hornblende. It is unlike 

anything before seen.' (Page 93.) 
"The rock itself is an altered and old andesyte of the variety known as porphy

l'yte or hOl'llblende-porphyryte amongst lithologists. 'This a.nde yte, in its original 

' JI"I/{·tin ii, pp. 124 , 12.5. 

tUeology of the Uupve1' and I1'ull dist1'ids ur lake Sll\)(,1'io1', \880. 
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condition, wou ld be caned hy most lithologists a hornblende anclesyte. Plate X, 

figures 1 and 2, show the general characters of this rock with its porphyritic structure. 

The hmnblende grains on the left in figure 1 have been faulted by the action of the 

magma and partia'!l}' corroded. This is shown by the cleavage lines and in the upper 

form by a twinned band seen in polarized light. In figure 2 the corrosion of the 

hornhlende by the magma is shown, wllile the line of magnetite grains in the upper 

hornblende shows the miginal outhne. rrlle lower hornblende has an interior core of 

the groul1clmass. rrhis is not owing to the inclu 'ion of the grounclmass during the 

crYRtallization of the hornblende, but is due to the interpenetration of one of the 

gnawing, dissolving tongues of groundmass that had penetrated the hornblende, and 

which has been cut off during the grinding of the section, leaving it as an apparent 

inclusion." 

One section examined. 

Age. Keewatin. 
Bem({J'k. We have been unable to find any pol'phyryte in place on Mallmann's 

peak, although search was made for it. r1'his specimen (No. 751) was brought to 

Prof. N. H. ,Vinchell in 1879, by one of his guides, and the former did not vi. it this 

place personally. It is, however, quite possible that areas of this porphyryte may he 

found in the vicinity of Mallmann's peak, as the district has not been examined 

carefully. Still, this specimen is exactly similar to the porphyryte found near the 

south west end of Ep. ilon lake, and it seems very probable that this came from that 

locality. This idea is strengthened by the fact that at the Epsilon lake locality a 

large diabase dike, similar to the next specimen (No. 752), is seen cutting the 

porphyryte. 
The porphyryte is known definitely from only one locality in this vicinity, and 

is confined to a belt of not more than a quarter of a mile in width which curves 

around the southwestern end of Epsilon lake. (See plate II of tbe T'wenty-First 

Annual Report.) r1'he surface covered by tbis rock is about one-fourth of a square 

mile in extent; itis confined, with the exception of a few acres in the S. W. 1 s. K 

i sec. 20, T. 65- 6 W ., to the N. -~ ec. 29. This area bas beell studied somewhat 

carefully and a number of specimens of the porphyryte have been collected.* These 

specimens are Nos. 92TW, 928W, 929W, 932W and 933W; also os. 792G, 793(+, 

7~3aG, 794G, 794aG, 796G and 797G. A general description of this porphyryte has 

already been puplishedt and is here given as it bears directly on the rock under 

consideration (No. 751). 

The single section, which was acce , ib1e to Dr. Wadsworth when his description 

was written, is more or less altered, and does not clearly sbow the ol'iginalnatul'e of 

~A. WINOHELL: Si.clernth A /llInal R eporl, pp. 321-:327, 

t'l'wenly-fi"st Anllual RepOl'(" pp. 55-58. 
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the groundma s. Other sections of the less altered rock show that the ground mass 

is composed of interlocking laths of feldspar, sometimes the feldspar has a tendency 
toy\rard a granular development, a stated below. 

ilIacroscopically the porphyryte is eell to have an aphanitic groundmas , which 

varies in color fro111 a reddi h purple to a dull olive green; the fresheRt and more 

ahuudaut pha es show the purple color. r n thi, groundmass are sharply outlined 

bining black cry tal of horn blend and also irregular greenish ar a., in and around 

which are frequently small bright yellow spOtR and s111::111 white , potR. Under the 

micro cope the groundmas. if: seen to be made up entirely of mall, short interlacing 

lath of feldspar. [n ome ections the gronndmas becomes coar:el' and there is a 

decided tendency tow(1,rd a granular c1eve]0pment of the feld 'par. Although 

poly ynthetic twinning is common, still Ollle of th e feldspar does not show it and 

seem to be monoclinic in character ' that there i· considerable ortboclase in tIle 

rock is also indicated by the percentage of potaRh in the analysiR.* The feld paris 

undergoing alt.eratiou a,nd is filled with small inclusions and minute fihres wbich 

sometimes appeal' to be sel·il·ite. '11he rock i crowded with dl1:t-like pal'tieles, to 

which, perhaps, i. due its pLlrple color. There . eem to have be n but olle period or 
cry tallization for the feld pal', phenocry, ts of th i mineral being enti rely ah ent. 

In all the .lides examined there i, no unindividualizecl gla sy matter to be seen. 

The llOl'l1blelle/£' is of the L1SIHLl browll hasaltiC' variety, but the pleoehrois11l is 

not [1" intense a. in most basaltic hornhlende, ; a is light traw colored, b is yellowi, h 

browll, and c is oli \'e orown. The ray vibrating parallel to b a.nd c are not very 

unlike. '1'he absorption formula is c=b»a or c> b» a. The hornblende is all 

porphyritic in character, the individual crystals being from one to five millimetel'~ 
in length. Each phenocryst i u. ually ulTounded by a dark corro ion rim. 

The dull greeni. h area seen in hand pecimens are found to be aggregate. of 

r/tlorite scales, sometimes with a radial arrangement. It i evident that. ome of this 

chlorite is an alteration product of the hornblende. But most of the chlorite areas 

give no evidence as to their origiu. In one section a core of PYJ'o.'telle was seen in a 

chlorite area, and it is po. sible that many of the, e chlorite area repre ent old augite 

phenocrysts; however, they do not show the characteristic outline of augite crystals, 

but are usually irregnlar. Even if all of these chlorite areas, which are not clearly 

alteration product .. of hornblende cry tals, represent original augite incli vid L1als, the 

hornblende would still be in excess of the augite. So the rock is called a hornblend e 

porphyryte, although it perhaps originally wa. an angite hornblende porphyryte. 

'1'he yellow spots in and around the chlorite areas are secondary epidote, often 
in the form of minute sphere. And small white spots of caJcite are also seen. -
I)" e t'DI'. Whitman O"oss, w ho kindly examined slides of this rock fo r th writer, also thinks t hat 'onsidemble orthoclase is sen. 

35 
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An analys is of a typical specimen of this porphyryte (No. 797G) is as follows: . 

SiO . 
AlzO. 
F e 2 0 . 
l<-'eO 
CaO 
MgO 
R . O 
Na.O 
P.O" 
H 20 

Total, 

[Diabase. Porody te. 

60.32 
15.80 
5.42 

.89 
4.65 
5.08 
1.82 
4.09 
.12 

1.G7 

99.86 

In the porphyryte have been seen a few fragments of rock similar to the gray

wacke of the region, and at its contact with the surrounding rock the former is finer 

grained than is usual, but it does not seem to have altered the rocks with which it 

comes in contact.. It seems very probable that this mass of porphyryte is a part of 

the same magma which produced the volcanic tuff about Kekequabic lake, but that 

it solidified before reaching the surface, and at present we have no knowledge in this 

region of a su dace flow of rock similal' to the tuff. U. S. G. 

No. 752. DIABASF.. 

Samc locality as No. 751. 
R ef. Annual Report, x, pages 92, 9il; Bulletin ii, page 100. 

Meg. A coarse-grained, dark, greenish-gray diabase, in which much of the augite 

has altered to hornblende. From a dike forty feet wide, cutting rock No. 751. 

NIic. M. E. Wadsworth's description of this section is as follows:* 

" In the thin section the feldspars are mostly cloudy and kaolinized, although 

the triclinic character of some is observable in polarized light. The augite is brn'll'n 

and largely altered to 1!i1'idite, which mineral substance replaces part of the f eldspa),. 

Some green pseudomorphs, apparently after olivine, were observed, while more or 

less actinolite, biotite and ctzlO1'ite were seen associated with the viridite and formed 

from it. Considerable secondary q'Ucl1'tz was noticed associated with the feldspar, 

whi le microli ths are common both in the quartz and augite. Some apatite crystals 

were seen, as well as 'lettcoxene' and pY1·ife." 

One section examined. 

Age. Probably Cabotian or Manitou . 

No. 753. PORODY'l'E. 

S . W. x: sec. 14, T . 65 G W. Hill north of the narrows of Ogishke Muncie lake. 
R ef . Annual Report, x, pages 47, 94, 95 ; Bullotin ii, page 128, plate XII, fig ure lot 

U. S. G. 

Meg. A very fine-grained, compact, greenish rock containing small hornblende 

crystals. 

"B ulletin ii, p. 100. 
t In the T en tit A n llual R eport . p. 9~. and also in Bulletin ii , the locality i ~ by a ty pogl'aphk>l1 errol' gi ven liS '1' . 65-·1 W. , instelld 

of '£. 65-6 W. ; and ill B ulletin ii the d escription is p laced uncleI' No. 153 instead of N o . 753. 
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PETROGRAPHIC GEOLOGY AND DESCRIPl'IONS. 531 
Conglomerate. Diabase.] 

]fie. M. E. Wadsworth' deflcl'iption of the section.' of this rock is as follows:* 

"The sections are green and composed of fragments of andesyte, andesitic 

(l1lgites, destroyed and blackened homhlendes, and a mineral which is pleochroic 

Yal'ying from yellow to yellowi. h brown an 1 yellowi h green. Mo t of its sections 

extingui h parallel to a nicoI diagonal, but not all, and it appears to answer in a 

great measure to the rhombic pyroxene of the ande yte partially altered to horn

blende. The extinction of the clear, pale-yellow augite is oblique, and this is al tered 

only to a greenish chlorite. The feldspar. are altered to the usual chloritic and 

micaceous scale.. Some ep idote and qll((rl --. fraaments were :::;een. rfhe andesitir 

hase is changed to a fibrous or granular material but is not altered as much 

as in the preceding de cribed andesyte . rfhi. rock apparently wa once an 

andesitic tuff or volcanic a h, as it clo ely resem ble. the modern ande itic tuffs of 

California. 

"Plate XU, figure 1, shows in some measure the character:::; of this rock, and 

exhihits, a little to the left of the centre, one of the partially destroyed horn hlende, 

so ('.ommon in ande. itic rockfl.'· 

Two , ections e amined. 

Age. Keewatin. U . 8 . G. 

No. 754. CONGLOMERATF.. 

"One mile north of the central narrows of Ogisbke 1uncie lake;" probably near the south lino of sec. 14, 
T.65 G W. 

Ref. Annual Report, x, pages ~4. 95 . 

Meg. The band pecimen in general rese m bles the other conglomerate samples 

already described ( o. 7BS and 74:4), but it i darker colored and i:::; more indurate 

01' metamol'pho ed. A number of pebhleR, most of them well rOllnded, are present. 

'l'hese pebblefl are of red ja pil.yte, q ual'tz, "green.· tone," granite and hard, siliceou. , 

gray and black, flinty rocks. 

Mic. Under the micro. cope the rock does not. differ markedly from os. 738 and 

744 except that many ofthe fragments, especially the qll(wlz grains, ar welll'olll1ded. 

Considerable c{( lcite, acting as a cement, is present. 

l'wo sections examined. 

Age. Ogishke conglomerate at the base of the Upper I\eewati n. U. 8. G. 

No. 755. DIA:RA. E . 

. South of Ogishke Muncio lake, probably near the centre of sec. 35, T. 6:i- 6 W. Rock of ono of tho subol' -
dillate hills, near the summit. 

Ref· Annual Report, x, pages 96, 97; Bulletin ii, pages 118, 119. 

Meg. A rather fine-grained , dark, greenish-gray diabafle, evidently with its 

augite altered to hornblende. - ' B ulle/ill ii, p. 128. 

• 
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[Dioryte. Diabase. 

111ic. The section is that of an altered diabase. There are numerous lath-shaped 

plagioclases, usually much altered, in a confused background composed of green 

hOJ'nblende, chlorite and magnetite. 

One section examined. 

Age. Keewatin. U. 8. G. 

No. 756. DIORYTE. ( Ga,lJb1'Oid. ) 

From a ridge south of No. 755. 
Ref. Annual Report, x, pages 96, 97; Bulletin ii , page 83. 

JlIeg. A rather coarse-grained, granitoid rock, composed essentially of horn

blende and altered feldspar. 
Mic. The ection shows a rock which consists of secondary hornblende and 

chloJ'ite, highly altered/elclspar, and iron ore. 'fbe last frequently shows the opaque 

gray alteration products common to ilmenit p. 

On e section examined. 

Age. Keewatin. 
No. 757. DIABASE (with olivine.) 

From a dike six feet wide, running north west and southeast and cutting No. 756. 
R ef . Annual Report, x, page 96. 

]{eg. A rather fresh diabase of medium grain. 

U. S. G. 

Mic. The section shows long lath-shaped plagioclases, augite, olivine and 

magnetite. The section is very noticeably less altered than those of the last two 

numbers. A peculiar feature is that the olivine has crystallized at the same time 

with and in part later than the feldspar. The areas of olivine are penetrated through 

and through by feldspar, and frequently the intel'gl'owth of these two minerals is 

pegmatitic rather than poikilitic. 

Two sections examined. 

Age. Probably Keweenawan. 

J?em,(l1·f..;s. Compare Nos. 1275 and 1842, In which the olivine is also younger 

than the feldspar. u. s. G. 

No. 758. DIABASE. 

From the top of the mO lmtain and south of No. 757. 'rhis specimen i.' probably from the top of mount 
Northrop, ill T. W . ?4 sec. 2, 'r. 640- 6 W. 

Ref. Annual Report, x, pages 96, 97; Bulletin ii , pages 116, 117. 

Meg. A dark greenish-gray diabase, of medium grain . 

Mir. M. E. Wadsworth's description of thi s rock is as follows: * 

"A grayish-green crystalline rock. In the section this diabase is seen to be much 

altered . Its structure is ophitic, and the Clugde remains in places in distinct cores, 

surrounded by green hornblende. QU(l1'tz, viJ'id-ite, chlm'ite, biotite, act inolite, t-itaniie 

*BlLlletit1 'ii, pp. 116, 117 . 
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Diol'yte. Lilll~stonl'.] 

grains, etc., occnr with the hornblende as secondary prodncts. L eucoxelU' occurs with 

the iron ore, which is arranged in dash-like bar. These bars form rectangles and 

rhombs with one another- one perfect rhom b mea nring for its inside angles, approxi

mately, 70° 30' and 10U o 30 '. Several other imperfect rhomb yielded on measure

ment about the ame angle.' One section examined. 

l Kee"watin. • ye. U. S. G . 

No. (50. DIOH,Y'l'E. (Guuul'Uid. ) 

"Occur::; in pH Lches in No. 7GS, and is Like No. 7Gli, but contains so much lllaglloLiLo as Lo appreGia bly increase 
its weight." 

Ref. Annual Report, x, page 97; l3ulletin ii , pages 77, 7S. 

J11'g. A coal' e-grainec1, granitoid rock, dark greenish-gray in color and composed 

of hornblende, feldspar and some magnetite. 

~1Jic. rrhe section, which appears to have been originally a gabbro 01' coarse 

c1iaba e, is compo eel es entially of econcial'Y green ltoJ'IlUlrltd(" c/doJ'ite, considerably 

aJterecl plagioc/({::;e, 1)/(ffjllclite and secondary CjIl(lrlZ . No angite remains. 

One ection examined . 

.lge. Keewatin. U. S . G. 

No. 7(iO. LIMf£STONE. (8ilicevII8.) 

Specimens Nos. 7liO 76.'5 wel'e obtained on a trip Laken to Twin peaks from Ogishke M.uncie lake. The 
trip was probably made froll.1 the west end of thi,; lake in S. W. 14 sec. 27, T. 63 G \V., through W. J 2 soc. 34, T. 
U3 U \Y., Lo the summit of Ea,.;t Twin peaks, which is probably in N. E. M sec. 4, T. G:I. 6 W. 'Ehe following note,; 
were Laken on the specimen,.; coll ected on thi" trip:* 

" In passing from Ogishke Muncie lake directly to'l'win poaks, the following observations were made by 
Mr. Mallmann. After a space of conglomerate, perhap::; one half a mile, there is a gorge in which a creek run ,; 
S. 30° W., the rock ol'er which it passe,; being: 

"No. 760. A light siliceous marble, or calcareous quartzyte, undistinguishable from the marble, 1 0.746. 
On either side of the gorge j,; a wall of roek. On the west is conglomerate, and on the east is 

"No. 761, which is a pyritif~rous, dark, aphanitic rock, one of the conditions of the slaLe of the s lfl ty 
conglomerate. 

"No. 762. I s from a trap dike cutting the conglomNaLe, about one·fourth mile f!'O lll the lake. 
"South frolll the gorge is Illore eonglomeraLo and q uartzyte, then a ridge, or a succession of benchos rapidly 

ascending. The first bench, twenty feet high, has a regular bedding, and dip toward the south, but no basnltiG 
structure. It cODf;ists of 

"No. 763. Which is apparently clo:;ely allied to No. 755. 
"No. 764. In a higher ridge if; this rock, which is the Sflme as No. 763. 
"No. 765. The top of the Tlyin peak (East Twin) j,; a fine-grained variety of the ";illl.1e rock. This peak, 

and the general average of thc mountain range, may be GOO feet higher than Ogishke Muncie lake. The'l'win 
peaks are conspicuous because they stand isolated, further north than the rest of the high land, not lJecause 
they are higher:' 

Ref, Annual Report, x, page 97. 

JIeg. A gray siliceous limestone very similar to o. 746. 

Mic. The section is in general similar to that of o. 746, but cOlltains more 

cryptocrystalline qU(l)'tz. Chlorite and so me opaque gray material are present. 'rbere 

are also angular fragments of quartz and feldspar, and in some parts of the section 

there is a resemblance to a crushed and altered quartz-porphyry. 

One ection examined. - ' Tellth Annual Repol'/, p. 97. 
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[Greenstone. Diabase . 

Age. Kee'ivatin. 
Remal'k. In connection with Nos. 760- 765 compare Nos. 1386- 1395 which were 

collected between the southwest corner of Ogishke Muncie lake and the summit of 

East '.l'win peak; alo os. 1756- 1764 which were collected on a trip from Kekequabic 

la.ke to the summit of West Twin peak. u. s. G. 

No. 761. "GREENSTONE. " 

See under No. 7(j0. 
R ef. Annual Report, x, page 07; Bulletin ii , page 121. 

Jle.r;. A compact, fine-grained, greenish rock, showing considerable pyrite. 

JJic. M. E. Wadsworth's description of this rock is as follows:* 

"The sections show an entirely altered rock, composed of greenish chlorite 

. cales, colorless lIlicaceow:i plates, and numerous granules of p!J1'ite and magnetite. 

Although no absolute proof can be obtained from these sections to show the original 

status of the rock, yet from what the writer has seen from other localities, he 

considers this to be a highly altered diabase, now forming a chlol'itic rock or compact 

chlorite schist." 

Two sections examined. 

~lge. Keewatin, u. s. G. 

No. 762. DIABAt:lE. 

See under No. 760. 
Ref. Annual Report, x, page 07. 

Meg. A fine -grained, bl~ck diabase. 

Mic. The section shows rather fresh, lath-shaped plagiocla es lD a dark back

ground, composed of aU,fJite, magnetite, alteration products of augite, and possibly some 

unindividualized base. 

One section examined. 

Age. Probably Cabotian or Manitou. U. S. G. 

No. 763. DIABASE . 

See under No. 760. 
R ef. Annual Report, x, page 97. 

Me,g. A fine-grained, compact, dark greenish rock. 

Mic. The section shows small, altered, much elongated, lath-shaped plaqiuc/((:)c:) 

lD an altered, fine-grained background, which is composed essentially of fibrous 

h01'1~blende, chlor'ite scales and magnetite. 

One section examined. 

Age. Keewatin. U. S. G. 

* Bulletin ii, p. 121. 

• 
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Diabase. IIGrconstonc." I1'on Ol'c.] 

No. 764. DIAHA~E. 

S e uDd er No. 7(jO. 
Ref. Annual Report, x, page 97. 

,Ve.r;. A medium-grained, dark, greeni 'h-gl'ay, diaba 'e-like 1'0 ·k. 

Jlic. The section is essentially im ilar to that of o. 763 except for a coarser 

graiu and the fact that the hornblellde fibres sometimes h~Lve a radial arrangement. 

One section examined . 

. 1ge. Keew[1,tin. IT . s. G. 

No. 76~. "GIU~ENS'l'ONE." 

Sre nnder No. 760. Top of East Twin pE'alc 
Ref. Annual Report, x, page 97. 

Meg. A compact, fine-grained, green rock. 

Jlic. Thi ection shows a fine-grained, confused aggregate in which green hO)'I/

blel/de, altered feld :p(()' and qll({rtz are the chief minerals. .Magll etite, ch/u)'itp, 

IIIl1 scovite, calcite and opaque gray material are al 0 present. The original texture 

of the rock has entirely disappeared. 

One section excLl11ined. 

Age. Keewatin. 

Rem({)'k. os. 761 765, except o. 762, which i. ' a later dike diabase, are part 

of the extell i ve "green tone" tenane that forms the high range of hills sonth of 

Ogi hke Muncie lake. It is quite evident that os. 763 and 764 were originally 

diabase or closely related rocks. 0 . 761 and 765 are 0 highly altered that their 

original nature i not certain, but from their general character, composition and 

associations it seem quite probable that they al 0 were originally diabase ' or 

pos ibly basic tuff . U. ' . G. 

o. 76(5. IIWN OUE. (JlaUll cl iG.) 

li'rom a ferruginous belt in the slates on the portage from Fox lake Lo Ash lake, ncar the former lake; 
S. W. ~ S. W. ~ sec. 25, T. 65 6 W."'· 

Ref. Annual Report, x, page 98. 

lJIeg. A very fine-grained magnetic iron ore. 

Mic. The ection hows a very fine-grained rock, consisting mainly of lIlagneti{p 

witb some qua)'tz and a yellowish fibrous mineral which appears to be !})'iinel'ite. 

'1'he section is crossed by a few min.ute veins which are composed of quartz 01' quartz 

'The loca lity references fo r the specimen s collected on the trip from Ogishke Muncie lako south to lake Superior, at t,h e 
mouth of Poplar 1';" 0 1' (where there is now a postoffice called Lutsen )-sp cimen s Nos. 766 to 796--aro in some CRses not as 
accurate as could be desired, and when this is the case the locality is d signated as" prob!tbly" or " perhaps," the latter word 
hemg used when there is con sider able uncerta inty. When this trip was mad by the sonior author mo t ,til the townships had not 
been subdivided, and it was thus impossib le to locate olleself Accurately. Hinco t·hon these townships have b n surveyed, and by 
reference to the township plats it is possible to locate, with a fairde~ree of certainty, the points a t which tho diffe rent specimens 
were collected . Tho location of these pointa has been mado easier by the fact that, s ince tho township werO sUl'\'eyed, (1) The 
:~mlOr author luts been ovel' thE' r oute f rom Ogishke Muncie lake t<> and beyond " the last lake ill Frog Rock river " (Nos. 766 to 
,:3), aud (2) Dr. A. H. Elftmau has kindly aided in this mattor in that part of the r oute from Snwbilllllk to the mouth of Poplar 
I'Iver (Nos. 788 to 796). 
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[Gabbro. QUItrt.zyte. 

and grLlnerite. In one of the larger veinlets there are three bands, the inner one 

being composed of magnetite largely and the outer ones of the two other minerals. 

One section examined. 

Age. Keewatin. 

No. 767. G AB13RO. ( G /'anu lilie. ) 

South shore of Gabemichigama lake; perhap:-; in sec. 1, '.r. 64 (j W . 
Ref. Annual Report, x, page 98; Annual Report, XV , page 37D. 

U. S. G. 

Me!!. A fine-grained, yellowish-gray, crystal1ine rock,--part of the ~o-called 

" muscovado." 

Uir. The section is composed ofJ(~tdsp(lr, p!!ruxelle and hornblende, with a little 

II/agn etite, P!Jr'ite and biotite. The feldspar is in elongated crystals, which usually 

show cLlbite tv,Tinning, and also in irregular grains varying much in size and quite 

commonly showing no twinning. There are, however, all gradations between the 

two forms of feldspars, and they appear to be of practically the same species. In 

p(trt~ of t.he section the elongated feldspars are llllm81'OUS a,ud give cL decidedly 

dia,basic texture to the rock. At times the outlines of the feldspars are very irregular 

or senate. The feldspar, as well as the pyroxene and hornblende, frequently con

tains numerous small cavities and dark dust-like inclusions. The grains which show 

albite twinning have extinction angles running up to 34,0 indicating labradorite. 

The pyroxene is in small rounded grains and in larger plates which are very 

irregular in outline, often having a lobe-like border, and include poikilitically small 

grains of feldspar. rrhe pyroxene when in the plates is usually fissured, and the 

section has in places a decidedly" granular" aspect. Some of the pyroxene shows 

a weak pleochroism and an orthorhombic character, though much of it is monoclinic. 

A few grains show fine polysynthetic twinnings 01' possibly intergrowths of ortho

rhombic and monoclinic pyroxene. 

The hornblende occurs in the same manner as pyroxene and seems to have been 
deri ved from that mineral. 

One section examined. 

Age. Probably Cabotian. 

No. 768. QUAHTZYTE (with lJY·l'oxene.) 

South side of GabemichigamCl lake; probably near east line of sec. 1, T. 64-6 W. 
Ref. Annual Report, x, page 98; Annual Report, XV, page 379 . 

U. S. G. 

.lIe!!. A rock, which varies considerably in grain, composed of quartz, pyroxene 
and magnetite. 

Mic. The section is composed essentially of hype),sthene, quartz, and lIIa,c;netite; 

the last mineral is in comparatively small amount. 'rbe qnartz is in grains of more 

or less rounded outline included in the hypersthene, which is commonly in large 
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plate. More complete descriptions of this type of rock aro given uLloer sOllle of the 

fo llowing' numbers: 960, 962, 1041, 1036, 1;33 , 1349, 1040, 1340, 1362. 
One poor section examined. 

A.rJe. Iron-bearing member of the Animikie(?) u. t-'. o. 

Heillurk . 1t ha ' heen fOl1l1dlatel' that this ferruginolls qllartzyte, eLllU i:L number 

of other localities of the ame kind further r-;outhwa,rd, formerly referred to the 

Animikie, pl'obcLbly are portiolls of the Keewi:Ltin, affected by the g<Lbbro. N. II. W. 

No. 7G0. GABBHO. 

North\\'('st ('nd of I,iW Sag-aoilg-a I<lke; pl'rhHpS from S. 1<': . 1,4 S . I~. ~ ,.;(,t:. 6, '1'. (}Ii :i W. 
Ref. Annual Report, x, page 9S; Uulletin ii, pag-e 7'2. 

Jleg. \. medi1ll1l-gra,ined, gra,y, gnmitoid rock, compo eel of pla,gioclase, a.ugite. 

hOl'l1blende and magnetite, with <1, little hioti te a,nd cLpparently some oli vine, although 

this miueml is not seen in the section. A part of the great gabbro mass. 

JIic . M. E. Wad, wurth's description of thlS rock is as fo11ows: * 

"Is cL brownish-tl'ray coarsely crystallin rock, like the preceding. In the thin 

section the rock i seen to be ome,yhat altered, while it ha its pl({giorl(f~e filled with 

the browni h need 1 and globuliths so commonly een in tho feldspars of gabbros. 

The 'e, as usual, are arranged along clea yage planes, one well marked arrangemen t 

being parallel to the poly ynthetic twinning plane" although Olle crystal wa ob el'vec1 

in which no microliths were seen, who e pOFlition corresponded to the striation line', 

but all cut the e lines at a small angle. ) 

Oue pOOl' ection examined. 

Age. Cabotian. 

JO. 170. A TOl{1'lIOSYTK 

South side of Little Saganaga lake; :\'. W. 74 sec. lU, '1'. 64. ;) W. 
Ref. Aonual Report, x, page DS. 

0. S . G. 

Meg. A medium-grained, gra.y rock, compo 'ed almost entirely of plagioclase, 
weatheri ng nearly \V hi teo 

Mit. The , ection is a granitoid aggregate of plagioclase. ·With the po ible 

exception of a few small grains of lIla,r;l1etite tbe ection hows no evidence of any 

original mineral other than the plagioclase, which is in place kaolinized. A few 

small ('/ilul'ite scale ' are present. The plagiocla e i commonly twinned according to 

the albite law. Approximately equal extinction run up to 30.° Two grain cut 

approximately normal to the least axis of elasticity gave extinction angle of 40° 

and 44°; sections parallel to 001 gave 16° and 17°; and sections parallel to 010 gave 

30° and 31. ° The plagioclase th us appears to be bytoll'llite. One section examined . 

. If/e. Cabotian. u. s . G. - ' Bulletin ii, p. j~. 
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[G,·anite. Gabbro. 

No. 771. GRANITE (with biotite ) . 

Near the west end of East-and-West lake, on the south shore; probably in S. E. 7.:i s. W. 7.:i s('c. 15, '1'. 
6,1- 5 W. From a vein twenty inches wide and dipping 75° towards the east, cutting the gabbro. 

Ref. Annual Report, x, pages 98, 9U . 

.Jipg. A medium-grained reddish granite, composed of colorless to red feldspar, 

quartz, a little biotite and also apparently a little hornplende. 
}tfic. The section shows feldspa1', quw·tz, biotite and a little chlorite and mag

'netite. The feldspar is in general some clouded and in places is much reddened. It 

seems to be largely o1·thoclase, but there are some grains which show very minute 

twinning lamellce, which are usually visible only near the point of extinction,

probably anorthoclase. 

One section examined. 

Aye. Cabotian. U. S. G. 

No. 772. GABBRO (with hO?'lLblencle and biot·ite) . 

Lake in Frog Rock river. 'l'his lake b probably the one at the northwest corner of sec. 2G, T . G4-G W. 
l<"rom a vein one foot wide. 

Ref. Annual Report, x, page 99; Bulletin ii, pages 75, 76. 

~Meg. A coarse-grained, granitoid rock, composed of feldspar, hornblende, biotite, 

and magnetite. 

Mic. M. E. Wadsworth 's description of this section is as follows: '" 

"The section shows a partially altered plagioclase, biot-ite, qual'tz, vi1'idite and 

1Ila.gltetite. Of these the quartz, biotite and viridite are secondary or alteration 

products. Another section shows some cliallage, with green and brown hOl'l1blende 

and biotite as associated alteration products of the diallage. The section contains 

secondary quartz and titanite, and much of the rock is a typical quartz-dioryte formed 

by the alteration of a gabbro." 

Two sections examined. 

A.r;e. Cabotian. U. S. G. 

No. 773. GABBRO. 

La.t lake in Frog Rock river; probably in S. E. 7.:i sec. 27, T . 64-5 W. 
Ref. Annual Report, x, pages 99- 101, 103; Bulletin ii, page 71, plate IV, figure 2. 

J1Ieg. A coarse-grained, granitoid rock, composed largely of feldspar, with some 

augite and magnetite. 

Mic. M. E. Wadsworth 's description of this section is as follows:t 

"Its pyroxene constituent is seen under the microscope to be altered to ciriclite 

and a greenish and brownish biotite. The plagioclase is somewhat changed and 

contains secondary ol'thoclase, qual'tz, mica scales, etc. 

* B ulletin ii, pp. 75, 76. 
t B ulle/in ii, p. 71. 
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"In one portion a, pyroxelle, in a tricLUgular mass, is seen renmilling eLf; pyroxene 

ol1e part and cLltered to cL greenish-brown biotite carrying magI/elite in cLUother 
portion of the allle ma, ·S. 

" A radiated group of (')lidotf) crystals was ob erved in the section. 

"Pla.te 1\ , figure 2, shows the rela,tion of the biotite formed from the ::LlLeration 

of the dialla.ge. It extends along tbe cleava.ge and fissure lines with portions of the 

ul1changed pyroxene between. The whole is surrounded by somewhat kaolinized 
feldspars bearing biotito." 

The radiating group of cry ta.ls mentioned above - at lea,st only oue sLlch group 

was seen in the ection-has the character' of IV{{FJ//((line rather theLll of epidote. 
('a/cile also occur '. One ection eXl:\,milled . 

• l.ge. Cabotian. u. R. G. 

o. 774. GRANI'rl!; (with aU(Jile). 

,\.t or near Duck lair€'. 'rhis lake is in sec. 3, '1'. 63-5 W. 
"'Ehis cOlllm; in apparenLly throng71 No. 773 at first, but afterward it lie.s on No. 773, and in rude, 1l'l1Licular 

and broken bedding dips to Lhe south. It forms a range of hills abouL 100 to 150 feet high next west and ::;o ULb 
of Me~abi and Duck lakes. It has been molten, a:'l evidently as No. 77;3, and in that senso it is 11n iglJcous rocll, 
but it differ. from it in its mineral compo ition . It is a reddish sycnyt.o, but seems to contain mica, a-.; well as 
,;ome plagiocla -e. In passing along Duck lak€' considerablo con fu f; ion prevails in the rplativo positions of Nos. 
77:3 and i/4. Along thc outh side of the point that separat.os the lake into norLhea. L and southwest part", No. 
174 plainly lie:> on parts of No. 773; but on the east side of the lake, there i .. considerablc mixing, the two changing 
places suddenly, and either one being in patchos in thc other- particularly No. 774 embracilJg masses of TO. 

773, and suddenly cutting No. 773 like dike-rock." 
Ref. Annual Report, x, pages 99 101; Bulletin ii, page 103. 

JJe,q . A rather fine-grained, granitoid rock, pinkish gray in color, composed of 

feldspar, quartz and black minerals. A little pyrite is een both in the hand ample 
and in the section. 

lIfic. M. E. Wad worth's de cription of this section i as follow;::: 

.• The ection is largely compo. ed of leld p({r and quartz ananged in graphic or 

eozoon form. Besides the e minerals much may Il etite, a It!J ite, a little dia Urtge, hOI'I/

blende, some biotite, yellowi h psendomonphs after olivine or augite, and microliths 

OCcur. The augite in place. is altered into u}'((liteand at other into {HOltil hornblende, 
which exhibits the characteristic cleavage. The brown hornblende occupies part of 

the original augite areas, is contiguou with the augite mass and was formed from 

its alteration. The biotite is mainly as ociated with the magnetite. Although the 

pyroxene is abundant here, thi rock answer to the augite yenyte of hving, but 

has been formed from the further alteration of a basaltic diabase." 
Two sections examined. 
Age. Cabotian. 

Rema1'!.:s. This rock is similar t.o others of the augite granites and its composition 
and field relations place it with the granite or "red rocks " of the Cabotian rather 
than with the gabbro. u. s . G. 

• Bulletin ii, p. 103. 
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No. 775. GRANITE (with hO'rnblencle (IneZ bioWe) . 

Southeast end of Duck lake; S. W. ;li S. W. ;li sec. 2, T. 63 5 W. "At the southeast end of Duck lake 
No. 7n lie:' on No. 775, which is the well -known and so -call ed 'red granite.' This li es in (' ven and regular beds 
of four to eight inches (or in bcds of three to four feet), dipping south, amounting in all to about tw('nty feet, 
Lhe rock No. 773 being unconformable on it, but intimately cemented to it, as at Rice point. Ovcr both of these, 
furtb er toward the sou thea t, No. 774 comes in again." 

R ef. Annual Report, x, pages 100,101. 

]feg. A fine-grained, pink, granitoid rock, composed of pinkish feldspar, quartz, 

biotite, hornblende. '1'here are a few larger feldspars which give a sub-porphyritic 

ctspect to the rock. 
Mie. rrhe section shows a fine-grained granite. The minerals are f eldspar, 

Iju(lrtz, biotite, homUlende and m({gnetite. '1'he feldspar is somewhat reddened and 

much clouded; it is probably largely orthoclase. 

One section examined. 

Age. Cabotian. 

No. 776. GRANITE (willi, a:/'Lgile) . 

Portage between Duck and L lakes; probably in S. W. ?4 S . W. ;li sec. 2, T. 63- :3 W. 
R ef. Annual Report, x, pages 100, 101; Bulletin ii, pages 9G, 97 . 

. u. S. G. 

. Meg. A medium-grained, brownish-gray, granitoid rock, composed of feldspar, 

Cjuartz, biotite, hornblende and probably augite. 

j}Iic. M. E. 'Wadsworth's description of this rock is as follows: * 

" Has its section composed of partially altered diallage, f eldspw', magnetite, and 

secondary qua rtz , hOTnblellde, biotite, etc. The diallage is filled with the usual black 

needles and grains, which also occur abundantly in the feldspar. Part of the feldspar 

appears to be of a secondary origin, while numerous cm!'phibolemicl'oliths of secondary 

origin extend through the quartz and feldspar. Fluid cavities occur in the quartz. 

The hand specimen is a brownish-gray, granitoid or dioritic rock, with tabular pinkish 

feldspar. It shows surface weathering." 

No section found . 

Age. Cabotian. u. s. G. 

No. 777. GABBRO. (G'l'Ctnt6litio; 1)01-phY1·itic.) 

L lake, probably iust at the east of the portage to Wind lake; probably near the centre of N. W . ~ sec. 11, 
T. 63-5 W. "At the point where the portage leaves L lake is a bluff at the left, made up of the following (Nos. 
777- 780): 

.. No. 777. A characteristic gabbro, seamed by red syenyte, and weathering nearly white, porphyritically, 
so as to appear much like No. 773. This passes downward into-

" o. 778, which was obtained about thirty-five feet below the top of TO. 777 and near tbe next. This is 
apparently a form of the gabbro, when in closer contiguity with the sedimentaries, and has been penetrated by 
minerals from them. It is finer grained than No. 777, and darker, but also seems to have ortboclase and mica . 
These together make a thickness of about forty-five feet, from the top of the bluff downward. 'I.'hey are one· in 
structure, dip and general cbaracters. They dip south in heavy layers at an angle of about 30°. 

"No. 779. Red syel1yte, unconformable under No. 778, showing about fifteen feet. What appears like 
bedding in No. 779 may be coarse jointage, as there are two sets of planes, one set being perpendicular to the 
bedding of the gabbro overlying, and the other crossing it so as to have a dip south of about 70° . 

.. Bulletin ii, p. 96. 
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"No. 780 is a form of the rock in the ,'arne bluf!, about twenty feet below the top; evidently a part of the 
ill'neous rock, but affected by proximity to the underlying rock so as to appear like a diol'yte. 
'" "There is a striking contrast in the appearimce, form and color of the rocks Nos. 777 and 779." 

Ref. Annual Report, x, pages 100,101; Bulletin ii, pages 91, !)2, 94, plate IV, figure 1. 

Meg. A fine-grained, dark-gray cry talline rock, which contains a number of 

porphyritic plagiocla e. These porphyritic crYBtals, on account of a color similar 

to that of the rna s of the rock, are not very evident in the hand sample. 

~Iic. M. E. "\iV adsworth', de, cription of this rock is as follows: * 

"Is grayi h brovm, porphyritic, re, embling that found in Gloucester, Mas ., and 

belongs to the gabbro. The section is composed of large plagiocla e crystaL ', lying 

in a crystalline granular groundmass of dial1((ge, (wgite, biotite, ltl'Cl1i{p, magnetite, 

plagioclase, orthoclase, and orne qllodz. All are in more or les rounded grains, and 

the general structure of the groundma , i that of one which has been formed by the 

reerystallization of it materials, i. e., the augite and diallage are the remnantR of 

larger crystal, while much of the feldRpar and all of the quartz, biotite and uralite 

are the results of alteration. The biotite and uralite are formed from the pyroxene. 

The larger plagiocla e crystals are filled with elongated dark needle-like shapes which 

are arranged parallel to the twinning, clinopinacoid, and other crystal plane.. These 

needles polarize with a bright, yellowi h-brown color, like thin biotite plates. On 

further examination . ome section are found cut oblicluely to these needles, when 

they are found to be elongated, ova.l, yellowi. h-hrown plates of biotite. These plates 

are evidently an alteration product of the felc1 Bpar it. elf. 

"Plate IV, figure 1, show the granular tl'llcture of thiB rock with the h1'o"v11 

biotite on the right and greenish hornblende at the bottom of the figure. The section 

in places shOlv. the character of a dioryte or hornblende schi t." 

'rhe texture of the gl'oundma s of this rock is very similar to that of No. 698; 

but in No. 777 the grain i a little finer and the plagiocla e haR more of a tendency 

to a lath-shaped development, giving the rock a diabase-like appea,rauce, and thuR 

the rock might be called a diabase porphyryte. 

The porphyritic feldspars have equal extinction angles in sections cut normal 

to 010 as high as 33°, and a cleavage flake parallel to 010 gave an extinction of 20°. 

Both indicate l((/)}'a(Zol'l'te with approximat el y the composition A b I An 1 • The 

feldspar of the grouuc1mas. was not determined ca.refully, hut it appears to he 
labradorite. 

rrwo sections exami ned. 

Age. Cabotian . U. S . G, 

No. 77R SYENYTEU) (wilh ((.ur/ife ). 

Same 10caliLy as 0.777. 
Ref. Annua l Report, x, pages 100,101 ; Bulletin ii , page l~O. - • ]JuUeli,L ii , pp. 91 ,92. 
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Meg. A rather fine-grained, crystalline, dark, brownish-gray rock, composed of 

feldspar, ,biotite, hornblende, probably augite and a little quartz. 

Mic. M. E. Wadsworth's description of this section is as follow, :* 

.. 'rhe section is composed of feldspar (largely plagioclase), aug1'te cores, and 

econaary qllm'fz, biotite, hO?'nblende, 111 Cl.c;netite, and microliths. The augite cores are 

surrounded by and pass into both biotite and uralite. The rock is now a quartz

biotite-dioryte, but the writer has no doubt that it is simply an altered diabase to 

which its augite and feldspar ally it." 

Two sections examined. 

A gp.. Cabotian. U. S . G. 

No. 779. GRANITE (w ith lJioiite and h01·nlJlencZe). 

Same locality as No. 777. 
R ef. Annual Report, x, pages 100, 101. 

Meg. A rather fine-grained, reddish, granitoid rock, composed of feldspar, 

(lUartz, hornblende and biotite. 

lIfir. The section shows a fine-grained granite composed essentially ofjeldspcl?', 

which is much clouded and frequently reddened, 1U(f}'tz, h{)J'11blende and biofitp. 

One section examined . 

Age. Cabotian. U. S. G. 

No. 780. SYENY'IcE(?) (wit.h a7lffite). 

Samc locality as No. 777. 
R pf. Annual Report, x, pages 100,101; Bulletin ii , page 85. 

J[e.r;. A medium-grained granitoid rock, composed of feldspar, a little quartz 

:l nd black minerals. Similar to No. 776. 

JIf ie. M. K \i\T adsworth's description of this rock is as follows :t· 
" It is a yellowish-gray granitoid rock, composed of f eldspaJ', magnetite, biotite 

a,nd /io}'lIblenrlp. It is so altered that the transition is complete, except in the case 

of a few pyroxene grains, so as to form a quartz-dioryte, although it contains much 

Q?·thoclase and some biotite and might thus be styled a granite. The orthoclase, 

(L'IO}'tz, biotite and hornblende all appear to be secondary, as are probably the 

numerous microliths by which they are traversed." One pOOl' section examined. 

Age. Cabotian. u. s. G. 

No. 781. GABBRO(?) (with qUa?·tz). 

Portage between L and Wind lakes; probably in E. X' sec . 11, T. 63-5 W. 
R ef. Annual Report, x, page 101: Hulletin ii, page 97. 

Meg. A medium-grained, gray, granitoid rock, composed of feldspar, augite, 
biotite and a little quartz. 

*BuUetin 'ii, p, 120. 
t Bulletin i'i, p. 85. 
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ABc. M. E. Wadsworth' description of this rock is as follows: * 

" A gray crystalline granitoid rock, composed of gray feldspar, biotitp, h01'nblende, 

etc. Its section i imilar to the preceding No. 776, but it has few micl'oliths. The 

c1iallage has fewer inclu. ion than that of No. 776, and is largely altered to horn

blende and biotite. The quartz is quite abundant, and the hiotite is largely 

as ociated with and surround. the magnetite. 'rhe analysis by professors Dodge 
and Sidener gave the following result:" 

Si0 2 

AI20 s 
Fe 20s 
Fe0 2 

MnO 
CaO 
MgO 
Na 20 
K 20 
H 20 

'I'oLal 

'l'ivo poor sections examined. 

Age. Cabotian. 

53.43 
HS1 
5.0S 
g.SG 

trace 
S.25 
4.64 
2.51 
1.12 
0.27 

98.97 

U . S. G. 

Remark. "Along the north side of Wind lake, the e formations, the red and 

the gray, are somewhat interbedded, and 0 brecciated and mixed that the bluffs are 

. potted promi cuously with the two colors. 'ometimes, al 0, they seem to have 

been fll. ed and blended into a rock that is neither red nor gray." N. R. W. 

No. 782. GRANITE (wilh viol ite). 

Soutbea,;t ::lido of Wind lake; pel'bap. in S. E. ?it sec. 15, T. GCl-5 W. 
Ref. Annual Report, x, page 101. 

Meg. A fine-grained, granitoid rock, pinki 'Il-gray III color, composed of feld

spar, quartz and biotite. 

Jllic. The section shows a fine-grained granite, compo ed of (juartz, fe ldspa)', 

biotite, magllf'fite and a little (' /i1ol'ite. Most of the feldspar i. considerably clouded 

and appears to be ortilOtl({SPj some of the least clouded grains have the characters of 

a plagioclase neal' oli,r;orirl!;p. One section examined. 

A,(Jp. Cabotian. u. i:L G. 

No. 783. QUARTZ·PORPUYRY(?) 

Soutbea. t side of Wind lake; pel'hap,; in S. E . ?it sec. 15, '1'. Q.'3- fi \V. "This is ono of Lbo metamorpbosed 
~alld9tones of Lhe Cuprifel'ous." 

Ref· Annual ReporL, x, pages 101, 121. 

Meg. A very fine-grained, granular rock of n, flesh color. The minerals appeal' 

to be quartz, feldspar and bioti teo '1' he rock looks 111 uch 1 ike a fine-gl'ai ned feldspat bi c 
qual'tzyte. --

' Bul/elill ii, p . 97. 
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~lJic . The section is composed of a very fine-grained granitic mosaic of quartz, 

/eZ(lspal', biotite and mCl.qneit'te. The feldspar is much clouded and often considerably 
reddened; its species was not determined carefully, but it appears to be o?·thoclase 

largely. Scattered through the section are a few considerably larger grains of quartz 
and of highly altered feldspar. These grains, which bave the appearance of porpby

ritic crystals, do not have crystal outlines, but have serrate borders into which fit 

the smalleT grains of the groundmass. The section resembles some of the metamor

phosed quartzytes of Pigeon point, but has no distinctly fragmental characters. It 

al'o resembles a quartz-porphyry with a micro-granitic gl'oundmass. No definite 

statement can be made from the section alone as to whether this is an acid igneous 

rock or a recrystallized sedimentary. One section examined. 

il,r;p. Cabotian. U. S. G. 

No. 784. QUARTZ·PORPHYRY. 

CIA t tbe place where tbe portage trail leaves Wind lake is a bluff wbich, in form, is a duplicate of the red 
quartzyte bluffs at New Vlm, and in Rock and Pipestone counties. 

"No. 784 is from tbis blu f1', and constitutes tbe most of it. It is a hard, red, fine, sub·gl'anitized qual'tzyie, 
somewhat sprinkled witb darker specks, tbat may be chloritic 01' micaceous, or graphite, and having rarely a 
distinct crystalline grain of orthoclase. It is in distinct sedimentary layers that dip south at an angle of 20° to 
2:)°." Perbaps near tbe centre of the S. E. 7-! sec. 15, '1'. 6:3- :) W. 

Ref. Annual Report, x, pages 101, 102. 

Ale.r;. A very fine-grained, granular rock, of a flesh color, and re. embling No. 

783. Small porphyritic crystals of quartz and feldspar are present. 

Mic. The section shows a quartz-porphyry with a microgranitic groundmasR, 

~Ll1d is quite similar to No. 783. The porphyritic crystals are more marked than in 

o. 783, and some of the guartzes show bipYl'amidal outlines. 

Two sections examined. 

Jlge. Cahotian. U. s. G. 

Remark. 'rhe feldspar "phenocrysts" embrace the fine qnartzes of the ground

mass poikilitically. This is an instructive section, which, taken with No. 783 and 

similaL' changed q nartzytes of Pigeon point, ill nstl'ates the manner of gene i of this 

rock. N. H. W. 

No. 785. DIABASE. 

This rock occurs ill irregular patches and areas, apparently in No. 784; showing on the face of the bare 
bluff rounded off by glaciation. 

Ref. Annual Report, x, page: 101, 121. 

ilIff). A very dark, greeni. h-gl'ay, fine-grained diabase. 

Mic. The section sho\NS rathedresh, small, lath-shapedzila.r;iocl((ses in aconsicl

erahly altered fine-grained background, which consists of a li ttle unaltered ((ugi l (', 

it o)'n7Jte?ICle, cltlon:te, magnftite, biotite and a little pyrite. 

One section examined. 

Age. Cabotian. U. S. G. 

., 
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No, 786. GABB:r..O . (Gramllitic,) 

Portage between Spotted Rock and South Side lakes, bllt north of the summit crossed by this portage; 
perhaps in N. E. ~ soc. 23, T. 63--5 W. 

Ref. Annual Report, x, page 103; Bulletin ii, page 91. 

1J.feg. A fine-grained, browni h, granular rock. 

JIic. The section show a fine-grained, granular aggregate composed essentially 

of playiocTase, P.lJJ'o,t'(,Jle and ///({glletite. The pyroxene is both orthorhombic and 

monoclinic. Biotite, sometimes in large plates, i also pre, ent. 
Two sections examined. 

~lge. Cabotian. 

Remads. Thi rock closely resemble o. 69 . u. . G. 

o. 7 7. GABBRO (with olivine). 

On arne portago as ~o. 7 G, but south of the summit. 
Ref. Annual Report, x, page 103: Bulletin ii, pages 39, 90, 91, plate III, figure 1. 

Heg. A medium-grained, gray, granitic rock, composed of feldspar, pyroxene, 
olivine and magnetite. 

Jli('. M, E. Wad worth' de cription of thi ,ection is as follow :* 

" A grayish medium-grained rock, compo ed principally of a clear, gla sy feldspar 

holding browni 11 oliville, di({llage and 111 Clfjl/etitf. The section is compo ed of clear 

feldspar, holding yellowi. h-brown olivine, darker brown ell staNte, and mal/lletite. 

"The feldspar show a clear brilliant polarization, while the polysynthetic 

twinning according to the albite-peri cline law is marked even in common light. 'fhe 

fibrous alteration has begun to appeal' along tbe cleavage plane and fi ures giving 

it, in places, the common cloudy appearance een in feldspars of conside'rable age. 

The olivine, tands next in abundance to the feldspar and is much fi sured with a 

yellowi h ferruginou taining along the fi sure...;, and sometimes even extending 

through the entire mas. of the mineral. It contains ome magnetite, part of which 

is secondary, while the olivine itself appears to be foreigD. 

"The el/statite i mostly built out upon the oli viDe grains as an apparent con

tinuation of them but only rarely do they correspond in optical orientation. The 

enstatite hows the beginning of alteration, indicated by a brownish color, and .the 

development of fine smoky ferruginous bands parallel to the principal cleavage 

It also has an irregular cross fracture. The magnetite is of tell bordered by forming 
fibrous biotite. t 

"This rock answers to the oli vine-noryte of Rosenbusch, and in its structure it 
somewhat macroscopically resembles some of the basaltic meteorites. Figure 1, 

plate III, shows the structure of the rock." One section examined. - • Bulletin ii. pp. 90, 91. 

I . +lnvING: COPlJe1'-Bca?'inq R ocks, 1888, p. 51; HAWES: Lithology of New H<t1npshil'l' , 1878. p. 205; WADSWORTI1: Lit1lo-
ogtCal Sludie.~ , 1884, p. 77 . . 

36 
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Age. Cabotian. 
Rema1·7c. The section studied by Wadsworth was a very unfavorable one. 

Having later had a better section prepared by Marchand, several features of this rock 

are distinctly presented. (1) The olivine is in somewhat spreading masses with 

smooth outlines, and somewhat embraces occasionally the labradorites whose outlines 

are also rounded, thus resembling the olivine of rock No. 258. (2) The few magnetite 

grains ar.e surrounded by brown hornblende, rather than by biotite.* (3) The 

border of pyroxene that surrounds the olivines is augite, with occasional close 

twinning with some other pyroxene, and but rarely presents the lamellation charac

teristic of diallage. Sometimes two growths appear in the same grain, the older 

being corroded and surrounded by the later, and of different orientation. N. H . W. 

No. 788. GABBRO. 

East side of Burntwood lake; perhaps in N. E. 7.( sec. 9, T. 62-4 W. The country rock. 
Ref. Annual Report, x, page 104; Bulletin ii , page 101. 

lJIer; . A medium-grained, rusty, granitoid rock, composed of feldspar and black 

minerals. 
Mic. M. E. Wadsworth's description of this rock is as follows:t 

"The section is composed of felclsp(l1', augite, hornblende, biotite, qual·te, apatite, 

magnetite, etc. The feldspar is altered and kaolinized in part, and is both oTthoclase 

and plagioclase. The augite is of a brownish color, and along its borders, and some

times throughout much of its mass, has been altered to a greenish fibrous and scaly 

or leafy substance. This, in places, possesses the characters of green hornblende, 

and in others those of biotite. The apatite and quartz are clearly secondary, both 

occurring in the secondary hol'll blende. The augite and part of the magnetite and 

feldspar are the only original minerals left." 

One section examined. 
Age. Cabotian. u. s. G. 

No. 789. GABBRO. 

Portage from Burntwood lake (probably) to Temperance River lake (called Descent lake on the map, 
plate I of the 'l'enth Annual l-?eport)j perhaps in W.L2' sec. 10, T. 62-4 W. 

Ref. Annual Report, x, page 104; Bulletin ii, page 87. 

Meg. Very similar to No. 788. 
Mic. The section shows an altered gabbro, the augite being largely replaced by 

hornblende and the feldspar being much kaolinized. Quw·tz and rtpatite needles also 

occur. 

One section examined. 

Age. Cabotian. U. S. G. 

* Brown I:ornblende! having its JOa XimUlll extinction angle sometimes as low as onc degrce, and beillg highly pleochroic in 
the same colors, IS eaSIly Imstakcn for blOtitc. 

t Bulletin ii, p . 101. 
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No. 790. BASALT. ( Amygdaloidal. ) 

Portage from a small lake (jn se ,;.2::\ and 24, T. 62- 4 W.) to Poplar River lake (otherwise called PIne lake); 
the sample i. from near the Poplar River lake end of the portage, and probably from N. W. x: N. E. x: sec. 25, 
T. 62-4 W. 

Ref. Annual Report, x, page 104. 

Meg. A very fine-grained, dark-gray rock, indistinctly blotched with small 

areas of lighter color than the main mass of the rock. 

JJIic. The most noticeable feature of the ectiol1, when examined without the 

micro cope, is the pre ence of numerous mall, white blotches, which have the 

appearance of amygdaloidal (po ibly p eudamygdaloidal) cavities filled with white 

material. The background of the section i much darker colored than are these 

white areas. Some of the e areas have a border darker than, and passing gradually 

into, the main mas of the section. In a few ca e a white area is composed of a 

light colored outer rim, then a dark band, and within this dark band a lighter area 

of about the same color a the main mass of the section. These white areas 

frequently have a browni, h . tain. 

Under a low power and cro ed nicol the background of the section reminds 

one of a glas y rock which has devitrified to a very finely crystalline aggregate in 

which are some original, minute, plagioclase lath. Under a high power the 

background of the rock is een to con ist of minute laths of pla.r;ioclase feldspar, in 

irregular grains, and many minute and more or 1e s rounded grains of magnetite and 

a nearly colorle s mineral; and the resemblance to a de vitrified rock is not so 

noticeable as under a low power. The nearly colorless mineral ha a higher index of 

refraction than the feld pal' and also a stronger double refraction, commonly polar

izing in yellows or reds of the fir t order, while the feldsl?ar shows grays. This 

mineral is perhaps (lu.qite. 

The lighter colored amygdaloidal area. are composed of quartz, feld. pal' and 

large amounts of a granular mineral, whose index of refraction is higher than quartz 

and whose double refraction i. stronger, but apparently not so strong as that of the 

augite-like mineral of the main mass of the rock which it resembles. This granular 

mineral appears like epidote, but its double refraction is not marked enough for 

epidote. In these lighter colored areas magnetite is in only small quantities. 

The lighter and darker color of different parts of the section is due mainly to the 

scarcity or abundance of these magnetite grain 

One section examined. 

Age. Cabotian. 

No. 791. BASAL'l'. 

West shore of Poplar River lake; probably in the E. ;~ sec. 2.), T. 62-4 W. 
Ref. Annual Report, x, page 104. 

U. S. G. 
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},feg. A very fine-grained, very dark, greenish-gray rock, compact and resembling 

a fine-grained diabase. 
Mic. The section is composed of small, much kaolinized plagioclase laths, 

arranged by flowage, augite and much magnetite. The augite is thickly set with 

minute grains of magnetite and has altered in places to a confused mass, rich in 

magnetite. It is possible that some of these apparent altered angite areas represent 

an original unindividualized base. 

One section examined. 

Age. Cabotian. U. S. G. 

No. 792. DIABASE. 

Poplar river; N. E. 7.<i: sec. 20, T. 60-3 W. From the foot of a precipitous hill facing north; part of the 
Sawteeth mountains. This sample is probably from the place known locally as "the rock pile." Compare 

No. 455E. 
Ref. Annual Report, x, page 105. 

~Meg. A medium-grained, dark, yellowish-gray diabase. 

Mic. The section shows chiefly plagioclase laths and augite, the latter later 

than the former and commonly in opbitic plates of considerable size. There is much 

secondary, green, chloritic material, also some magnetite. A few yellowish-brown 

areas (bowlingite~) are present; these are probably the results of alteration of olivine 

or original augite. 

One section. 

Age. Cabotian . u. s. G. 

No. 793. DIABASE. 

From the foot of the last hill (nearest lakc Superior) on the west side of Poplar ril'er; 600 fect above the 
lake. Probably in N. E. 7.<i: sec. 29, T. 60-3 W. 

R ef. Annual Report, x, pages 105, 106 . 

. 1feg. A rather fine-gra.ined, yellowish-brown diabase. 

Mic. The section is considerably altered and has much yellowish and greenish 

alteration material, cd, 0, some secondary QIlCt'J"tZ . There are small laths of plagioclase 

and au.r;de, the latter not in ophitic grains, but, in part at least, later than the feld

spar. Some olivine, or the alteration product of olivine, is present; also magnetite 

and hematite. One section. 

A.ge. Cabotian . u. s. G. 

No. 794. DIABASE. 

"From the same hill [as No. 793], one-fourth w~y up." 
Ref. Annual Report, x, page 1C6. 

,lIe!). Similar to No. '793. 

Mic. Similar to No. 793, but not quite so much altered. One section. 

Age. Cabob.an. u. s. G. 
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No. 795. DIABA . K (POI'P7IY1·?Jte.) 

"From the same, one-half way up. Tho Barne rock [as No. 794.J with coarsor feld~par crystals." 
Ref. Annual Report, x, pago 106. . 

.lIeg. Similar to o. 79G, but the phenocryst are small and comparatively 
carce in .N o. 793. 

JIic. The slide i in general imilar to os. 793 and 794, but contains one large 
porphyritic feldspar. 

One section. 

Age. Cabotian . 

No. 796. DIAH.Af-n~ . ( P01plt U1·ute. ) 

"From the top of tho hill, 1,111 feot abo l'e lake Superior." See under No. 703. 
Ref. Annual Report, x, page lOG. Oompare No. 4.5GE. 

U. S . G. 

llIeg. The rock i · a rather fine-grained, gray diabase, similar to Nos. 793 and 

794, but it contains numerous porphyritic plagioclases of a yellowish-gray color. 

The e phenocryst are mostly from a half inch to an inch across. 

Mir. The grol1ndmas of the rock i in genera.l similar to o . 793 to 795, i. e., 

it i ' compo ed of lath-sbaped pla.CJioclases, au,rlite, olivine, iron ore and alteration 

products. In addition there is a cloudy gray feld par in ilTegular grains, which is 

of later date than the lath-shaped feld. pars, and which seems to have been the last 

mineral to crystallize. All the feldspar, including that in phenocrysts, i more or 
less kaolinized. 

Two ·ections. 

Age. Cabotian. l ' . S. G. 

TO . 797. D[ABASE. 

'l'aylor's Falls. 

Ref. Annual Report, x, page lOG; Bullotin ii, page 114. 

lIIeg. A fine-grained, greeni h-black diabase with marked areas of poikilitic 

augite, which give a "lustre-mottled" character to the rock. One of the specimens 

has a considerable area of "chaldedonic" quartz. 

JIic. rfhe rock and sections are imilar to o. 820. 
'I.'111'ee sections. 

Age. Cabotian. LT. s. G. 

No. 79. DIABA. E. (Porphuryte.) 

Taylor's Falls. 

Ref. Annual Report, x, page lOG. 

JIeg. A medium-grained, yellowish-green diabasic rock with porphyritic crys

tals of brownish plagioclase. The rock ha been considerably altered and has much 

epidote developed in it. '11he specimen i . cro eel by a vein of epidote and" chalce-
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donic" quartz, the fonner mineral forming the most of the vein, and, where the 

quartz occurs, making the sides of the vein, the quartz being in the centre. There 

are also a few areas, probably pseudamygdules, of quartz. 
Mic. The sections show a much altered diabase porphyryte. The minerals are 

mainly feldspar] hornblende, epidote, chlorite and iron ore. The chlorite is frequently 

developed in the feldspars, which are also kaobnized. 

Three sections. 

Age. Cabotian. 

No. 799. GRANITE (with homblende ). 

U. S. G. 

"Saganaga lake. The first island on entering the lake from the east." S. % N. E. 74: sec. 4, T. 66-4 W. 
Ref. Annual Report, ix, page 84; Annual Report, x, page 106. 

Meg. Coarse-grained, gray granite, composed of feldspar (white to pinkish), 

quartz (in large grain) and hornblende. A typical sample of the Saganaga granite. 

Mic. Same rock as No. 316. 

Three sections. 
Age. Archean (igneous). u. s. G. 

No. 800. GRANITE (with 7w?'J~blende) . 

Falls of Gunflint river at the first portage going north from Gunflint lake. N. E. 74: sec. 13, T. 65-4 W. 
Ref. Annual Report, ix, page 83; Annual Report, x, page 106. 

Meg. Rock like No. 799, except that No. 800 has the hornblende more altered 

and more epidote developed. 

Mic. Same as No. 315. 

One poor section. 

Age. Archean (igneous). U. S. G. 

No. 801. GRANITE (with biotite and hO?'nblende). 

From S. E. Ji sec. 17, T. 35-30, about two and a half miles southeast of St. Cloud, on the east side of the 

Mississippi river. 
Ref. Annual Report, x, pages 106, 107; Bulletin ii, pages 85-87. 

Meg. A coarse-grained, gray granite composed essentially of feldspar (white to 

pinkish), quartz, hornblende and biotite. 
Mic. M. E. Wadsworth's description of this rock is as follows:* 

"A dark-gray, coarsely-crystalline roek, composed of h01'J~blende, biotite, pinkish 

and gray feldspar, qua1·tz and magnetite. Under the microscope it is seen to be com

posed of the above minerals with titanite, apatite and microliths. The feldspar is in 

part plagioclase and in part oTthoclase, but in both cases the feldspar material seems 

to be of a secondary origin, replacing other feldspars and in part retaining their 

cloudy kaolinized ma.terial and striations. The feldspar also, in places, shows some 

*Bulletin ii, pp. 85-87. 
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of tbe common inclusions found in the feld. 'par of gabbros. Tbe hornblende is green, 

like tbat of No. 305, and filled in the same manner, but more abundantly, with 

apatite. Some of the biotite bows tbe polarization phenomenon produced by the 

grinding, a tbe preceding o. 305, but the band very il'l'egularly cro s one anotber. 

The quartz is like that of the preceding. While this rock, in it present tage, makes 

a gooclrepresentati ve of a biotite-hornblende-granite, it is believed to be but a further 

stage in the alteration process than that shown by No. 305. In both we have the 

same general characters in their minerals, except that in No. 305 part of the diallage 

remain, wbile in o. 801 it bas been entirely changed. Macroscopically tbis rock 

is like part of the preceding rocks, and tbis olution of it structure would account 

for the later origin of tbe quartz and its impres ion by tbe other mineral in all 

so-called granites baving tbe same origin as thi . 

"One portion of tbe rock i darker than the otber, and an analysis was made of 

each portion by profe SOrF; Dodge and Sidener, with tbe following re ults: 

Light P ortion . Dark Portion. 
SiO. 61.19 58.77 
A1 ,0 3 15.22 13.12. 
Fe20 s 3.20 5.45 
FeO 3.55 6.87 
MoO trace trace 
CaO 7.94 5.99 
MgO 2.38 4.93 
Na ,O 3.17 1.94 
K,O 2.62 2.83 
H,O 0.40 0.45 

Total 99.67 100.35 

" The. e re ults indicate either that during alteration the ba ic rocks become 

more acidic by alteration, as the writer 'bowed'" was tbe ca e for the peridotytes, 01' 

e1 e that this rock is from a more acidic group than the ba alts, and that the writer 

has wrongly. placed it with the altered gabbros." 

Three sections. 

Age. Archean (igneous) . 

Remade. The portions of the rock which are darker colored are simply areas 

in which the hornblende and biotite are concentrated. Tbe writer would put this 

rock with the original granites, 01' the quartz diorytes, ratber than with tbe altered 

gabhros as does Dr. Wad worth. u. s. G. 

No. O~. DIABASE. 

From a dike four feet wide, running southwest and northeast , and cutting No. Ol. 
Ref. Annual Repor t, x, page 107. 

Meg. A fine-grained, heavy, black, diabasic rock. One side of the specimen, 

which is finer grained than the r est of the specimen, evidently represents the side of - *iJUholog icaIStU(lies, 1884, pp. 186-189. 
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the dike and has along it a small amount of the granite. Cleavage faces of feldspar 

are scattered thickly through the rock and are very evident, owing to the finer 

grained state of the other minerals, on the contact side of the specimen. 

Mic. The section shows plagioclase, augite, magnetite, hornblende, chlorite 

and calcite. 
The plagioclase occurs in numerom:;, small, lath-shaped crystals, and also in larger 

grains of irregular outline. These larger grains are of later date than most of the 

lath-shaped crystals, but there is not a very sharp distinction to be made between 

the two forms of feldspar, all gmdations from the laths to the irregular grains being 

seen. Albite twinning, especially in the laths, is common, and pericline twinning 

IS rare. Equal extinction angles on either side of the albite twinning line in sections 

cut normal to 010 run up to 30° in the lath-shaped crystals, indicating acid Zabrado1'ite. 

The irregularly outlined feldspars are apparently a little more acid than the lath

shaped crystals and are probably andesine. 
The angde is later than at least the lath-shaped feldspar and occurs usually 

in small grains, but sometimes larger areas are found which assume an ophitic 

relation to the feldspar. The irregular feldspars appear about cotemporaneous with 

the augite, although this relation is not very marked. The augite is of a light 

cinnamon color and is slightly pleochroic. It has altered in quite a large measure 

to green fibrous hornbLende and chlO1·ite, with some calcite. 

J.llagnetiie is abundant in small grains and is often enclosed in the augites. 

One section. 

Age. Dike, perhaps of Keweenawan age, in Archean granite. O. S. G. 

No. 803. GRANITE (with l101'nUlencle). 

From af! old quarry of Breen and Young, East St. Cloud. 
Ref. Annual Report, x, pages 107, 121; Final Report, vol. i, pages 144,145,196-199 (No.6), plate A, figure 5. 

lIfeg. A coarse-grained, reddish granite, composed of reddish feldspar in 

abundance, and quartz an 1 hornblende in smaller amounts. Some of the feldspar 

is in larger grains than the average mass of the rock, and thus a sub-porphyritic 

aspect is given to the hand specimen. 

Mic. rehe main part of the section is composed of large grains of feldspar and 

also of qucwtz, which, however, do not show crystal outlines. The e larger grains 

interlock with each other and also with smaller grains of feldspar, quartz and horn

blende, which smaller grains form a groundmass, but of small quantity, for the rock. 

The feldspar is considerably clouded, but appears to consist of orthoclase, micropeTthite, 

mic1'ocline and oligoclase. The h01'1~blencle is in small amount, and is greenish to 

brownish in color. It is strongly absorpti ve, the ray which vibrates approximately 

parallel to the vertical axis being almost entirely absorbed. 
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A partial chemical analysis of this rock gavc the following results: 

SiOz 
AlzOs 
Fe,Os and FeO 
CaO 
MgO 
Na,O 
K,O 

Total 

One section. 

Age. Archean (igneous). 

No. 04. GEISS (with biotite). 

Granito City. Morrison county. 
Ref. Annual Report. x, pagd 107 . 

74..43 
12.68 
3.82 
1.28 
0.25 
1.91 
2.25 

96.62 

553 

U. S. G. 

.11eg. A medium to coarse-grained granitic rock, composed of white feldspar, 

quartz and much biotite, the plate of the last mineral giving a gneissic structure to 

the rock. 

lifie. The section i composed largely of feldspar . This is mainly microcline and 

orthoclase. All the feld par is more or less clouded, and there are some mall rounded 

grains of this mineral embraced in larger grain of the same. These smaller grains 

are so much altered as to be almost opaque. Qllartz and biotite are also present. 

There is a little chlorite, apparently an alteration product from biotite, and III one 

small area are many lIluscocite scales. 

One poor section. 

Age. Archean. U . . G. 

No. 05. GRA rITE (with biotite anrllumtblcJlde). 

Watab, Benton county. 
Ref. Annual Report, x, page 107. 

Meg. A coarse-grained, pinki. h granite compo ed of pinkish feldspar, q ual'tz, 
biotite and hornblende. 

Jiie. The sections show mnch feldspar apparently orthoclase, 'IJIicroperthite

abundantly twinned plagioclase near oliyoclaiie, and microc1ill e. There are also some 

quartz, biof1'te, llOl'nUlenrle and a few apatite needles. The biotite is sometime in 

small, irregular areas and shreds, surrounded by areas of minute flake' of the same 

mineral. Such areas are regarded as secondary. '],111ere is a little micropegmatyte 
of quartz aud feldspar. 

Two sections. 

Age. Archean. u. s. G. 

No. 80G. GRANITE ( w ith homblende and biotite) . 

Watab. Benton county. 
Ref. Annual Report. x, page 107; Final R eport, vol. i, pages 144, 145,196-199 (No. 10). 



554 THE GEOLOGY OF MINNESOTA. 
[Quartzyte. Granite. 

Meg. A coarse-grained, gray granite composed of white feldspar, quartz, biotite 

and hornblende. 

JIic. Feldspar, quartz, hornblende, biotite, chlorite, as an alteration product of 

hornblende and biotite, and 1Jlagnetite. Sphene is common, and there is a little epidote. 

The feldspar is orthoclase, mic}'ope?·tliite and plagioclase. The last is in great quantity, 

and is abundantly twinned, in some cases the twinning being exceedingly minute. 

This plagioclase is probably both ol1;goclase and ano?·thoclase. 

A eb emi cal analysis of this rock gave the following results : 
Si0 2 

AI '2 0 a 
F e 20 3 and FeO 
CaO 
MgO 

a 20 
K 2 0 
H 20 

Total 

Two sections. 

Age. Archean. 

Duluth. 

No. 807. QUARTZYTE. 

R ef. Annual Report, x, pages 107, 108. Compare rocks No,'. 44, 1966 and 1967. 

78.12 
11.14 

2.68 
0.62 

trace 
3.33 
4.48 
0.43 

100.80 

U. S. G. 

J.l[eg. A compact, very fine-grained, dark-gmy to black, reddish-weathering, 

almost flint rock. This rock underlies the diabase No. 43, and in the field appear8 

to be a part of No. 42. It overlies No. 808. 

Mic. The section consists of small, irregular grains of quartz, and a red, cloudy 

feldspathic substance which acts almost as a cement to the quartz grains. A little 

chlorite and magnetite are present. 

One section. 

Age. Animikie. 

Rerna1·!cs. This rock resembles some of the very fine-grained, metamorphosed 

quartzytes or quartz slates of the Animikie at Pigeon point. u. s. G. 

No. 808. GRANITE. 

Newson's old quarry, Duluth . Underlies No. 807. 
R ef. Annual Report, x, pages 108, 109. 

1.1eg. A medium-grained, reddish, granitic rock, composed mainly of reddish 

feldspar and quartz. 

Mic. The section shows one of the usual" red rocks." There is much quartz 

and clouded and reddened feldspar, the red color being due to the presence of much 

finely divided hematite. Chlorite is present, also a little epidote, One section. 

Age. Cabotian. u. s. G, 

\ 
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No. 809. SHALE. (Reel. ) 

Boyle's quarry, on the railroad above Fond du Lac. 
Ref. Annual Report, x, page 100; Annual Report, xiii, pages 100, 103 (No. 166). 

Meg. Soft, fine-grained, red shale, with a few small, gray, circular areas, which, 

aside from the color, do not appear particularly different from the reo t of the rock. 

A chemical analysis of t.hi,:; rock gave' the following rcsults : 
SiO, 
AI,Os 
Fe,Os 
FeO 
CaO 
MgO 

a 20 
K,O 
H 20 

48.92 
18.45 
16.88 

0.57 
0.70 
3.68 
0.4.8 
1.32 
7.14 

Total 98.14 

No section. 

Age. Upper Cambl·ian. u. s. G. 

No. 810. ANORTI-lOSYTE. 

Two and a half or three miles below Beaver bay. 
Ref. Annual Report, x, page. 109, 110; Bulletin vi, pages 126, 421. 

},leg. An extremely coarse-grained mas of plagioclase feldspar, frequently 

showing albite twinning. Compare 0.814, which is coarsely laminated as a rock. 

Mic. The , ection, except for small impurities or products of alteration, is of 

plagioclase, commonly showing broad albite twinning lamellce. rrhere are some 

small earthy areas which may I'epresent the alteration products of augite inclusions. 

Kaolin and chlorite are present as alteration products, also a little of a brownish 

mineral in cracks. Cleavage chips of the feldspar parallel to 001 gave extinction 

angles of 22° and 23°, and tho e parallel to 010 gave angles of 30° and 32°. 'rhese 
angles indicate bytownite. 

One section. 
Age. Cabotian. U. ' . G. 

No. 11. G RA I T E. 

" From the large red ·grani te bland , thl'ee or foul' m il es belo w Beaver bay, which is arched on the lake
ward side." 

Ref. Annual R eport, x, page 110. 

j1,fe,q. A medium-grained, dark-red granite, composed of red feld 'par, quartz 
and some dark material. 

Mic. The section shows one of the usual" red rocks." The minerals are f eld
spa)', altered and much reddened, quartz , hematite and magnetite. The quartz and 
feldspar in places are intergrown in a pegmatitic manner. 

One section. 

Age. Cabotian. u. s. G. 
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No. 812. ApOBSIDIAN. 

Two miles west of the palisades, north shore of lake Superior; S. E. ~ sec. 32, T. 56- 7 W. 
Ref. Annual Report, x, page 110. 

J1eg. A very fine-grained, reddish-gray, homogeneous rock, except for a few 

small areas, which appear to be feldspars, and some linings which are brought out by 

weathering. These linings are probably due to some flowage 'phenomena in the 

original rock. 
]lic. The section IS composed essentially of fine-grained quartz and jeldspa?'. 

'rhe latter is much altered and the former exists in small, irregularly outlined, 

poikilitic areas. This rock is undoubtedly a devitrified glass. There are throughout 

the slide specks of iron ore and of a gray opaque substance. 

Age. Cabotian. u. s. G. 

No. 813. ApORHYOLYTE. 

Great Palisades, north shore of lake Superior; sec. 22, T .. 56-7 W. 
Ref. Annual Report, x, page 110. 

Meg. This rock is almost identical with No. 140(7). 

Two sections. 

Age. Cabotian. 

No. 814. ANORTHOSYTE. 

U. S. G. 

Two and a half or three miles east of Beaver bay, north shore of lake Superior. Compare No. 694. 
"There is one place two and a half or three miles east of Beaver bay, where the' feldspar rock' is bedded, 

and dips easterly in all respects like the us ual trap of the shore. It here shows also a confused mixture with the 
trap, in which, in other places, it seems to be (and is) 6mbraced as isolated masses, as at Splitrock point. This 
bedded condition is very evident in coming from the northeast, as the conspicuous surface slopes in that direc
tion. Narrow dikes of fine-grained, gray doleryte cut the feldspar rock. One dike i ' six inches wide and one is 
about nine. They are about parallel, twenty-five feet apart, and run east and west by compass. The feldspar 
here is very coarsely crystalline, and is represented by TO. 810. The alternate beds consist of bands of coarse 
crystals succeeded by layers of fine crystals, in which are also numerous grains of a more rapidly disintegrating 
mineral which, by becoming disseminated, s tains the whole of a g reen color. This disintegrating mineral seems 
to take the place of the augite scen in the gabbro; therefore the' bedding' is an alternation of gray, coarse feld 
spar with green, decaying gabbro. No. 814 represents the feldspar s tained with the g1' en-weathering mineral. 
The bands of color are from three to six inches, fading into the uncolored, clear feldspar above and below. 
About twenty feet of this bedded feldspar can be seen here." [N. H. IV.] 

Ref. Annual Report, x, pages 80, 110, 111, 115; Bulletin ii, page 95; Bulletin vi, pages 126, 421; volume iv, 
page 302. 

J.l1eg. A rock composed of coarse-grained, greenish-gray plagioclase and a much 

smaller amount of a soft black mineral, probably serpentine. 

Mir'. The section shows a few large grains of plagioclase abundantly twinned 

according to the albite law, and with a few pericline twinnings. There is a small 

amount of greeni h and brownish (chlorite and serpentine) alteration products. A 

cleavage chip of the feldspar parallel to 001 gave an extinction angle of 30°, and one 

parallel to 010 gave 33°, indicating bytownite. 

One thick section. 

Age. Cabotian. U. S. G. 
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No. 81() . DIABASE. 

Same place as No. SU. The rock that mbraces the anol'thosyte masses. 
Ref, Annual Report, x, page 111. 
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11Ir:.q. A medium-grained, yellowi h-black diaba e, showing" In h'e-mottling" 

indi tinctly. 

Mir. A diaba e compo ed of plagioclase laths and augite, the latter frequently 

ill large ophitic areas. There are many greeni h-yellow areas (perhaps bOlrlinqite) 

which are thought to represent originalolivines; also secondary cltloJ'Ue and some 

magnetite . . 

One section . 

Age. Cabotian. U. S. G. 

No. 1G. GABBRO . 

Beaver Bay. Compare No .. 532 and 551. 
Ref. Annual Report, x, pages 3S, 41, 4S, 112; Bulletin ii, page S:'5:%' 

Meg. There are two hand sample. One i a coarse-grained gabbro composed 

largely of plagiocla e; it i similar to 0.1. The other sample i a. medium-grained, 

almost black rock with are. inous lustre. It i composed of feld pal' and olivine 

more or Ie s altered. These are embraced in the manner of foreign pieces in the 

trap at Beaver bay. 

Mic. The section is made from the econd hand sample and hows a /oJ'ellen

stein. The rock i compo. ed essentially of plagioclase and olivine, both minerals being 

much fissured. The oli vine is in general of earlier dat.e than the feld par, but in 

places they seem to have crystallized nearly imultaneou ly. The olivine is altering 

along the fissure, and in some grain,' the alteration is complete to a yellow serpen

tine-like mass. With thi alteration of the olivine, considerable magnetite has been 
developed. The feld par commonly shows a,lbite twinning, and, a ide from the 

fis uring, has not been altered much. Sections cut approximately normal to 010 

show extinction angles up to 31°, and a , ection nearly normal to c gave an extinction 
angle of 25°. Neither of these determinations wa, very accurate, as the sections 

were not cnt exactly in the propel' directions, but the results would indicate a 
feldspar neal' labl'ClclO1 ·ite. 

One section. 

A,cfe. Cabotian. u. s. G. 

No. 817. SHALE. 

Two Harbor bay, north shore of lake Superior. 
Ref, Annnal R.eport, x, pages 40,114,115. Compare 0.525. 

Meg. A gray to pink shale, the pink color being due apparently to laumontite. 

This rock lies below the Beaver Bay diabase where charged with masses of feldspar. -
this ' There is some mi take abou t the description, given on th.is pag(:>, of ),O('k No. 816. We fu,d no section marked 816 to whioh 

descrIption would apply, nOr could a section of that nature be made from eIther of the hand samples marl{ed 816. 
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Mic. The section shows a rock with a very fine-grained background, which is 

composed of minute grains of quartz, cloudy jeldspCl1', chlo),ite, epidote, 1naqnetite and 

hernat1'te. Throughout the section are larger, more or less angular grains of quartz 

and feldspar, and also many sub-angular and rounded grains of a colorless mineral. 

rrhe grains of this mineral are usually stained with hematite along the borders and 

sometimes the hematite stain and an incipient cloudiness penetrate the grains. 

This mineral is biaxial; positive, has a double refraction a little weaker than quartz 

and an index of refraction higher than quartz, although the appearance of a higher 

index of refraction may be. due to the red borders of the grains. The species of this 

mineral was not determined, but it may be heulandite. 

One section. 

Age. Cabotian. U. s. G. 

No. 818. ANORTHOSYTE. 

East side of Splitrock point, north shore of lake Superior. One of many pieces embraced in the dark 
diabase on the east side of the point. 

Ref. Annual Report, x, page 115; Bulletin ii, page 95. 

lIfe.g. A coarse-grained rock composed almost entirely of plagioclase which is 

generally gray in color. There are small areas of reddish feldspar and along the 

weathered surface and joint planes the feldspar is entirely reddened. 

lIfic. The section shows plagioclase, more or less altered and stained reddish, 

and some earthy and greenish alteration products. 

One poor section. 

Age. Cabotian. u. s. G. 

No. 819. DIABASE (with olivine). 

"From the top of the high hill back of Sih-er creek; the highest hill near the mouth of the creek, yet on 
the west side, rising 415 feet above the lake, though a mile further back it rises perhaps 150 feet higher." 

Ref. Annual Report, x, pages 64, 115, 116; Bulletin ii, page 98 . 

Meg. A rather coarse-grained diabase of a yellowish-black color. 

Mic. M. E. Wadsworth's description of this rock is as follows:* 

"Is a grayish-brown rock having a resinous lustre. The section is composed of 

lath-shaped plagioclases cutting through irregular masses of augite, also olivine grains 

and magnetite. The jelcl.':i]J((?·s are quite clear, but are in places somewhat kaolinized, 

and contain a viriditic product as well as the remains of inclusions of the globulitic 

base. Trains of vapor cavities extend in the feldspar and are continued with and 

through the a'u.CJite. This mineral is quite clear, of a brownish color, and shows its 

characteristic irregular cleavage. 

"The olivine is partially inclosed in the augite and is much fissured, with the 

border of the fissures formed by greenish, yellowish and brownish serpentine, which 

* Bulletin ii, p. 98. 
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also borders the grains, and sometimes extends through quite a portion of their mass. 

The olivine is foreign and possibly the magnetite is the same; but if not, ithas been the 

fir t mineral to crystalhze from the magma followed by the fell pal' and lastly by 

the augite, although the last two were nearly, if not quite, contemporaneous. 

"In one portion of the ection the twinning of the plagioclase is seen to be 

dependent upon the pres ure exerted by the solidifying augite ." 

The olivine, in part at least, is of later date than the feldspar. One section. 

Age. Cabotian. u. , . G. 

Hemal'k. In respect to the comparative date of the olivine and the other min-

erals, this rock re em bles os. 258, 512, 703, 757, 1275 and 1842. The augite is 

opbitic. N. H. W. 

No. 20. DIABASE. 

From the railroad cut, Taylor's Falls. 
Ref. Annual Report, x, pages 106, 116-118; l"inal Report, vol. i, pages 196- 199. 

11Ieq. A tough, heavy, dark-gray rock, with medium grain, not much changed, 

the weathered surface specked by the weathering out of ophitic pyroxene. 

illic. The rock icon iderably altered, but the ophitic relation of the feldspar 

with the pyroxene is beautifully exhibited . The feldspars are in two izes or dates 

of origination, the microlith being embraced in the later formed pyroxene. Yet this 

c1istincti0n into two generations is not common. In general the feldspars are of one 

size, and are considerably altered, giving ri e to ('{(leite, muscovite and pennine. Some 

calcites are large. 

The pyroxene grain are so large that, with their included micl'oliths of feld

spar, they individually, sometimes, covel' the whole field of the micro cope (object

ive No.3 ) and embrace from twenty-five to fifty of the small feld pars. In no rock 

have I seen this structure 0 well displayed (see photograph figure 12, plate I). The 

pyroxene is of the form all.rJite when not altered to homUlende. 

rfhe olivine grains are small, and doubtless of the first generation, frequently 

surrounded by magnetite, and so decayed that they have no effect on polarized light, 

being then greeni h. 

Lellcoxene and ep idote, with more 01' less chlorite, serve to becloud the section, 
e pecially when thick. 

Magnetite is quite common, but for the most part is later than the other minerals) 
prevailing in the neighborhood of the olivine. 

Much of the augite, of a date earlier than the large ophitic plage , is surrounded 

by a faintly yellow border that is apparently due to cLlteration. It has different 

orientation from the augite and probably i, related to hornblende. Three sections. 

Age. Cabotian. N. H. W. 
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No. 821. DIABASE. 

Taylor's Falls. 
Ref. Annual Report, x, page 116 . 

. Meg. Similar to Nos. 820 and 822, but the ophitic au gites have changed to a 

yellowish-green material. There al'e also splashes of red color on the pecimen. 

Mic. Similar to the more altered parts of Nos. 820 and 822. The augite has 

all disappeared, and the feldspar also is highly altered. One poor section. 

Age. Cabotian. U. S. G. 

No. e22. DIABASE. 

Same rock as No. 820, but taken near the surface in order to show the brownish·gray weathered spots 
which appear on the exposed surface of No. 820. 

Ref. Annual Report, x, page 116. 

Meg. The rock, No. 820, is flecked with a spotted faint rustiness, the colored 

spots appearing near the natural sLlrface of the ground, and at the surface. The 

spots are from a sixteenth to a qua.rter of an inch in diameter, approximately circular, 

and appeal' to be due to the dissemination of iron oxide from some oxidizing mineral 

having much iron, since at the centres of the spots may be seen frequently a fine 

powder resembling limonite. At other times the spots are simply a light gray color 

pervading the grains of the darker gray mass. 

JJfic. There seems to be no special difference between this rock and No. 820, 

except that hematite can be seen more abundant in some parts of the slide, and 

calcite is noticeable in large areas. 

It is probable that the discoloration, 111 spots, is due to the action of artificial 

heat on the surface, for these rocks were formerly covered with a forest which has 

largely been destroyed by fires . Further, when these spots are neal' the thin weather

coating, they blend with it, all the minerals acquiring a rustiness. The green spots 
mentioned in connection with No. 821 are not due to the same cause, but more 

likely are caused by a deep-seated alteration of some mineral, perhaps pyroxene. 

Age. Cabotian. N. H. W . 

No. 823. DIABASE. 

"Pebbles from the conglomerate forming the lower part of the bluff excavated by the railroad where it 
crosses the highway south of Taylor's Falls." 

Ref. Annual Report, x, page 117. 

J.1Jeg. The pebbles are of the general diabasic rocks of the region; they are con

siderably decayed and do not show the lustre-mottling common to Nos. 820 to 822, 
and they are also finer grained than the most of the adjoining rocks. 

Mic. The section shows a rock composed of minute irregular laths of plagioclase 
and a mass of alteration products, chief among which are Iron ores, chlo1'ite and an 
opaque, gray suhstance. One section. 

Age. Pebbles in the Upper Cambrian . u. s. G. 
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No. 824. DOLOMYTE. 

Taylor's Falls. The upper portion of the matrix embracing the conglomerate where excavated for the 
railroad at the highway crossing, southern part of the village. 

Ref. Annual Report, x, page 117, 

Meg. Completely crystalline, each grain of which is a perfect crystal of rhom

bohedral habit, containing fossils of Lingulce and nodules of coarse calcite crystals. 

Passes upward into regular beds of dolomitic limestone. 

}'Bc. The only substances vi ible belonging to the rock are the rhombohedral 

crystals mentioned, of dolomite and a few small, cattering, angular grains of quartz . 

.lge. Upper Cambrian. N. H. W . 

o. 825. DIABASE. 

Boulder from the conglomerate. (See Jos. 823 and 824.) 
Ref. Annual Report, x, pages 117, 118. Cf., also, C. P . BI!:RKEY: "The Geology of the St. Croix Dalles," 

American Geologist. vol. xx, pages 345-383; vol. xxi, pages 139 155, 270- 294. N. H. WINCHELL : "The Signifi
caDce of the Fragmental Erupti ve Debris at Taylor';; Falls, Minnesota," American Geologist, vol. xx ii, pages 72- 78. 

.Meg. A con iderably altered, rather oft, dark brownish diaba ic rock. On 

one side of the specimen i Q, coating of impure malachite. 

Mir:. The ectiou shows a highly altered diaba e. The outlines of the lath

shaped feldspars can be di tinguished in places, but this mineral is highly altered, 

clouded and kaolinized. Aside from the altered feld pars are iron ore (magnetite and 

limonite), chlorite, epidote and some quw·tz. The whole section is in fact a confused 

mass of secondary products. 

One section. 

Age. Boulder in Upper Cambrian. U. S . G. 

o. 2G. DIABASE. 

At the top of the hill north from No. 25. 
Ref. Annual Report, x, page 118; Bulletin ii, page 119 . 

Meg, A dark-green, fine-grained, diabasic rock, with considerable epidote. 

Mic. M. E. Wadsworth's description of this section is as follows :* 

"'fhe section is that of a highly altered diabase, the only portions of its original 

structure being the remains of the divergent feldspCll's and some apparent opacite 

pseudomorphs after ol·ivine. The rock now is composed of granules and plates of 

secondary minerals like green 

ferrite,opacite, magnetite, etc. 

One section. 

Age. Cabotian. - 'Bulletin ii, p. 119. 

37 

l101'1lulende, ch[o1'ite, v iridite , epidote, qua~'tz, feldspar, 

The epidote, in pale yellowish granules, is abundant." 

U. S. G. 
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[Oonglom erate. Shale. 

No. 827. CONGLOMERATE. 

Taylor's Falls. 
R e! . Annual Report, x, page 119. 

Meg. A rough, porous conglomerate, gray, yellowish , brownish and greenish 

in color. It contains pebbles and fragments of decayed diabasic rock, some of which 

is amygaloidal. 
Mic. The section was evidently made from one of the pebbles. It shows a 

decayed, fine-grained, diabasic rock in general similar to No. 823. 

One section. 
Age. Upper Cambrian. u. s. G. 

No. 828. CONGLOMERATE. 

Taylor's Falls. 
R ef. Annual Report, x, page 119. 

},Ieg. The mat.rix of the specimen is porous, is brownish in color, containing 

considerable iron oxide, and is largely composed of quartz. Pebbles, of all sizes up 

to an inch across, are common. They are sub-rounded or rounded. They consist 

of various materials, among which are quartz, fine-grained, diabasic rock, quartzyte 

and shale. 
}'lic. The matrix is of rounded and sub-rounded grains of quartz, with more or 

less confused opaque materials. The pebbles are of indefinite chaTacter, being mostly 

masses of nearly opaque materials. 

One section. 
Age. Upper Cambrian . u. s. G. 

No. 829. CONGLOMERATE. 

On the St. Croix river, a mile and a half below Franconia. 
R ef . Annual Report, x, page 120. 

lJ[eg. The specimen shows a coarse conglomerate, the pebbles being greenish

gray in color and apparently formed of much decayed basic Keweenawan igneous 

rocks. The matrix of the conglomerate is fine grained, brown in color, and holds 

numeTOUS fragments of Lingula shells. 
Mic. The section is small and is much stained and impregnated by hematite. 

Besides the hematite it consists largely of what appear to be much altered, nearly 

isotropic f eldspar laths. In addition there are some very minute, brightly polarizing 

grains (epidote n The section appears to be that of a highly altered diabase. 

One section. 

A,qe. Upper Cambrian. U. S. G. 

No. 830. SHALE. (Soft·) 

Sioux Falls, South Dakota. 
Ref. Annual Report, x, page 120. 
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flIeq. · A soft, fine -grained, pinkish to white or brown shale (also said to be at 

times of a pea-green color). It is easily Cl'atched with the finger nail. It shows 

numeroUS small, sil ver-like, micaceous scales. I n a closed tube the rock on heating 
gives off water. 

Mic. The section is composed of three essential parts : (1) A few, usually 

angular, quartz grain ; (2) Much very fine, indistinct earthy matter; (3) A fibrous 

and flaky mineral. Thi mineral has the general appearance of muscovite, but not 

the double refraction. There i a good cleavage and the extinction is parallel, 01' 

nearly so, on this cleavage. Cleavage flakes show a bisectrix nearly perpendicular 

to the cleavage; optic angle small, but distinctly biaxial; the mineral is optically 

negative. It occurs also in fan-shaped or almo t vermicular forms, and here the 

fibrous or flaky character is di tinct. The elongation is al ways po iti ve. The double 

refraction is apparently a little less than that of quartz. The species of the mineral 

was not determined certainly, but it emllS to agree best with kaolinite. 
One ection. 

Age. Potsdam. 
U. S. G. 

No. 31. QUARTZYTE. (Spotted.) 

Sioux Fall, South Dakota. 
Ref· Annual Report, x, pages 120, 121. 

Jlleq. A fine-grained, brown quartzyte, containing somewhat irregularlyout

lined spots of a flesh color. These spots vary from about one-sixteenth to one-fourth 
inch across. 

Mic. The section is composed e sentially of small, sub-angular, closely-packed 

quartz grains in a sparse cement of red iron oxide. The spots seem to be due to areas 
in which the red cement is lacking. 

One ser.tion. 

Age. Potsdam. u. s. G. 

No. 832. QUAR'l'ZYTE. (Reel.) 

From Redston e, near New Ulm. 
Ref. Annual Report, x, page 121. 

Meg. A fine-grained, red quartzyte. There are a few small spots of lighter 
color in the rock. 

},fie. The section, hows many sub-angular aqd rounded quartz grains and a 

large amount of red and black iron oxide. There are also a number of grains, 

probably originally jeZrlspal', which are now clouded and stained red or are largely 

made up of small kaolinic flakes . 1'hese small flakes are also quite common between 

the quartz grains. Some of the quartzes show enlargements. One section. 
A,qe. Potsdam. u. s. G. 
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No. 833. SHALE. (Bed and sandy.) 

The lowest rock seen in the railroad cut at Redstone, near New Ulm. 
Ref. Annual Report, x, page 121. 

[Shale. Qllartzyte. Granite. 

llIeg. A fine-grained, red, sandy shale; an impure sandstone. 

Mic. The section shows a rock in general similar to No. 832, but with less 

quart.z and a much larger amount of red iron oxide. 

One section. 

Age. Potsdam. U. S. G. 

No. 834:. QUARTZYTE. (Red.) 

"8lab of red quartzyte from Sioux Falls, showing the finely pitted exterior of the individual sand grains 

on the removal of the white schist, No. 830." 
Ref. Annual Report, x, page 121. 

Meg. No hand specimen found. 

No section. 

A,qe. Potsdam. 

No. 835. GRANITE. (Coa?·se-gmined.) 

From the quarries at East St. Cloud. 
Ref. Annual Report, x, pages 107, 121, 122; Final R eport, vol. i, pages 196-199. 

U. S. G. 

Meg. A coarse-grained, gray to yellowish-gray granite, composed of feldspar, 

quartz, hornblende and biotite. 
}'lic. The section shows feldspClI', quw'tz, dark, brownish-green, almost opaque 

hornblende and biotite. The feldspar and quartz, especially the former, are in large 

and also in small grains, the two interlocking closely, and the large grains do not 

show their crystal form. The feldspar, while not carefully studied, still appears to 

be of foUl' varieties: (1) Clouded, untwinned Q1,thoclase; (2) Pel't/tite in large grains; 

(3) Very finely twinned Cl1101'thoclase; (4) PlClgioclase near oligoclase. One section. 

Chemicctl analysis. An analysis of this rock gave the following results: 

Si0 2 

Al 2 0 a 
Fe 2 0 a and FeO 
CaO 
MgO 
K 20 
Na 2 0 

Total 

Age. Archean . 

No. 836. QUARTZYTE. (Pink. ) 

74.72 
12.30 

3.19 
1.51 

.25 
2.~5 

1.91 

96.13 

U. S. G. 

"No. 836, the pink quartzyte known as the 'jasper rock' locally, from Sioux I"alls, Dakota .. 'fbis is a 
pinkish granular qual'tzyte, but with a cement that, on disintegration, allows the rock to become a white sand." 

R ef . Annual Report, x, page 122. 

},leg. A fine-grained, compact, pinkish quartzyte. Along cracks a soft, earthy, 

white materia] occurs in small quantity. 
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Jlfie. The section is too thick for study. The rock is made up of water-worn 

quartz grains which frequently are enlarged. Between the grains there is some 
dust-like red (hematite) and gray material. 

One section. 

Age. Potsdam. 
U. S. G. 

No. 37. SANDSTONE. (Red.) 

Fragments from 205 feet bolo w the urfacej from the deep well at the Washburn C mi ll , Minneapolis. 
Ref. Annual Report, xiii, page 39. ThiH is evidently No. 16 of the sec tion given at pages 280,281, of vol

ume ii of the Final Report. 

JlIe,c]. A medium-grained, red sandstone. 

JIic. 'rhe section show well rounded q llartz grams m a rather abundant 
cement of calcite and 1'ecl iron oJ:ide. 

One section. 

Age. N ear the bottom of the St. Peter sandstone. U. S. G. 

No. 83 . Qu ARTZYTE. ( Red. ) 

Red. tone, near :rew Ulm. 
Ref. Annual Report, xiii, page 39. 

Meg. A rock of rather fine grain and brick-red color. Numerous quartz grains 

occur embedded in a COpiOll red, very fine-grained cement. 

JIic. There are rounded and sub-rounded quCt1'tz grains and some clouded, 

altered feldspars in a matrix which is abundant and is composed of fine flakes of 

micaceous material. These flakes appear to be both muscovite and kaolinite. The 

quartz grains are surrounded by a narrow rim of red iron oxide, and in the matrix are 

al 0 areas outlined by iron oxide, thus suggesting that some part of that which now 

seems to act as the matrix of the rock was originally feldspar grains. One section. 

Age. Potsdam. u. s. G. 

No. 839. GRANITE (with augite). 

Sauk Rapids. 
Ref. Annual Report, xiii, page 39. Same as Museum No. 4466 (Annual Report, x, page 167). 

Jleg. A medium-grained gray granite, composed of white to flesh -colored 
feldspar, quartz, hornblende and biotite. 

nIie. The section shows a granitic aggregate, composed es entially of jelclspct1', 

quartz, hornblende and biotite. rl'he feldspar is more or less clouded and consists of 

orthoclase and a minutely twinned plagioclase. The hornblende is green and seems 

to be, in part, if not in whole, derived from augite. In the centers of some of the 

hornblende' a little augite still remains. ~Iagnetite, brown sphene, which is pleochroic, 

and apatite are also present. One section. 

Age. Archean, u. S. G. 
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No. 8:l0. G R ANITE. (HoTnblenclic.) 

E ast St. Cloud. 
R ef. Annual Report, xiii, page 39. Same as Museum No. 2128 (Annual Repor t, vii , page 51). 

Meg. Very similar to No. 839. 

}'Jie. The section, which is quite thick, shows a granite, composed of clouded 

f elclspa·r, quaTtz, green homblencle and bioti te. One section. 

Age. Archean. U. S. G. 

No. 841. GRANITE . (Ho?·nblendic. ) 

Near (north of) Motley. 
R ef. Annual Report, xiii, page 39. Same as Museum No. 2596. 

~Meg. A medium-grained, gray granite, composed of quartz, greenish to pinkish 

feldspar and hornblende. 

AIie. The section shows a granite, composed of much clouded l eldspa1', qucwtz 

and h01'J~blende. Some epidote and ehlo1'ite are also present. The sections are much 

too thick for study. Two sections. 

Age. Archean. u. s. G. 

No. 842. EPIDOSYTE (?) 

From sections 17 and 18, Ashley, Stearns county. 
R ef. Annual Report, xiii, page 39. Same as Museum No. 4499 (Annual R eport, x, page 168) . 

Meg. A medium-grained. greenish, granitic rock, composed of feldspar and 

epidote. 

Afie. The section shows a rock of rather coarse grain, composed essentially of 

f eldsp((?' and epidote. The feldspar is in large allotriomorphic grains which some

times show polysynthetic twinnings. The mineral is optically positive and a section 

closely perpendicular to the acute bisectrix gave an extinction angle of 19° to 20°. 

A test with hydrofiuosilicic acid showed the presence of a large amount of soda and 

practically no potash ancllime. ').1he feldsp3.r is thus albite. The epidote is yellow 

and pleochroic; it exists in grains smaller than the feldspars, and frequently minute 

grains occur in the feldspar. Two sections. 

Age. Archean. U. S. G. 

No. 843. DIABASE. 

From a dike in the Motley granite. 
R ef. Annual Report, xiii, page 39; Bulletin ii, page 116. Same as Museum No. 2593. 

Meg. A rather coarse-grained diabase. 

Mic. The section shows an ordinary diabase. The feldspar is plagioclase 
(species not determined) and is in places considerably altered. The auqite is largely 
altered to ho'rnblencle, ehlo1'ite and dust-like material. Iron ore, probably ilmenite, is 
present, and there is some secondary rpta1·tz. Two sections. 

Age. Dike cutting Archean:rocks. U. S. G. 
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porphyrytc. Anc1csyte.] 

No. 44. PORPHYRYTE. 

From It dike ill the Motley grunite. 
Ref. Anllual Report, xiii, page 39. Same as Museum No. 2595. 

JI('g. A fine-grained, green rock, looking like some of the more massive green

. tOllf'R of the Archean. 

}'Iic. The ection is composed largely of fine-grained, green h01'nblende and 

small plagioclase lath. The plagiocla e also occurs in laths of a size three or four 

times that of the general grain of the rock. There are some rounded areas which 

seem to represent ome original ferromagnesian phenocrysts now largely altered to 

hornblende. This was pel'hap hypersthene. 

One ection. 

Aqe. Dike cutting Archean rock. . u. S. G. 

No. 45 . ANDESYTE. 

From a dike in the granite at SaLlk Rapids. 
Ref. Annual Report, xiii, page 39. Same as Museum No. 2122. 

Meq. Hand specimen not found. 

Mic. The section shows plagioclase lath, small, but of varying sizes, embedded 

in an almost opaque ground mass. Where the slide is thin this groundmass is of a 

yellowish color and under a high power and crossed nicols break up into an aggre

gate of minute particles. The nature of these particles is not clear. The ground

mass probably was originally glas y and is now devitrified. Scattered through the 

section are the remains of some old phenocrysts which show embayments of the 

groundma ·s. These phenocrysts are now completely altered and their place is filled 

with an indistinct, fine-grained aggregate consisting largely of flakes of mu covite 

and chlorite and minute grain. of magnetite. One thick section . 

• 1ge. Dike cutting Archean rocks. u. s. G. 

No. 846. A N DESY'l'E (?) 

" Amygdaloidal dike rock, Maine Prairie." 
Ref. Annual Report, xiii, page 39. Same as Museum No. 2123 (Annual Report, vii, page 51) . 

Meg. Hand specimen not found. 

Mic. The section sh'ows a groundmass which is quite fine grained. It is 

composed of feldspar, green hornblende and biotite. The feldspar is largely plagio

clase in the form of imperfect laths. Throughout the section are a few more or less 

rounded phenocrysts of plagioclase and of quartz, and there is one large area of 

considerable size, composed of a number of feldspar grains. The rounded nature of 

the phenocrysts probably caused the rock to be called an amygdaloid, but the slide 

does not show conclu ively that it is an amygdaloid. One section. 

Age. Dike cutting Archean rocks. u. s. G, 
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No. 847. SLATE. 

Little Falls. 
R ef. Annual Report, xiii, page 39. Same as Museum o. 2681 (Annual Report, vii, page 78). 

Meg. A fine-grained, dark gray slate, having the slaty cleavage at a consid

el'able angle with the bedding. Scattered porphyritically through the rock are 

small glistening flakes of some mineral whose species was not determined. 

No sect.ion. 

Age. Upper Keewatin(n u. s. G. 

Remark. Later a section was made of this rock and the glistening flakes were 

immediately seen to be biotite. It had been, owing to its manner of occurrence, 

taken for ottrelite, but it is optically negative. N. H. W. 

No. 848. MICA SCHIST. 

Little Falls. 
Ref. Annual Report, xiii, page 39. Same as Museum No. 2690 (Annual Report, vii, p . 78). 

Yleg. A fine-grained mica schist, apparently composed essentially of quartz 

and biotite. 

Mie. 1'he rock is composed of a fine-grained, granular aggregate of qua1·tz, 

Jeldspal< and biotite, with a little 1nagnetite. The rock might be called a granulyte. 

The feldspar is clear, untwinned, and very rarely shows cleavage. It is easily 

confounded with quartz, but in converged polarized light its biaxial character is 

distinct. It is optically positive and has a lower index of refraction than quartz. 

It is quite likely albite or co'rdierite. 

Two sections. 

Age. Upper KeewatinO) U. S. G. 

No. 849. MICA SCHIST. ( Stau1·olitic. ) 

Pike Rapids, Morrison county, near the mouth of Swan river. 
R ef. Annual Report, xiii, page 39. Same as Museum No. 2689 (Annual Report, vii, page 78). 

Meg. A mica schist of medium grain, composed of biotite and quartz and also 

probably feldspar. There are a number of staurolite crystals, about an inch long, 

scattered through the rock, and there are also small red garnets not larger than a 

pin's head. 

Mic. The section was evidently made from one of the stalt1'olite crystals, and is 

thickly strewn with small grains of qua'rtz (and perhaps also feldspar); it contains 

also a few grains of magnetite and .£Iarnet. The section is quite thick and the ple

ochroism of the staurolite is very marked; the color varies from a light yellow 

(almost colorless) to a deep brownish yellow. 

One section. 

Age. Upper Keewatin ( n U. S. G. 
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Taconytc. 

No. 850. ApORHYOLYTE (?). 

569 

"Fine, crypto-crystalline form of the red rock at Duluth; of a reddish-brown color; the same as No. 42, 
but fresher, and Ie s granular." 

Ref. Annual Report, xii, page 40. 

~[eg . A fine-grained, brownish-red rock, containing some small, red, porphyritic 
feldspars and areas of a dark mineral. 

JJic. The section shows a groundma s of red color, which under crossed nicols 

breaks up into the "patchy" areas so characteristic of these devitritied red rocks. 

The patchy nature is due to areas of poikilitic qlla)'tz, which are full of small grains 

of much altered and reddenedjeldspal'. Jliagnetite is common and there is also some 

chlorite. There are a few small porphyritic feld pars, u ually considerably altered. 

Some of these are of plugioc1a 'e. A few mall quartz grains also occur. One section . 
. Age. Cabotian. 

Remark. Thjs rock i similar to Nos. 42 and 45. These rocks are called apor

hyolytes, but at the arne time it i seen that they may be of a more basic nature 

than are the rhyolytes. u. s. G. 

u. 851. GIU TITE. 

Courtland, Nicollet county, opposite ew Ulm. 
Ref. Annual Report, xiii, page 4.0. 

Meg. A coarse-grained granite, composed of much reddi h feldspar, less quartz, 

and some black mineral, which now seems to be largely chlorite. There are a few 
large, red, porphyritic feldspars . 

Mic. The section is very thick, and is made up largely of j eldsp Ct I' much stained 

by hematite. The feldspar appear to be orthoclase, microclille and acid plagioc1a::;e. 

Some chlorite is present, as is also i1mell ite largely altered to gray leuco.rell e. 
One section . 
Age. Archean. 

No. 52. CONGLO fERATE. 

Courtland, Nicollet county, opposite New Vim. 
Ref. Annual Report, xiii, page 4.0. 

U. S. G. 

Meg. A rough, coarse-grained, quartz conglomerate with a red cement. 
Mic. The section is composed mainly of quartz pebbles in a spar e hematite 

cement. The qlla1·tz is full of dust-like inclusions. Some of the quartz pebbles are 
made up of several grains which show undulatory extinction and even granulation. 

One thick section. 
Age. Potsdam. U. S. G. 

No. 52A. T ACONYTE. 

Pebble from No. 852. 
Ref. Annual Report, xiii, page 40. 

Meg. A reddish, compact rock, resembling a very fine-grained quartzyte. 
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[Taconyte. 

1I1ic. In ordinary light the slide presents a reddish appearance, due to finely 

disseminated hematite dust. Frequently small roundish granules are seen more or 

less distinctly outlined. These granules are the common feature of taconytes. 

Under crossed nicols the rock is seen to be composed mainly of very fine-grained 

qUCl1"tz, both in and around the granules. So the granules are not so distinct under 

crossed nicols, although some of them can be seen, owing to an occasional variation 

in fineness of grain. A little mar;netite is present. 

One section. 

Age. Pebble in Potsdam conglomerate. U. S. G. 

No. 852B. T ACONYTE. 

Pebble in No. 852. 
Ref. Annual Report, xiii, page 40; American Geologist, vol. xvi, page 157, figure 2. 

Meg. A red taconyte pebble, composed of red granules, usually smaller than 

a pin's head, in a matrix which is very fine grained, almost glassy. 

M~ic. The slide shows granules, composed of hematite and fine-gra.ined qucwtz, 

In a matrix of fine-grained quartz. The accompanying figure, magnified about 

thirty diameters, shows the nature of this rock. In the figure the black represents 

hematite, and the white, both in and between the granules, represents very fine

grained quartz. 

One section. 

Ar;e. Pebble in Potsdam conglomerate. u. s. G. 

FIG. 32. TACONYTE IN NO. 852B. FIG. 33. TACONYTE IN NO. 852C. 

No. 8520. TACONYTE. 

Pebble in No. 852. 
Ref. Annual Report, xiii, page 40; American Geologist, vol. xvi, page 157, figure 3. 

Meg. A reddish rock, appearing like a fine -grained, impure quart~yte. Consid

.erable hematite is present. 
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Mic. This rock is III general similar to No. 852B, and is shown in the accom

panying figure, magnified about thirty diameters. The black represents hematite, 

and the white, both in and between the granules, represents very fine-grained qUCl1 ·tZ. 

One section. 

Age. Pebble in Potsdam conglomerate. u. s. G. 

No. 852D. 'rACONYTE . 

Pebble in No. 852. 
Ref. Annual Report, xiii, page 40. 

Meg. Similar to the last. One of the pieces of this number has two reddish 

pebble-like form of finer grain than the rest of the rock. 

Mie. The section is composed of quartz and hematite, in fine grains. There are 

areas which omewhat resemble the granules of taconyte, although they are not as 

well defined as in os. 852B and 852C. 

One section. 

Age. Pebble in Potsdam conglomerate. U . S. G. 

No. 52E. QUAH.TZYTE. 

Pebbles in o. 852. 
Ref. Annual Report, xiii, page 40. 

lJIeq. Pebbles of vein quartz and of gray to reddish quartzyte, the latter being 

the larger. 

Mic. The section shows a medium-grained quartzyte, composed of well rounded 

grains of quartz many of which show enlargements. 

One section. 

Age. Pebbles in Potsdam conglomerate. U. S. G. 

No. 52F. TACONYTE. 

Pebbles in No. 852. 
Ref. Annual Report, xiii, page 40. 

lJ1eg. Reddish, granular taconyte and some flinty taconyte. 

:Alic. 'rhe section shows the usual granular taconyte, the granules being com

posed largely of hematite. 

One section. 

Age. Pebbles in Potsdam conglomerate. 

No. 853. SYENYTE. 

Mannbeim's sil ver mine, Duluth, near Rice's point. 
Ref. Annual Report, xiii, page 40. 

U. S . G. 

Meg. A rather fine-grained, reddish, granitic rock, composed largely of feldspar. 

There is some pyrite and some soft, dark mineral present. Vein calcite also occurs. 
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[Calcito and laumontite. Diabase. 

jl!f.ic. The section is composed essentially of jelclspal". This is much clouded 

and to some extent reddened by dust-like hematite inclusions. Some of it appears to 

be o1·thoclase and some is plagioclase. The plagioclase shows equal extinction angles 

up to about 13°; it is optically negative, and sections cut almost perpendicular to 

the obtuse bisectrix give extinction angles of 73° and 77°. The feldspar is thus a 

basic oligoclase. PYl"ite, calcite and green chlo1'itic material are present in small 

amounts. One section. 

Age. Cabotian. 

No. 853A. CALCITE AND LAUMONTITE. 

From a vein at Mannheim's silver mine, Duluth. 
R ef. Annual R eport, xiii, page 40. 

U. S. G. 

JJley. Calcite and pink laumontite. The latter is in needle-like forms in a finer 

matrix of apparently the same mineral. 

Mic. The slide is composed essentially of laumontite. Some calcite and green 

chloritic material are also present. 

One section. 

Age. Vein in Cabotian rocks. u. s. G. 

No. 853B. CALCITE. 

From a vein at Mannheim's silver mine, Duluth. 
Ref. Annual Report, xii i, page 40. 

Meg. Rhombs of white calcite. 

No section. 

Age. Vein in Cabotian rocks. 

No. 854. DIABASE. 

Taylor's Falls. Compare Nos. 797, 820-822. 
Ref. Annual Report, xiii, page 40; Bulletin ii, page 114. 

Meg. A fine-grained, greenish diabase showing" lustre-mottling." 

U. S. G. 

JJIic. M. E. Wadsworth's description of this slide is as follows: * "rrhe thin 

section is similar to No. 797, but it has suffered further alterations. In the section 

are light green spots surroLlnded by a darker, greenish-brown groundmass. The 

light green spots are formed by augite individuals dissected and generally with the 

component parts entirely separated by the altered plagioclase and viridite. Some

timeR these augite masses show in polarized light that they are composed of two or 

more individuals. The groundmass is mainly composed of chlo1'ite, viridite, epidote) 

j elclspar,je'i'1'ite, opacite, and some pseudomorphs, apparently after olivine." 

One section. 

Age. Cabotian. 

* Bulletin ii, p. 114. 
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Rema l'!.: . rrhis rock was stated when collected to contain metallic copper in 

minute particles. The small hand specimen at hand does not show these particles 

of copper, as oxidation since the specimen was collected has quite likely obscured 

them, and they do not seem to be pre ent in the slide. u. s. G. 

No. 855. GRAYWACKE . 

"Dark concretions from the slates at Thomson, thought by Hunt and Dawson to contain a keratose sponge." 
Ref. Annual Report, xiii, page 40. 

Meg. A fine-grained graywacke in which is part of a coarser-grained, softer, 

rusty-weathering mass. 

Mic. The section was evidently made from the graywacke and shows small, 

more or less angular grains of quartz and jPldspaJ' in a greenish cement. Under a 

high power this cement is seen to be composed essentially of chlorite, quartz and 

minute muscovite scales. 

One section. 

Age. Animikie. 

Re/Jl((1·k. Compare Nos. 1607, 1609 and 1611. 

o. 56. LAUMONTITE. 

Vein in Gabbro at Rice" point, Duluth. 
Ref. Annual Report, xiii, page 40. 

U. S. G. 

Meg. The vein is compo. ed mainly of fine-grained red laumontite. There is a 

little greeni h soft material also pre ent. Piercing the fine-grained laumontite are 

small colorless needle, and similar needles exist in radiating bunche on the side of 

the vein. 

},fie. The ection show the colorle s needles, which appear to be laumontite 

embedded in a fine-grain red mass, apparently con isting of small grains of the same 

mineral. 

One. ection . 

Aeg. Vein in Cabotian rocks. u. s. G. 

No. 857. SANDSTONE AND SHALE. 

Fond du Lac. 
Ref. Annual Report, xiii, page 40. 

1l1eg. The specimen consists of soft red shale and gray sandstone intimately 

intermingled in a breccia or conglomerate, the sandstone acting as the matrix. The 
shale occurs as fragments, large and small, and as interrupted bands in the sandstone. 

In the sandstone are also a few pieces of a greenish-gray shale and in the red shale 

are spots of a color similar to the greenish-gray shale in the sandstone. 
Mic. The section is made from the sandstone, but includes small pieces of the 

shale, which is dense and red. The section is too thick for careful study, but it 
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shows more or less angular pieces of quartz and ofJeldspa1' in a gray, clouded matrix, 

which appears to be, in part at least, composed of calcite. 

One section. 

Age. Potsdam. u. s. G. 

No. 858. GRANITE. 

"Average sample of the red syenyte (micaceous) at Sauk Centre, quarry of T. Carl." 
Ref. Annual Report, xiii, pages 13, 40. 

Meg. A medium-grained, reddish-gray granite, composed of feldspar, quartz 

and apparently biotite. Scattered through the specimen are some larger, sub-porphy

ritic crystals of white feldspar, the main feldspar of the rock being reddish. 

Mic. The slides show a granite, composed essentially ofJeldspar and a smaller 

amount of qUCl1·tZ. The following other minerals are present in small amounts: 

chlo1'ite, biotite, magnetite, py'rite, apatite and epidote. The feldspar is much clouded 

by alteration products and appears to be largely oTthoclase with some acid plagioclase 

and a little micro cline. Two sections. 

Age. Archean. 

No. 859. GNEISS. 

"Average sample of the hard, dark schist, or gneiss, Sauk Centre, quarry of T. Carl." 
Ref. Annual Report, xiii, pages 13, 40. 

U. S. G. 

Meg. A medium-grained, dark, banded gneiss, composed of hornblende, quartz 

and feldspar. 

Mic. The section shows a granitic aggregate of qua'rtz and much clouded 

Jelclspa1' with more or less green hornblende, chlorite, magnetite, biotite, epidote and 

sphene. One poor section. 

Age. Archean. u. s. G. 

No. 860. GNEISS. 

" Sample of the schist showing considerable mica, Sauk Centre." 
Ref. Annual Report, xiii, pages 13,40. 

Meg. A banded gneiss composed of hornblende, q~artz and feldspar, with much 

rusty biotite along the cleavage planes. 

Mic. The section is composed essentially of q'uar·tz (in great abundance), much 

cloudedJeldspar, green to blue-green hornblende and chlo1'ite. One section. 

Age. Archean. u. s. G. 

No. 861. DIORYTE. 

"Average sample of the massive dioryte, Sauk Centre." 
Ref. Annual Report, xiii, pages 13,40. The same rock is described in Annual Report, xi, pages 72-74,104, 

Meg. A dark-gray, medium-grained, granitic rock composed essentially of 

horn blende and feldspar. 
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DiOl'yte, Qua rtzyte, ) 

Mic. The section shows a quartz dioryte in which the following minerals are 

in considerable amounts: f elclspa?', homblende, quartz and iJ'on 01'e. rrhe feldspar is 

much altered (saussuritized) and its species cannot be determined, although it is quite 

clearly a pla,qioclase. A a product of the alteration much zoisite has been developed, 

giving the feldspar a clouded appearance when examined under a low power; but 

witb a higher power the cloudiness is seen to be largely due to the presence of numerous 

small grains of zoisite. The hornblende is brown and also green. The brown horn

U1ellde may be in part original, while the green is clearly secondary, most probably 

after augite, though no di tinct augite was een remaining .. Quartz is common. The 

iron ore, a shown by its alteration to gray leucoxene, is amenite; it is common. In 

addition to these minerals there are al 0 present elilon'te, epidote, P.1l1·ite and 

apatite. 

Two sections. 

Chemical analysis, An analysis of diol'y te , apparently from the same outcrop as No, 8G1 and closely 
similar to this number, is given by Streng and Kloos ':' as follows : 

SiO. 56.59 
AI.O. 12.41 
Fe.O. 5,39 
FeO 10,28 
CaO 6.70 
MgO 2,02 
R.O 1.02 
Na 20 4,27 
H2O 1,45 
CO2 trace 

Total 100,13 
P 20 6 .44 
Ti0 2 ,22 

Age. Archean. 

Remark. rrbi rock may have been originally a gabbro with or without brown 

bornblende and quartz. u. s. G. 

No. 62. Q U ARTZYT E , 

"Pinkish , white quartzyte, Garden Valley, seven miles from Merrillan, Jackson county, ';Visconsin; prob
ably shows Irving's' deposited (1 uartz,' It is also probably from ihis that Whitfield's P olceac mcea i1'l'ingi was 
obtained, (See ,-oJ. iv, page 173, Geology of Wisconsin, )" 

Ref. Annual Report, xiii , page 40, 

JlIeg. A white to pinkish, fine-grained, vitreous [granular] quartzyte. The 

fracture is nearly conchoidal. 

Mia. The section shows a distinctly granular quartzyte , which is composed of 

closely crowded, usually well rounded grains of q~w J'tz . Surrounding each grain 

and forming a part of the cement of the rock, is a small amount of a yellowish 

SUbstance, which, in reflected light, is white. A thin coatiug of this material exists - "Eleventh A nnual R epo1't, pp, 73, 74. 
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around each grain, except where one grain comes directly 
in contact with another. Under a low power this cement
ing substance appears homogeneous and isotropic. Under 

a high power each grain is seen to be surrounded by one 

or more bands of chalcedony, and sometimes in the inter

stices between th e grains, and thus surrounded by the 

chalcedony is very minutely crystallized quartz. The 

FIG. 34 . general appearance of the rock is shown in the accompany-

ing figure . Whether the chalcedonic bands are distinctly fibrous or not cannot be 

readily told from the section at hand, as it is too thick and the chalcedonic bands 

overlap the quartz grains; thus the structure of the bands as seen in polarized light 

is not clear. Between the grains is at times a little iron oxide, apparently both 

limonite and hematite. 

One section. 
Age. Middle Cambrian, perhaps of the age of the Puckwunge. u. s. G. 

Remcl1'k. On having made a better section the chalcedonic envelope of the 

grains is seen to be fibrously crystallized and to have a negative elongation, the 

fibres standing vertical on the peripheries of the grains. N. H. W . 

No. 863. SANDSTON E. 

" St. Peter sandstone, from the small island in the Minnesota bottom·lands near Fort Snelling, cemented 
with iron and (' deposited ' ?) silica, so as to be hard and show different colors." 

R ef . Annual Report, xiii, page 40. 

Nleg. A medium-grained sandstone, which varies from red to yellow in color. 

Some of the quartz grains show the development of crystal faces. On what appears 

to be the outside of the specimens, or the side exposed to the weather, the rock is a 

vitreous quartzyte rather than a somewhat friable sandstone. 

Mic. The section shows well rounded qual'tz grains in a cement of limonite. 

Some of the quartzes show enlargements. 

One section. 

Age. St. Peter. 
No. 864. SCHIST. (Black.) 

South side of Jones bay, Vermilion lake; . E. 7-:f sec. 3, T. 61- 16 W. 
R ef. Annual Report, xv, pages 276, a86; Bulletin ii, pages 45, 421. 

U. S. G. 

Meg. A hard, fine-grained, almost black, glistening, schistose rock. It contains 

small particles, usually no larger than a pin's head, which are common, and would 

make the term" Knotenschiefer" applicable to this rock. 

]{ic. The sections show a schistose rock of fine grain, the schistose structure 

being due to a more 01' less marked elongation of the component grains in one direction. 

Scattered all through the rock, both in and between the mineral grains, is a large 
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amount of a black, dust-like material, which may be carbonaceous matter. Qua'rtz 

makes up the bulk of the rock. Calcite, chlorite and muscovite flakes are also common. 

The" knots" are due to a colorless mineral which includes little of the black, dust

like material. In the description of this rock in Bulletin ii this colorless mineral is 

spoken of as chiastoldej but it does not seem to have a high enough index of refrac

tion or a strong enough double refraction for chiastolite. Moreover, it was found to 

be optically negative in tead of positive. Its species was not determined, but it may 

be some form of feldspar. In it small muscovite flakes have developed and also 
numerous minute. grains which are perhaps zoisite. 

Two sections. 

Age. Keewatin. 

o. 65. QUARTZYTE. 

Point in Vermilion lake near S. W . ~ sec. 34, T. 62-Hi W. 
Ref. Annual Report, xv, pages 278, 386. 

U. S. G. 

Meg. A fine-grained, light, brownish-gray, somewhat schistose rock containing 
some fine micaceous scales. 

Mie. The section shows a rock composed largely of a fine-grained mosaic of 

quartz. With the qur(J'tz are numerous small flakes of muscovite and chlo1·ite. The 

arrangement of these flake gives the schi tose structure to the rock. There are a 

number of feldspar grains of irregular outline and of larger size than the usual quartz 

grains. These are considerably clouded by the development of minute muscovite, 
and perhaps also kaolinite flakes. 

One section. 

Age. Keewatin. D. S. G. 

No. 6G. J ASPIL YTE. 

Jasper ridge, Tower; ee. 29, T. 62-15 W. 
Ref· Annual Report, xv, pages 264, 266, 386; Bulletin vi, pages 79, 421. 

},fey. The usual banded, red, white and black jaspilyte. The bands vary from 

a sixteenth of an inch to two inches in width, and some of the red bands are very 

finely laminated by red and gray colors. The black bands are the narrowest and are 

composed essentially of magnetite. The white bands are of finely crystallized quartz 
and the red bands of quartz and hematite. 

Mie. The section is composed of a very fine-grained mosaic of quartz, with 

which is much hematite. The latter is commonly in more or less rounded grains 
which vary from minute, dust-like particles to those nearly the size of the quartz 
grains. The hematite occurs both between and in the quartz grains. A few scattered 
grains of magnetite occur throughout the rock. The finely-laminated nature of the 
red bands is due to a concentration of hematite along certain parallel lines, but this 

38 
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concentration is more lloticeable when the slide is examined with a low power than 

with a high one. The bands of magnetite, mentioned in the description of the hand 

sample, are seen to be sponge-like bands of this mineral holding some quartz and a 

little hematite. (See the description of No. 867.) 

Three sectiolls. 

Age. Lower Keewatin. U. S. G. 

No. 866A. QUARTZYTE. (Fe1Tuginous.) 

From nodules embraced in No. 866. 
R ef. Annual Report, xv, pages 265, 266, 386; Annual Report, xvi, page 65. 

l.leg. A medium-grained rock, bright red, dull red and gray black in color, the 

latter color being due to a considerable amount of specular hematite. 

J1Iic. The section shows a rock composed of interlocking grains of quartz 

which is more or less completely saturated with other material. This material can 

be divided into three principal groups : (1) Blood-red hematite scales and grains; 

(2) Magnetite grains, not very abundant; and (3) A yellowish to brownish, some

what earthy snbstance. The last is very abundant and exists in irregular areas and 

also collected into arborescent forms, which at times assume the aspect of branching 

sea weeds. This substance seems to have no effect on polarized light. Just what it 

is, is not clear. 

One thick section. 

A,c;e. Lower Keewatin. 
R emark. The bright red parts of the hand specimen resemble o. 2279. 

u. s. G. 

No. 866B. JASPILYTE. 

Near the same place as No. 866. 
R ef. Annual R eport, xv, pages 265, 266, 386; Annual Report, xviii, page 34. 

]1eq. A light-gray to dark-gray, finely laminated jaspilyte. 80me porous bands 

of limonite are present . 
. Mic. The section shows the usual mosaic of quartz grains. Thickly scattered 

through the slide is black, opaque, dust-l~ke material. This is probably in large part 

))lClqnetite, as the powdered rock yields a number of particles to the magnet. There 

is also considerable limonite present. 

One section. 

Age. Lower Keewatill. U. S. G. 

No. 867. JASPILYTE. 

Near the sam e place a. No. 866. 
R ef. Annual R pport, xv , pages 265, 266, 386; Bulletin ii, pages 10, 72- 79, 81,421, plate VII, and figure 1 

of plate VIII. 
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Meg. The usual red, white and black, banded jaspilyte. The white bands are 

of quartz in fine grains, the black of hematite with a little magnetite, and the red 
of quartz and hematite. 

Mie. The sections show the typical jaspilyte, composed of quw·tz, hematite and 

some mCl.qnetite. The quartz is a little coal' er grained than in the usual jaspilyte 

and has a tendency to a common hexagonal outline. The grains of quartz are pretty 

uniform in size, averaging about .05 millimetre, and the extremes are about one-half 

and one and a half times as large as the average. 

Four sections. 

RemClrks. In the description of this rock in Bulletin vi, the siJica was regarded 

as not completely crystalline or partly amorphous. That the silica is ordinary quartz 

in mall grains is clear and has been so stated by several, including C. R. Van Hise,* 

J. E. Spurrt and the writer. u. s. G. 

No. 68. GREENWACKE. 

From a low ridge southeasL of the main jasper ridgo, N. W. ?4 N. E. ?4 seo. 32, T. 62-15, northwest from 
Tower. 

Ref. Annual Report, xv, pages 266-268, 387, 389; Annual Report, xvii, pages 194,215; Bulletin vi, pages 
25, 42, 43, 68, 421. 

Meg. 'rhe rock is fine grained and nondescript. It evidently has been sheared 

and altered much. Its color is light gray, but in many places it is brown with iron 

oxide, and has visible pyrite crystals. 

Mic. The rock is much chloritized, having a fibrosity due to the elongation 

of the minerals prevailingly in one direction. This is quite conspicuous in the 

section. Besides chlo/'ite, muscQvite is also present in considerable amount. Calcite 

is shown by its high polarization and black cro in convergent light. It is quite 

abundant and in large areas. Qnal'tz, frequently embracing a considerable amount 

of the other minerals poikilitically, is secondary and quite abundant. A plagioclase 

feldspar is also common, but it is completely ob cured by the growth of minute cry -

talliths which fill its area. Zoisite is in small isolated grains, scattered everywhere. 

The rock is difficult to characterize because of the extreme alteration. It was 

originally probably a debris of eruptive materials, mainly basic. Occasional lighter 

areas, in natural light, show the forms of large feldspars. Small flakes of a cherry

red to brownish-red and opaque mineral, indicating a ferruginous product of change, 

may be hematite. Zoisite and epidote grains show as globules or short, blunt rods, 

the former having no color between crossed nicols, white and colorless in natural 
light, and of high refractive index. 

Five sections examined. 
Age. Keewatin. N. II. W. - • Annual R eport Arkansas Geological SU1'vey, 1890, vol. iii, p. 184. 
tBulletin x, p. 222. 
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No. 868A. GREENWACKE. 

From the same rock as No. 868, continuous with it; a rhomboidal mass showing a more rough and granular 
weathered surface. 

R ef. Annual Report, xv, pages 246,268,387; Bulletin vi, pages 25, 41-43, 421, plate V, figure 6. 

]feg. Gray, rough, sheared rock, the weathered surface being roughened by 

projecting feldspar and quartz. 
]fic. This rock is hardly distinguishable from No. 868. Its greatest difference 

consists in the more evident forms of old fe ldspathic grains which speck the surfaces. 

There is no structure visible that proves the rock to have been originally plutonic or 

effusive, though there is no question that the materials had an eruptive origin. 

Zoisite is abundant, especially in the fragmental grains of feldspar. Some of the 

green coloring matter is 11Omblencle, and there are a few grains of epidote. 

Two sections. N. H. W . 

No. 868B. GREENWACKE. 

"Shows the gneissic structure sometimes seen in No. 868; same locality." 
Ref. Annual Report, xv, pages 246, 268, 387; Bulletin vi, pages 43, 421. 

]feg. Similar to Nos. 868 and 868A. 

Mic. The section is similar to No. 868A, but IS more markedly schistose and 

the feldspars are more altered . 

One section. 

Age. Keewatin . U. S. G. 

No. 868C. QUARTZ AND CHLORITE. 

" Quartz from a vein, inclosing green chlorite and having a schistose structu re; same exposed surface." 
Ref. Annual Report. xv, pages 246,268,387; Bulletin vi, pages 43,421. 

.Meg. A mass of coarse, white, vein quartz and fine-grained, schistose greenstone. 

Mic. The section was made from the greenstone. It is markedly schistose and 

is composed essentially of chlo1·ite. 

One section . 

Aqe. Keewatin. U. S. G. 

No. 868D. CHLORITE. 

"Contains a piece of chlorite from a fl. sure and a grain resembling a changed crystal of feldspar; same 
locality." 

Ref. Annual Report, xv, pages 216,268,387; Bulletin vi, pages 43,421. 

Me.c; . Chlorite, similar to the chlorite of No. 868C. The supposed feldspar 

crystal is considerably altered, soft, and of a greenish-gray color. No section. 

Age. Keewatin. u. s. G. 

No. 868E. GREENW ACKE. 

Same rock surface as No. 868; most usual and typical form of No. 868; near the west end of the small ridge. 
Ref. Annual Report, xv, pages 246, 387; Bulletin vi, pages 43,421. 
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Ueq. Similar to No. 868. 

Mie. This is a little finer-grained than Nos. 868 or 868A, but otherwise it is the 

same in all respects. In the section is one large rounded qua1·tz grain with inclusions 
of hornblende and calcite. One section. 

Age. Keewatin. N. H . W . 

No. l 68F. CHLORITE SCHIST. 

"Gnei. sic or scbis(,o-c structurc of No. 868, adjacent to No. 868E." 
Ref. Annual Report, xv, pages 246, 387; Bulletin vi, pages 43, 421. 

Meg . A fine-grained, greenish to browni h, chistose, rather soft rock. 

illic. The section, which is quite thick, appear, to be composed essentially of 

small flake~ of chlo)'ite and mu coude and small grains of quartz. 'The chlorite and 

muscovite flakes are in general arranged with their long axes in a common direction . 

Some yellow stain is present in con iderable quantity. One section. 
Age. Keewatin . 

No. 68G. CHLORITE SCHIS'!' . 

Same exposed surface with No. SG8E. 
Ref. Annual Report, XI', pages 246, 387. 

Neq. Similar to o. 868F, but more markedly schistose. 

U. S. G. 

Mic. The section re embles that of No. 868F, but contains more chlorite. 
One section. 

Age. Keewatin. u. s. G. 

No. 86 H. CHLORITE SCHIST. 

Same locality as No. G8E. 
Ref. Annual Report, xv, pages 246, 3S7. 

Meg. Similar to No. 86 F. 

Mic. The section is similar to that of No. 6 F, but in places contains large 
quartz grains. One section. 

Age. Keewatin . u. s. G. 

No. 68I. JASP ILYTE (?) 

Same exposed ul'face with No. 868E. 
Ref. Annual Report, xv, pages 246, 387. 

Meg. A very fine-grained, slaty, black rock. 

~lic . The section is very fine grained and is made up of quaJ'tz and a black, 

opaque substance. This latter i finely divided and is very abundant. It may be 

carbonaceous material. 1'he rock powder yields no particles to the magnet. 
One section. 

Age. Archean . 

Rema1'k. Nos. 868 to 868B and 868E to 868H, appear to be different facies of 

the same rock mass, but No. 8681 is entirely different, u. s. G, 
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Amphibolyte. 

No. 869. CHLORITE S CHIST (with r·utile). 

From the southeast side of the same ridge as No. 868; sec. 32, T. 62--15 W.; Tower . 
R ef. Annual Report, xv, pages 247, 248, 266-268, 387; Bulletin ii, pages 44, 45, 234, 421. 

lYleg. A soft, fine-grained, green, fissile schist. 
Mic. The section shows a 'schistose rock, the minerals being elongated in a 

common direction. The principal components are qua1·tz , chlorite, muscovite and 

rut·ile. The quartz is in fine grains, more or less elongated. The chlorite and 

muscovite are in plates, the former being much more abundant than the latter. 

The most noticeable feature of the section is the presence of large numbers of minute 

rutile prisms. These are commonly arranged with their long axes parallel to the 

elongation of the other minerals. A few heart-shaped twins of rutile occur. 

Two sections. 

Age. Keewatin. U. S. G. 

No. 870. ARGILLYTE. 

Same place as No. 869. 
R ef. Annual Report, xv, pages 266, 268,387. 

Meg. A fine-grained, gray-black argillyte. 

Mic. The section is composed of minute grains of qucwtz, perhaps also grains 

of f elclspa1' and flakes of chlO1"ite and mttscovite. Scattered through the rock is consid

erable black, dust-like material, and there are also some minute rutile prisms. 

Two sections. 

Age. Keewatin. 

No. 871. HEMATITE. 

Lee mine, Tower. 
R ef . Annual Report, xv, pages 249, 387. 

J1eg. Black, specular hematite, the ore of the Lee mine. 

No section. 

Age. Keewatin. 

No. 871A. HEMATITE. 

Lee mine, Tower. 
R ef. Annual Report, xv, pages 249, 387. 

U . S. G. 

U. S. G. 

Meg. Specular hematite, with cavities which are lined with small crystalline 

plates of hematite. 

No section. 

Age. Keewatin. U. S. G. 

No. 872. AMPHIBOLYTE. ( Gcb?nptonyte?) 

From a dike running E. 10° S.; sec. 21, T. 62--15, Stuntz island. 
Ref. Annual Report, xv, pages 308, 310, 314, 387. Compare No. 1847. 

Meg. The rock is granular, but much altered. 
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}lic. The original feldspar is entirely ch:1Dged. rl'hat which now takes its place 

was formed later than the hornblende, even later than the more recent portion of 

the hornblende, since it encloses the hornblende crystals. It is triclinic and q aite 

fresh. It has ng in the acute axial angle; hence, its optical sign is +. It has the 

twinning character of albite. '1'he lamellce are irregular in width and in length , 

and interrupted before reaching the limit of the crystalline grain, and may therefore 

be accepted as albite, at lea t provisionally. 

The augite is changed to green hornblellde, which shows its prismatic cleavages 

conspicuously, as well as its high polarizing colors. The crystals show two epochs 

of growth, this being evinced by a colorles portion ulTounding or irregularly 

intergrown with the green portion, i. e.) in irregular patches or areas, though always 

limited in their growth by the geometric form of the mineral. In SOllle cases the 

geometric forms are not completed, and then the extremities of the section are 

jagged or "fringed," a described by Williams.* The view of Van Hise,t however, 

that these are secondary growths rather than the frayed ends of dynamically 

deformed crystals, eems bere to be applicable, since these growtb " which are fresh 

and colode s, and extingui h coincident with the original nucleus of the crystals, 

sometimes pass into zoned increment. 'l'hese colorless enlargements are simply 

later growths of the same mineral. The part· of these enlarged crystals do not 

polarize with the arne colors although they extinguish in unison. For instance, 

the older portion, which always is green in common light, perhaps assumes a greenish 

yellow, and the colorless part becomes lemon yellow. Sometimes tbe green mineral 

becomes a dirty dark yellow and the colorles ' increm ent a purpli 11 red, or again the 

green part becomes brownish yellow. and the colorless part blue. This does not 

indicate a difference of mineral , pecie , but i due to the difference of the initial 

coloration. That i, ince the older hornblende i green in common light, and the 

later is colorle s, the point. from which the double refraction is reckoned are different. 

It is not to be presumed that the second growth followed immediately after the 

first. It is apparent that the original crystal suffered a long hi tory, and was 

corroded and decayed. The uninterrupted growth of a crystal could hardly be 

distributed to its variou parts 0 capriciously as the colorless parts are distributed 

FIG. 35. DISTRIBUTION OF SEO
ONDARY GROWTHS IN HORN
BLENDE. 

in the c0lored. 'Chis capriciousness may be shown by the 
accompanying figure, in which a shows where colorless 
areas appear in one crystal, b where they are in a second 

crystal, and c where they are in a third. In the slide 
are various other combinations, the second growths, in 

several instances, being rather intimately ingrown with 
' Greenstone schist areas of the Marquette and Menominee areas in Michigan. U. S. Geol., '''''vey, Bullelin lx ii. p. 126, 

fig. 10. 1800. 

tSecondary enlargements of hornblende 'crystals. A ;"'el';can Jour na.l of Science(3) , xxx, 231, 1885. 
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the older crystal in such a manner as no crystal can be supposed to have been built 

up without interruption. These colorless parts are certainly not due to dynamic 

degradation. They are not broken. They are the purest and the highest doubly

refracting parts. 

They are, no more, due to the decoloration of a once wholly idiom orphic crystal

lization, for their present integrity of form and of optic characters is inconsistent 

with such transformation. They extinguish simultaneously with the colored areas, 

but the difference of double refraction indicates that these increments may be of a 

different species of hornblende. 

Zoisite is quite abundant in . this rock. 

Six sections. 

Age. Archean dike in Keewatin. 

Bema1·k. Except for the double development of the hornblende (which may 

not be a fatal objection), this rock might be classed as camptonyte, a rock that is found 

in form of dikes in the Adirondack region and in Vermont. A similar dike occurs 

at Ely. (See No. 1786.) On the nature of these "secondary growths" see the 

remark after No. 1786, at Ely. N. H . W. 

No. 872A. AMPHIBOLYTE (?) 

"No. 872A was taken from the side of a narrow dike of the main system on Stuntz island [Vermilion lake]. 
This dike is not more than one and a half inches thick where the piece was taken off, and pinches out entirely 
toward the west further, in about ten feet ." 

Ref. Annual Report, xv, page 310. 

Meg. A fine-grained, greenish-gray, rusty-weathering rock. 

Mic. The section is composed largely of a fibrous, colorless to greenish mineral, 

which appears to be a form of hornblende. Besides this mineral there is a little 

qua1·tz, perhaps also some jeldspa1', and considerable zoisite. The latter occurs in 

irregular grains throughout the section and is also collected in areas composed of 

larger grains. The section is clouded by a light yellowish ma,terial; when examined 

with a high power this yellowish material is seen to be composed of minute grains 

having a rather high index of refraction and little effect on polarized light; they 

may also be zoisite. The section shows one, considerably altered, porphyritic feldspar. 

One section. 

Age. Dike cutting Keewatin rocks. 

Remark. The original nature of this dike rock is uncertain. It is now much 

altered. It is quit~ likely that it is of the same nature as No. 872, which is suggested 

to be a camptonyte. u. s. G. 

No. 873. CAMPTONYTE (?) 

From another set of dikes on Stuntz island, Vermilion lake; sec. 21, T. 62-15 W. 
Ref. Annual Report, xv, pages 308,314,387. 
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Meg. A fine-grained, gray, roughly schistose rock. The matrix, which is too 

fine grained for the macroscopic determination of its constituents, contains small, 

scattered, porphyritic hornblendes and more numerous, glistening, silvery, porphy

ritic mica. The latter are especially nobceable on cleavage surfaces of the rock, 

the cleavage of the mica being approximately parallel with the cleavage of the rock. 

One of the hand specimens conta,ins a fragment of dark-gray, flinty argillyte. 

Mic. A noticeable feature of the section i the presence of porphyritic, light

brown h01'nblendes. These lie in a confused groundmass of fine grain and of a very 

schistose character. The groundmass is composed e sentially of qltaJ'tz, probably 

also jeldspa1', zoi::;ite, calcite, and mall fibre of a nearly colorle s amphibole. · There 

is also considerable limonite which eems to have originated from the alteration of 

pyrite. The porphyritic mica crystals are not prominent in the thin sections, and 

where they do appear they are een to be much clouded and altered and in general 

have little 01' no effect on polarized light. Two sections. 

Age. Dike cutting Keewatin rocks. u. s. G. 

No. 73A. AMPHIBOLYTE ( ?) 

Rounded mass of green rock in No. 873. 
Ref. Annual Report, xv, pages 309, 387. 

Meg. A gray rock of medium grain, composed largely of hornblende and effer

vescing freely with hydrochloric acid. 

Mic. r£he section shows numerous, crowded, brownish 71OJ'llulendes in a sparse 

cement. The hornblendes frequently show crystal outlines. The cement is fine 

grained and is composed essentially of calcite and qua1'tz, with some hornblende. 

One section. 

Age. Mass in dike which cuts Keewatin rocks. 

No. 74. CONG LOMERATE. (;1[af1·i:r:.) 

Stuntz island, Vermilion lake; sec. 21, 'I.'. G2- 15 W. 
Ref. Annual Report, xv, pages 314,387. 

U. S. G. 

Meg. A light-gray, fine-grained, roughly schistose rock, containing numerous 

quartze ; the rock in general resemble a schistose quartz-porphyry with numerous 
quartz phenocrysts. 

Mic. '£he sections show a very fine-grained matrix which is composed essen

tially of qucwtz, /'elclspar and some flakes of muscovite. A little calcite is also present. 

In this matrix and interlocking with it are numerous fragments of various shapes 

and sizes of quartz and feldspar. The feldspar is somewhat altered and clouded; it 

appears to be both orthoclase and acid pla.qioclase. A con iderable number of these 

quartz and feldspar fragments seem to have been broken since they were included in 

the rock. Four sections. 
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Age. Stuntz conglomerate (base of Upper Keewatin). 

R ema1·!c. In some of the slides the rock looks decidedly like a quartz-porphyry 

somewhat sheared. In fact the rock really is a "recomposed" quartz-porphyry. In 

connection with Nos. 874 and 874A, compare the descriptions of Nos. 2010 to 2030. 

U. S. G. 

No. 874A. PEBBLES (f1 'om conglomemte). 

Pebbles from No. 874. 
Ref. Annual Report, xv, page 387. 

M.eg. The pebbles collected are largely of light-gray quartz-porphyry. There 

are also some pebbles of different facies of jaspilyte. 

Sections from part of the matrix attached to one of the pebbles are 

similar to sections of No. 874. Sections from the pebbles show a porphyritic rock, 

the phenocrysts being of considerably altered feldspar, and the groundmass consisting 

largely of trachitic feldspars, with apparently some q'Ua'rtz, and flakes of muscovite. 

Calcite is quite common. 

Four sections. 

Age. Pebbles in Stuntz conglomerate (base of the Upper Keewatin). u. s. G. 

No. 874B . "GREENSTONE." 

"Olivinitic greenstone, found in No. 874, near some quartz veins, Stuntz's island, sec. 21, T. 62-15." 
R ef. Annual Report, xv, pages 310, 387. 

Meg. Specimen not found. 

No section. 

Age. Keewatin. 

No. 875. DIORYTE. 

Dike in southern part of sec. 12, T. 62-15 W.; east end of Vermilion lake. 
Ref. Annual Report, xv, pages 306, 387. Compare Nos. 872 and 873. 

D. S. G. 

JJ[e!J. A medium-grained, dark-gray, granitic rock, composed of hornblende and 

white to flesh-colored feldspar. One end of the specimen is much finer grained than 

the main part of the rock, but is apparently of the same composition. There is a 

pretty sharp contact between the coarser and finer grained parts of the specimen. 

Mic. The sections were made from the coarse part of the hand sample. The 

rock is composed essentially of homblende and feldspar, with a little qUCl1"tz. The 

hornblende is brownish to green to almost colorless. The brownish hornblende is 

more ma:::;sive than the other, which is fibrous . In many cases a brownish grain or 

one of the darker green grains has a border of a lighter color, the border being 

optically continuous with the central part of the grain. The feldspar is considerably 

altered and clouded and affects polarized light rather weakly. In general it is not 

twinned, but frequently shows perthitic intergrowths. In a few places it is inter-
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grown with quartz to form micropegmatyte. The feldspar is in some cases twinned 

according to the albite law. Its species was not determined. 

Two sections. 

Age. Dike in the Upper Keewatin rocks. 

No. 876. HEMATITE. 

Tower mine, Soudan. 
Ref. Annual ReporL, xv, IJages 251, 387. 

Meg. Steel black, hard, rna. si ve hematite; the ore of the Towel' mine. 

No section. 

Age. Lower Keewatin. 

No. '077. AMPHIBOLYTE. 

From a green dike on Mena n island in Vermilion lake, near Lhe centre of sec. 36, T. 63-17. 
Ref. Annual Report, xv, pages 2 9,290,387. 

U. S. G. 

U. S . G. 

Meg. The rock ha a fibrous schistosity and an irregular distribution of the dark . 
elements, giving it a spotted appearance. 

Mic. It is an amphibolic rock, much re embling the rock from the dyke in 

Stuntz island, already examined ( o. 72 ), but the amphibole has distinct dichroism, 

being green when parallel and yellow when perpendicular to the lower nicol or 

vertical thread of the eye-piece. Zoisite is here found in the same finely divided 

particles. 

Oue section. 

Age. Archean (Keewatin). N. H. W. 

NO.7. GRA ITE. 

From a dike on Menan island, Vermilion lake; sec. 3G, T. 63-17 W . 
Ref· Annual Report, xv, pages 289,290,387. 

Meg. A rather fine-grained, pinkish granite, composed of feldspar, quartz and 
a little biotite. 

Mic. The rock is a granite composed essentially of quCt1'tz and feldspar. The 
size of the component grains varies considerably. The feldspar is mostly untwinned 
and apparently is o1·thoclase. Greenish biotite (?), chlorite, epidote and magnetite 
OCcur in small amounts. 'rhree sections. 

Age. Dike in Archean rocks. U. S. G. 

No. 879. MICA SCHIST. 

West side of Outlet bay, Vermilion lake; one-fourth mile north of t he south side of sec. 14, T. 63-17 W. 
Ref. Annual Report, xv, pages 293, 388. 

Meg. A medium-grained, hard, rather massive, biotite schist. 
Mic. 'rhe rock is composed of grains, of rather uniform size, of QUG1·tz, feldspa1 ' 

and biotite. The feldspar is highly altered and in its alteration has developed 
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[Granulyte. Amphibolytc. Granite. 

considerable kaolinite. The biotite grains have their cleavage in general parallel, 

and this mineral is more or less altered to cltlO1·ite. A little garnet is present. 

Two sections. 

Age. Archean. u. s. G. 

No. 880. GRANULYTE. 

Nodules of irregular forms embraced in the mica schist, No. 879; sec. 14, T. 63--17. 
R ef. Annual R eport, xv, pages 293, 388. 

Meg. Of medium grain, gray, of a syenitic aspect. 

Mic. Apparently consisted at first of j eldspct1' and qUCt1'tz, but now, by pressure 

and probably some shearing, the feldspars are filled with rn'uscovite, though still 

showing albite twinning lines, and the quartz is broken into many fragments, 

showing undulatory extinction. 

One section. 

Age. Archean. N. H.W. 

No. 881: AMPHIBOLYTE. 

From a dike, cut by later dikes, north part of sec. 35, T. 63--16, north part of Vermilion lake, on Pine island. 
R ef. Annual Report, xv, pages 302, 388. 

},feg. The rock is gray, weathering light-colored; feldspathic and amphibolic, 

with fine specks of pyrite. There is a marked fibrosity, the minerals being prevail

ingly elongated in one direction. 

Mic. Amphibole makes up a large part of the slide, and the rest is principally 

a secondary feldspar. Yet there are present accessory amounts of mica and of sphene, 

with some zi1'con and gCl1'1~et and a little quCt1'tz. The last is identifiable only by the 

observation of a dark cross, since it closely resembles the feldspar. The feldspar 

has nl, for acute bisectrix, which precludes albite but allows oligoclase. This oligoclase 

shows no polysynthetic twinning. It is of later date than the amphibole, and 

usually is in very small grains. The older feldspars are crowded with zoisite. 

Two sections. 

Age. Archean. N. H. W. 

No. 882. GRANITE. (Schistose. ) 

From the extremity of the point that projects eastwardly from section 35, into the N. W. ~ sec. 36, T. 
63-16 W.; Pine island, Vermilion lake. 

Ref. Annual Report, xv, pages 302, 388. 

Meg. A medium-grained, roughly-schistose, pinkish-green rock composed of 

red feldspar, chlorite and biotite. 

]I[ic. The section shows a granitic aggregate of much-altered and clouded 

feldspar, some qua1·tz, chlorite and biotite altering to chlo1·ite. 

One thick section. 

A.qe. Archean. U. S. G, 
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No. 883. SERICITE SCHIST. 

N. E. y-! sec. 5, T . 62- 15 W., Vermilion lake. 
Ref. Annual Report, xv, pages 303, 388. Compare 0. 397. 

Meg. A oft, greenish-gray, fine-grained, schistose, rather fissile rock. 

Mic. The sections show a very fine-grained rock, composed of qual'tz,jeldspa?', 

chlorite, and micaceous scales which are probably both muscovite and kaolinite. 

Scattered through the rock are small, sharply outlined rhombs of a carbonate which 

from its absorption and its yellow color in places, appearing as if altering to limonite, 

is thought to be largely side1·ite. Part of this carbonate may be calcite. Some 

opaque, dust-like material is cattered through the slide, and there is . ome magnetite. 

There £1,re a few grains of quartz of larger size than the average and these interlock 

around their borders with the smaller grain . 

Two sections. 

Age. Keewatin. U. S. G. 

No. 8 4. S CHIST. ( Ea?·thy. ) 

Breitling mine, Soudan, near the west end of tho North ridge. 
Ref. Annual Report, xv, pages 249, 250, 270, 388. Compare No. 384. 

JIeg. A soft, earthy, buff or nearly white, very fine-grained schist. 

Mic. The section is too thick for careful study. The rock is markedly schistose 

and of fine grain and greenish color in section. The minerals appear to be mostly 

chlorite and a micaceous mineral. There are a few grains of q~l((1·tz of considerable 

size and one shows an embayment similar to some of the quartzes of the quartz

porphyries. Jlagnetite is Common in minute particles and there are many minute 

prisms which look like 1'utile, but they are nearly opaque and have no effect, as far 

as can be determined in this thick section, on polarized light. With these supposed 

rutile prisms are some heart-shaped twins which al 0 look like rutile. 

One section. 

Age. Keewatin. 

Remet? ks. The original nature of this rock is uncertain. It may perhaps have 

been a quartz-porphyry, but, if such, it has been very highly altered. u. s. G. 

Remal'h;. '1'his rock, on re-examinatian, appears to be a fragmental one, com

posed of very fine ( ja pilitic) quartz mingled with some clastic quartzes from some 

quartz-porphyry and a considerable amount of much altered fine debris from some 
basic source, probably from the pre-existing ridges of the Lower Keewatin in the 
nea~ vicinity, and to be therefore a part of the Upper Keewatin. It appears that 
the irregular loose masses of jaspilyte which characterized the Breitung and the West 
Breitung mines are comparable to the large masses seen at the outh side of the 
South ridge, near Tower, and that, like them, they are not of the original ore deposit 
of the North ridge, but belong in the base of the Upper Keewatin. N. H. W. 
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No. 885. OHLORITE SCHIST. 

[Chlorite schist. Greenstone 
Graywacke. Argillyte. . 

North end of a cut on the Duluth and Iron Range railroad, about one-third mile northwest of the south· 
east corner of sec. 5, T. 61-15 W. South from Soudan. 

R ef. Annual Report, xv, pages 270, 388. 

lIfeg. A fine-grained , soft, green schist. 

M1·c. The section shows a schistose rock composed of chlo1'ite, qUa1'tz and probably 

also je1dspCl1·. There are varying amounts of calcite, magnetite and epidote. Thickly 

scattered through the section are minute grains which have a high index of refrac-' 

tion and very weak double refraction; they are probably 'Zoisite. One thick section. 

Age. Keewatin. u. s. G. 

No. 886. "GREENSTONE." 

South end of the same cut from which No. 885 came. 
Ref. Annual Report, xv, pages 270, 388. 

Meg. A fine-grained, compact greenstone. 

},Inc. The section shows lath-shaped plagioclases in a mass of alteration products 

composed mamly of green hornblende, chlorite and finely divided magnetite. Calcite 

is common, and epidote is present. The rock was probably originally a diabase. 

One section. 

Age. Keewatin. 

No. 887. GRAYWACKE. 

Cut on the Duluth and Iron Range railroad; S. E. 7<1: sec. 8, T. 61-15 W. South of Soudan. 
Ref. Annual Report, xv, pages 271,388. 

Mfg. A hard graywacke of medium grain. 

U. S. G. 

Mia. More or less angular, prominent feldspars and fewer quartzes are 

embedded in a much finer grained groundmass, although there are grains of sizes 

intermediate between the grains of the groundmass and these more prominent grains. 

The feldspars are usually considerably altered and cloudy, though some still show 

albite twinnings. 'rhe groundmass is composed essentially of qua1·tz,jelclspa1·, chlo1'ite, 

muscovite and calcite. One section. 

Age. Keewatin. U. S. G. 

No. 8 8. ARGILL YTE. 

Same place as No. 887. 
R ef. Annual Report, xv, pages 271, 388. 

]feg. A fine-grained, dark-gray, slaty argillyte with mica scales along the 

cleavage planes. 
lInc. The rock is composed chiefly of fine grams of qtta1'tz and probably also 

of j etdspa'l" and flakes of viotite and chlorite. lIfagnetite and pY1'ite are present, and 

there are some minute grains which appear to be epidote. One section. 

Age. Keewatin. U. S. G. 
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No. 89. "GREENSTONE" ( with pebbles oj .1c~8pilyte) . 

Point in th e S . E. U sec. 20, T. 61- 15 W., Vermilion lake. 
Ref. Annual Report, xv, pages 231, 388; Bulletin vi, pages 233, 421. 

Meg. A fine-grained, roughly-schisto e, green rock, having many small, ineg

ular areas of jaspilyte-like white quartz. On some of the cleavage surfaces is a 

brownish, micaceou~ mineral. These areas of white color give the rock a peculiar 

appearance, suggesting a sheared and decayed greenstone amygdaloid, or perhaps a 

greenstone conglomerate with white pebble. 

'Alic. The section hows a very fine-grained rock composed mainly of chloTite 

and minute grain of quartz, and perhaps also of feldspar. A few muscovite scales are 

also pre ent. The white areas so noticeable in the hand sample are composed of 

finely cry tallized quartz similar to the quartz of the jaspilytes. In one of these 

white areas was a large grain of quartz surrounded by finer gra,ins of the ame min eral, 

its margin interlocking with the fine grain . These areas of quartz are a little 

coarser grained than the main mass of the rock. 

One section. 

A.r;e. Upper Keewatin. 

Remark. Compare o. 97. U. S. G. 

No. 90. SERICITIC S CHIST. (Brown.) 

Stone mine, Soudan. 
Ref. Annual Report, xv, pages 235, 253, 388. 

Meg. A fine-grained, roughly- chistose, brown rock. 1'he speCImen has an 

indistinct mottled appearance and a rough texture. 

Mic. One noticeable feature of the section, when examined with a low power 

or with the naked eye, is the presence of small, often not very distinct, area which 

are darker than the main rna s of the rock. nder the microscope these darker areas 

are not so distinct, and they are seen to be of e sentially the same composition as 

the rest of the rock, except/for the abundance of grains of i}'on oJ'e, which is com

monly accompanied by cltloJ'ite. The main mass of the rock is very fine grained and 

is composed of qua1·tz, or quartz andfelds]J{{J', mus('ovite and iron ore. These are all 

common, and chlorite is less common. The iron ore seems to be both lilllonite and 

hematite. The rock may be a very fine breccia. One section. 

Age. Keewatin . u. s. G. 

Bema?'!,;. This rock is plainly a finely fragmental one, and the quartz is finely 

dividecllike that of the jaspilyte. The irregular dissemination of the iron ores sug

gests that originally the rock was of the nature of a volcanic tuff. Indeed, there is 

is an indistinct patchy distribution of the other minerals concordant with that 
hypothesis. N. H . W . 
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[Red shale. Jaspilyte. Green schist. 

No. 891. RED' SHALE. 

Stone mine, Soudan. 
Ref. Annual Report, xv, pages 253, 254, 388. 

Meg. A soft shale, at times finely banded. It vanes from a greasy-feeling, 

white material to soft, earthy hematite. 

No section . 

Age. KeewR.tin. U. S. G. 

No. 892. J A SPIL YTE. 

North wall of Stone mine, Soudan. 
Ref. Annual Report, xv, pages 233, 256, 388 ; Annual Report, xvii, page 194. 

]Ieg. The usual gray, black and red banded jaspilyte, somewhat brecciated. 

Mic. The sections show the ordinary jaspilyte, composed of iron ore and fine

grained quartz. 

Two sections. 

A.ge. Keewatin. u. s. G. 

No. 893. J ASPIL YTE. 

From a dark slaty crag in the South ridge, near Tower. 
Ref. Annual Report, xv, pages 224, 269; Bulletin vj, pages 230, 421. 

Meg. A gray to reddish-brown, slaty, non-banded jaspilyte. 

Mic. The section shows fine-grained quartz and iron ore (hematite and limonite) 

with some greenish-yellow, earthy, staining material. 

One section. 

Age. Keewatin. U. S. G. 

No. 894. GREEN SCHIST AND J ASPIL YTE. 

Near the railway cut in Ely mine, Soudan. 
Ref. Annual Report, xv, pages 224, 230, 388; Bulletin vi, page. 52,230,232,421. 

Meg. A roughly schistose rock, composed of irregular bands and lens-shaped 

masses of green, fine-grained schist and gray material which resembles the fine

grained quartz of the jaspilytes. Considerable pyrite is present. 

Mic. The green parts of the section, the green schist of the hand sample, are 

composed of closely matted fibres of chloTite; in some places a few grains of qua1·tz 

occur in the chlorite mass, and, on approaching the gray material, the jaspilyte of 

the hand sample} the quartz increases in amount, usually occupying roughly lens

shaped areas in the chlorite mass. The gray material is mainly fine-grained quartz, 

with some flakes of chlorite. Pyrite and magnetite are common. One section. 

Age. Keewatin. u. s. G. 

No. 95. J ASPIL YTE. ( Schistose.) 

Same place as No. 894. 
Ref. Annual Report, xv, pages 230, 388; Bulletin vi, pages 232,421. 
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Meg. A roughly schistose rock, gray, brownish and greenish in color. '1' he 

gray material is fine-grained quartz, the brownish contains a micaceous mineral, and 

the greenish appears like the material of the green schists. The specimen was 

collected to represent a transition between jaspilyte and green schist. 

Mie. 'fhe section shows various irregular, but more or less lens-shaped, areas 

of three kinds: (1) Colorless, jaspilit,ic Q1ta7·tZ ; (2) Green ehlo?<ite, and (3) Micaceous, 

probably muscovite, area rich in iron ore. Iron ore (limonite and hematite) is abundant 

throughout the rock. The areas of different kinds are not always sharply marked 

off from each other. The rock perhaps represents a schistose breccia of rocks similar 
to No . 894 and 95. 

One section. 

Age. Keewatin. u. s. G. 

No. 96. OHLORITE SCHIST. (Siliceous.) 

Railroad cut at the Ely mine, Soudan. 
Ref. Annual Report, xv, page 388. 

Meg. A fine-grained, brownish-green, slaty and schistose rock. 

iJlie. A very fine-grained rock composed essentially of the following minerals : 

qu{(rtz, perhaps also jelclspa J', chlorite, i1'on OJ'e and muscovite. 
One section. 

Age. Keewatin. U. S. G. 

Remark. In this slide are evidences that the iron ore is somewhat titaniferous. 
rrhese consist of the gray leucoxene substance in small masses. These sometimes show 
the characteristicsagenite web resulting from alteration of rutile. Fine, interlocking 
jaspilitic quartz, in individual grains, permeates the whole rock. N. H. W. 

No. 897. OHLORITE SCHIST (holding pe7ilJles of jaspilyte) . 

Ely mine, Soudan. 
Ref. Annual Report, xv, pages 231, 268, 388; Bulletin vi, pages 233, 421. 

Meg. Fine-grained, green schist, having angular white areas of jaspilitic quartz. 
The l'ock is similar to No. 889. There is one larger len ticlllar area of gray to reddish 
jaspilyte an inch and a half in diameter included in the schist. 

Wr. The section shows chlorite, qua?·tz, perhaps also feld pal', muscovite and 
iron ore. The section resembles in general character that of o. 889. One section. 

Age. Keewatin. u. s. G. 

No. 898. OHLORITE SCHIST. 

Near Tower, but exact locality uncertain. 
Ref. Annual Report, xv, page 388. 

Meg. Fine-grained, brownish-green, schistose rock. '1'he brownish color seems 
to be due to areas rich in a micaceous mineral and iron ore (probably limonite). 

39 
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[Jaspilyte. l3:ematite. 

'rhe sample was collected to show a blending of the green schists and the jaspilyte, 

but this sample seems to contain but little more quartz than the ordinary green schist. 

Mic. A schistose rock composed of q~~a'rtz, perhaps also feldspar, chlorite, mus

covite and iron are. Similar to No. 896. One section. 

Age. Keewatin. U. s. G. 

No. 899. JASPILYTE. 

Near Tower. 
Ref. Annual Report, xv, pages 232, 388; Bulletin ii, pages 234, 421. 

Me.g. A white jaspilyte with spots and blotches of reddish. A little weathered 

pyrite is present. 
Mic. The section is made up essentially of the fine-grained qua1·tz common to 

the j aspilytes, but in this case the grains are some larger than is customary. 

Scattered through the slide are small g;rains of i'ron or-e, some of which are octabe

drons, probably of magnetite. Ther(:l are also irregular areas which show a brownish 

stain. One section. 

Age. Keewatin. U. s. G. 

No. 900. JASPILYTE (with magnetite C?"ysta1s). 

Near Tower. 
Ref. Annual Report, xv, pages 232, 388; Bulletin vi, pages 234, 421. 

Meg. Gray to black, banded jaspilyte. The black is due to magnetite,_ and 

small, glistening crystals (usually octahedrons) of this mineral are scattered through 

the sample. 
Mic. The section is composed of fine-grained qua1·tz and crystals of magnetite. 

One section. 

Age. Keewatin. U . s. G. 

No. 901. HEMATITE. (EaTthy. ) 

Lee mine, Tower. 
Ref. Annual Report, xv, page 388. 

Meg . Soft, impure, dark-red, earthy hematite. The field notes designate this 

as '" baked clay,' nea,r contact with the jaspilyte." 

No sect.ion. Compare No. 904. 

Age. Keewatin. U. s. G. 

No. 902. JASPILYTE (with veinlets). 

Stone mine, Soudan . 
Ref. Annual Report, xv, page 388. 

Meg. Banded jaspilyte, composed of broad, deep red bands, and narrow black 

ones. The red bands are of bematite and quartz, and the black ones of hematite, 

quartz and crystals of magnetite. The hand specimen shows nicely the folding of 

the rock. 
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Jnspilyte.] 

Mie. The section shows the usual jaspilyte, except that the iron ore is more 

abundant than is commonly the case and that there is much maqnetite in crystals. A 

noticeable feature of the section is the presence of many small, colorless veins. 

These are composed of minute grains of q~ta1"tz similar to the quartz of the usual 

jaspilyte, tbus howing that what has been termed "chalcedonic silica" in the 
reports of this survey does form in veins. 

One section. Compare No. 903. 

Age. Keewatin. u. s. G. 

No. 903. J ASPIL YTE. 

Stone mine, Soudan. 
Ref. Annual Report, xv, page 389; Annual Report, xvii, pages 194, 215. 

Meg. Similar to o. 902, except for two things : (1) In this specimen the 

magnetite crystals occur to some extent in the red bands, while in No. 902 they are 

confined to the black bands; (2) No. 903 has a few pyrite crystals; these seem to be 
confined to the red bands. 

Mic. The usual jaspilyte with very abundant iron ore, some of which is 

magnetite in crystals. The black bands are composed of qua1·tz, of coarser grain than 

in the red bands, of Ie s hematite, and of many coarser crystals of magnetite. There 

are also, as in o. 902, veinlets of fine-grained quartz cutting the section. Consid

erable of a very trongly doubly refractive mineral- calcite or siderite, most 

probably the latter- is present. Two sections . 

.Age. Keewatin. U. S. G. 

Remad;. Tbe fine sideritic element is in granular microscopic patches distrib

uted amongst the fine quartz and hematite. It also sometimes surrounds the 

magnetite crystals 01' adheres to them. It is fresh and non-limonated. It is 

coarsest in those parts of the lide where the magnetite crystals are coarsest, and is 

finest in the reddened (hematite) parts where the quartz is also finest. So far as can 

be determined from this slide, these iron minerals, whether oxides, sulphide or 

carbonate, stand on an equal footing as to date of origin. The vein lets of quartz cut 

across all the other bands, and are necessarily later in date. In this slide, and in 

that of No. 902, are traces of a green chloritic element which is apparently the same 

as that which constitutes the bulk of the green schists which enclose the iron ore lodes. 

In the thinner section, made by Marchand, it can be seen distinctly, in higb 

power, and on lowering the condensing lens, that the sideritic groups embrace many 

of the finer hematitic dark grains, or dust particles, and also that frequently such 

dust particles seem to serve as central nuclei of the individual siderite grains. But 

sometimes several such dust groups are embraced in a single siderite grain. 

N.H. w. 
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[Hematite. Jaspilyte. 

No. 9040. HEMATITE! (Earthy.) 

Stone mine, Soudan. 
Ref. Annual Report, xv, page 389. 

Meg. The field-notes designate this as a siliceous nodule from the" baked clay." 

The nodule is evidently the ordinary jaspilyte and it appears to grade imperceptibly 

into dark red, soft, earthy hematite, like No. 90l. 

Mie. The section is too thick and was evidently made from the earthy 

"baked clay" part of the specimen. It shows much hematite, and probably also 

some limonite. There are irregular areas of a colorless material which has very 

little effect on polarized light and when viewed in such light seems homogeneous 

and isotropic, except for a few minute, very weakly doubly refracti ve flakes. 

One section. 

Age. Keewatin. U. S. G. 

No. 905. HEMATITE. (Spec:ular.) 

Stone mine, Soudan. 
Ref. Annual Report, xv, pages 231, 389. 

Meg. Specular, more or less schistose hematite, in some places laminated and 

then passing into laminated gray and reddish jaspilyte. 

No section. 

A,c;e. Keewatin. 

No. 906. HEMATITE. (Brecciated.) 

Stone mine, Soudan. 
Ref. Annual Report, xv, page 389. 

lJ£eg. A fine breccia of hematite cemented by dark red jaspilyte. 

No section. 

U. S. G. 

Age. Keewatin . u. s. G. 

No. 907. J ASPIL YTE (with sicZe?'ite ). 

Stone mine, Soudan. 
Ref. Annual Report, xv, page 389. 

lIef). 'White to greenish-gray jaspilyte, sometimes finely laminated. The rock 

has been somewhat brecciated and now t)ontains vitreous quartz veins. A little 

pyrite is present. 

Mie. When examined with the naked eye the section is seen to be transparent 

in places and gray or clouded in others. Under the microscope this appearance is 

seen to be due to the massing of the two constituents of the rock in irregular areas; 

the transparent areas are composed of the usual fine-grained qttw·tz of the jaspilytes, 

and the clouded areas are composed of side),ite, with perhaps a little calcite. The 

siderite has a granular structure and occurs in irregular granular masses and also in 
definite rhombs, but even the rhombs seem to be granular. rrhat this mineral is 




