
PART II. 

PETROGRAPHIC GEOLOGY AND DESCRIPTIONS. 

No. 1. GABBRO. (Rice Point Gmnite.) 

N. W. M sec. 34, T. 50- 14, Duluth. 
Ref. Annual Report ix, pages 11, 18, 32; Annual Report x, pages 41, 72, 139, 201,204; Bulletin ii , pages 73- 75; 

American Association for the Advancement of Science, vol. xxx, page 162, 1882; Final Report, vol. i, pages 196-199; 
vol. iv, pages 571-580. 

Compare J. H. KLoos, Zeit. d. deutsch. geo!. Gesell, xxiii, pages 440, 441, 1871 (Translation, Annual 
Report x, pages 193,194); A. STRENG and J . H. Kwos, Neues Jahr. f. Min., etc., 1877, pages 113--117 (Transla
tion, Annual Report xi, pages 51-54); N. H. Wn,cHELL, Annual Report viii, pages 22-26, 1880, and Final Report, 
vol. i, pages 147, 149,1883; R. D. IRVING, Mon. v, U. S. Geol. Survey, page 55, 1883; C. L. HERRICK, E. S. CLARKE 
and J. L . DEMING, American Geologist, vol. i, pages 342-344, 1888; W. S. BAYLEY, Journal of Geology, vol. i, 
pages 696, 697, 1893; vol. ii, No.8 and vol. iii, No. 1. 

:JJ1egascopic chamcte1·S. This rock varies considerably in color and grain, but as 

a rule is coarse grained, lavender gray or greenish gray and composed largely of 

feldspar whose twinning striations are very evident and which is usually crystallized 

in a uniform massive structure, but is sometimes distinctly porphyritic. Its tabular 

crystals are usually less than half an inch across, but one of our specimens exhibits 

a single crystal which has a roughly rounded outline and a diameter of an inch and 

a half on its cleavage face (compare, also, No. 128). Sometimes a lighter-colored 
feldspar with rectangular cleavages is sparsely scattered amongst the gray crystals, 
and this sometimes is whitish, and in other places pinkish, and in proximity to areas 

of r€)d rock (No. IB) these red feldspars are abundant. With such aspect this rock 
has received the nal7le "orthoclase gabbro." Between the plagioclase grains, but 
making only a small part of the rock, are pyroxene and magnetite. The pyroxene 

has an irregular, though pronounced, cleavage-parting. It is usually in xenomorphic 
anhedrons, but occasionally it embraces the feldspar crystals ophitically. The 

magnetite is brightly metallic on fresh surfaces; on weathered surfaces it stands out 
rigidly after the other minerals have disintegrated. It is sometimes in tabular and 
other abnormal forms, owing apparently to the shapes of the cavities which it 
filled after the solidification of the other minerals. 

In proximity to the lighter-colored feldspars are occasional nests of epidote and 

a rare crystal of pyrite. When the two feldspars are in contact the red coloration 
sometimes slightly penetrates the plagioclase crystal. 

While this rock, as a whole, is coarse grained and uniform in texture, the large 
tabular plagioclases indicate two periods of crystallization. Still, the sizes vary 

7 
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much and the two periods are not sharply separated. In some places the smaller 

tabular plagioclases present lath-shaped outlines, and as the pyroxene approaches 

augite the rock becomes a coarse diabase, with more or less of an ophitic structure. 

:Uicroscopic characters. The f eldspar is usually remarkably fresh, and displays 

brilliant color-bands, when not too thin, according to the widths of the intersected 

lamellce. "Tested by the Levy-Pumpelly method it gives angles of 13° to 14°, and 

therefore would be classed as labradorite. It contains numerous tubular cavities 

arranged parallel to the twinning planes; also many glass and other inclusions. The 

feldspar is somewhat altered and cloudy, some of the sections having suffered greatly. 

Included in the feldspar is magnetite, chlorite (viridite), quartz and diallage closely 

approaching augite. The diallage is in places altered to uralite, etc." (Wadsworth.) 

A. thin section parallel to the brachypinacoid (010), cut from one of the porphy

ritic crystals, bringing out the cleavage parallel to the base (001) affords an extinction 

angle of 25° to 27°, which, according to the table of Fouque,* indicates that the feld

spar is labradorite-bytownite. 
The twinning striations are more frequently seen on the edges of the tabular 

crystals (albite law), which exhibit also sometimes the less easy cleavage parallel to 

the brachypinacoid, than on the sides which are formed by the development of the 

brachypinacoid. These edges sometimes consist of a wide band without striations, 

adjoining another which is abundantly striated. Sometimes all the twins which 

stand in the same direction are narrow, like threads, consisting of the merest films, 

while their reversed fellows are broad. A basal section may therefore be governed 

largely, in its direction of easy cleavage, by the broad bands parallel to one of the 

sets of albite twins, and the narrow bands which are due to the thin albite twins may 

be inconspicuous or, in small slides, entirely wanting. This apparent absence of 

banding in basal sections is more likely to occur when the slides are so thin that they 

do not give colors higher than the grays of the first order in Newton's scale, in which 

case the lines separating the twins might be mistaken for cleavage. But even then 

the alternating extinctions are seldom obscured. 

The section examined affords an interesting case of Carlsbad twinning in combi

nation with albite twinning. One Carlsbad is cnt parallel to the ba,se, the other being 

oblique, and the two can be examined by the method of Michel-Levy for the four 
positions of "eclairement commun." t 

In a section cut at random from o. 1, the greatest equal extinction angle on 

opposite sides of a twinning macle was found to be 38° on one side and 37 -~ ° on the 

other. This, alone, is not diagnostic for labradorite, for anorthite has the same (see 

plates VI and VII, Determination des Feldspaths). But since in labradorite this 

* Bulletin de la Societe FI'w/faise de .1:filler alogie, vol. xvii, p. 428. 
t D elcr olinalion eles j "e ldspallt s, pp. 20-2'2. 
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measurement is near the locus of an optic axis, and in anorthite is far removed from 

it, search must be made for the proximity of the axial figure ; the feldspar is thus 

again found to be labradorite. 

Micro-chemical te ts (BOl'icky) show the presence of lime and soda in this 

feldspar. 

The specific gravity of small fragments of the feldspar from No. 1 was found 

to be 2.706. The trial was made in iodide of methyl on a Westphal balance. 

The impurities of thjs feldspar, as exhibited in the section, tend to accumulate 

III lines 01' elongated masses parallel with the cleavage planes. They are more 

abundant in proximity to the other minerals, and especially adjacent to the pyroxenes, 

where an opaque whiteness often spreads irregularly for some distance on all sides, 

sometimes tinged with green . The same cloudiness accompanies all other cracks, 

which sometimes may be seen crossing the feldspars irregularly, and occasionally it 

pervades generally the mass of the feldspar, destroying the characteristic optical 

phenomena. In addition to this kaolinization are minute grains of magnetite (~) 

which are in groups or scattered. Occasionally they afford a cubic section, but 

generally their outlines are irregular. The pyroxene, which ophitically embraces 

the feldspars, is frequently, and perhaps usually in the specimens from Duluth, much 

decayed . The brilliant polarization which this mineral, when pure, presents between 

crossed nicols, in thick sections prepared for the microscope at low powers, is not 

usually seen, at least in sections cut from No.1; but owing to incipient disintegra

tion secondary products obscure it. These consist of magnetite, amphibole and 

chlorite, and sometimes a small amount of epidote. 

Chemical analysis of the felclspw' of No.1. The following analysis was made by Prof. J . A. Dodge. He 
selected the feJdspathic portion, by mechanical means, as clean as possible, but this portion was not wholly 
unmixed with other constituents of the rock: 

SiO z 49.78 
AlzOs ( 32.36 
F ezOs* l 
CaO 11.55 
MgO 1.43 
K zO .41 
NazO 3.39 
H zO 1.83 

100.76 

The PYl'o.rene was formed after the feldspars, filling the irregular, angular spaces 

between them, producing the ophitic structure. Usually the magnetite which has 

resulted from the breaking down of the pyroxene is in minute grains intimately 

associated with the resulting amphibole, but grouped together neal' the centre of the 
original pyroxene grain or in zonal arrangement at the periphery. But sometimes 

the amphibole occupies the entire original space of some of the pyroxenes, while 
magnetite occupies others. In each ca e the outlines of the pyroxene are preserved. 

* The a moUJl t of oxide of i1'OI1 is quite small. 



84 THE GEOLOGY OF MINNESOTA. 
[Gabhro. 

The greenish alteration product from the pyroxene is, however, not always charac

terizable as amphibole. It is fibrous when the alteration is complete as amphibole, 

or granulo-fibrous when it is not far advanced. The change also proceeds to the 

production of a chlorite having the blue color and pleocroism of pennine. 

There is also seen, rarely, another stage, a micaceous one, between amphibole 

and chlorite. It is hardly di tinguishable, since, in all cases, so far as ob 'erved, the 

mica produced is so far perme!1ted with chloritic characters, both in int.ernal struc

ture and in optical aspect, that it is intermediate in ensemble between chlorite and 

mica. When the micaceous characters remain they are expressed by higher double 

refraction and a more widespread uniform darkening at certain angle over the whole 

area of the grain or by evident cleavage. When the change i. 0 far perfect as to 

constitute a chloritic element, the polarization is in shades of blue and yellow which 

supplement each other in rotation, each in the form of bright filament, and the 

grain never assumes the darkne s which is brought out in the micaceous stage. In 

ordinary transmitted light the micaceous grains are clear and structureless, or show 

a crooked cleavage, giving little indication of the fine, confused internal structure 

which the polarization colors express. The chlorite grains are continuously dark 

between crossed nicols when the section is parallel to their cleavages. 

The pyroxene of No.1 is further described under o. 10. ]Iagnetite appears 

both as apparently original and as secondary products. In the former state it con

stitutes an important ingredient in the composition of the rock, and as a secondary 

product it seems to have originated in an: early stage of the rock's history, probably 

before it had become cool. Indeed, it is reasonable to suppose that many of the 

changes to which the various minerals have been subjected were completed prior to 

cooling. In the case of the magnetite, whether of the original minerals that segre

gated from the magma, or of those that arose from chemical rearrangement after con

solidation, there seems to be no es ential difference in its vi ible characters. The 

original grains are sometimes two or more millimeters in cro . section, and occupy 

original positions amongst the larger grains, while the secondary grains are of micro

. copic size, and lie in the cleayage cracks of the labradorite and at the angles of the 

pyroxenes. Magnetite being normally one of the earliest of the original minerals to 

take its place in t.he consolidating magma, it is yet possible that the original and 

econdary grains, as he1'e distinguished, did not differ widely as to the time of their 

formation. In any case the magnetite, even in its finest grain. , can hardly be con

sidered a product of ordinary weathering, nor of dynamic action, and the intimate 

relations subsisting between all the grains, especially the approximate p. eudomor

phism after pyroxene, indicate that some of the larger grains are likewise of secondary 
ongm. 
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In the magnetite sections that are examined the outlines are not blurred by a 

leucoxene rim . 

The secondary origin of all the magnetite found in this rock at Duluth, where it 

is so abuncln.ntas to have attracted attention as an iron ore (No. 10), is therefore more 

than a possibility; that is, if the term secondary be understood with the above 

bmitation . The fact that the large crystals of magnetite in this rock are seldom or 

never in their normal, entire, cubic forms, nor even as derivatives from the cubic 

form, but are of irregular shapes and dimensions, precludes their being considered, 

as now seen in the rock, as original in a molten magma. Yet, as magnetite, it must 

have originated early and before the final setting as to r.rystallization, which the 

rock now presents. If it be supposed that dynamic or other causes may have 

destroyed the original cubic shapes, it would still be likely, not only that the other 

minerals would have suffered similar deformations, but that in some places there would 

be still some remaining indication of an original quadratic crystallization. Neither 

of these conditions is found. On the other hand, it is a very common observation to 

note the encroachment of magnetite upon a grain of pyroxene, and the entire 

occupancy of the area of the latter by the substance of the former. There the 

magnetite takes the original shape of the pyroxene, which itself was later than the 

feldspars, and accommodates itself to its forms. Such microscopic quanti tie of 

of magnetite seem to be traceable, step by step, to the larger masses, and the 

secondary origin of all the magnetite seems to be a reasonable conclusion. It may 

have resulted from profound change in the chemical 01' physical conditions just 

prior to final congealation, by reason of which some of the element of the earliest 

crystallizations were rendered unstable, and a widespread resorption of some of the 

elements took place, leaving magnetite as a consequence. 

In numerous places in No. 10, the magnetite can be seen in contact with 

unchanged augite and feldspar, which shows that it began to form prior to the 

commencement of decay of the augite. Still, even in No. 10, it is found in the 

central portions of what is now a chloritic mass, resulting from change of augite. 

Here also are some quadratic forms embraced in pure feldspar. 

Chemical analysis of the Gabifro No . 1. The following results were reached by Prof. J. A. Dodge (No. 
I ). Beside it is givcn (No. II) the composition of a" hornblende gabbro," reported by Streng from the St. Louis 
river near Duluth. 

I. II. 
SiO. 50.43 49.15 
Al z0 3 23.83 21.90 
Fe Z0 3 17.63 6.60 (FeO= 4.54) 
Ti0 2 trace 
CaO 4.79 8.22 
MgO 2.46 3.03 
K 20 0.34 1.61 

Ja2 0 2.06 3.83 
H 2O 1.92 



86 THE GEOLOGY OF MINNESOTA. 
[Gabbro. 

There can be but little doubt t.hat this is the rock which was examined by 

Streng under the name" hornblende-gabbro," and by Irving under the name" ortho

clase-gabbro,"* obtained at Duluth. Streng's specimen was obtained "on the St. 

Louis river, near Duluth, and Irving's," near the center of sec. 33, T. 50- 14. Irving 

refers to it as the" coarse gray rock of the St. Louis ri ver bluffs, at and near Dul uth." 

From the same mass or hill range, however, Irving reports (viz., on sec. 27, T. 50- 14) 

an "orthoclase-free" gabbro. rrhe sections of No.1, here described, are from more 

decayed rock than is usually found in the gabbro range. Several other numbers 

more fairly represent it, particularly Nos. Ie, 512,513, while No.5 is an illustration 

of a still further impregnation of the same rock with elements from the contacting 

clastics. 
The relations of this rock to a series of clastics of older date are very intimate. 

For a discussion of this association the reader may consult Part I. 

In this rock Streng proved the titanic acid to exist in the form of titaniferous 

magnetite. The feldspar, after treatment twenty-four hours, was found insoluble, 

and its powder, after long treatment in the same acid, gave him no jelly. He 

concluded, therefore, that it is not anorthite, but comes near labradorite. On 

account of the percentage of 1.61 of potash in the rock, he concluded al 0 that some 

orthoclase is present. 
In the hornblende he found sometimes a "viriditic" substance, giying it a ligbt-

green color, with impaired dichroism, and a parallel or radiate fibrous structure. 

In other cases the brownish-green hornblende, without viridite, is parallel-fibrous and 

strongly dichroic. This hornblende he considered an original mi1?-eral ingredient, 

and not a product of change from diallage. The grains of diallage did not appear to 

him to encroach in tbe least upon those of hornblende, though the two were described as 

forming a mosaic, with sharp outlines. He mentions large, black metallic, angular 

crystals of magnetite and menaccanite, and smaller grains of the same embraced in 

the other minerals. These, with a little epidote, chalcopyrite, quartz and apatite, 

constitute the minerals of the rock. He concludes thus: 

"It is therefore a basic rock whose high per cent of alumina correspond closely 

with its abundance of triclinic feldspar. If this feldspar were anorthite the content 

of lime would have to be higher, and that of soda necessarily less. Furthermore, if 

this feldspar were oligoclase or andesite, the per cent of silica of the whole rock 

would be higher, since the 1.61 per cent of potash presupposes a content of orthoclase 

of about 9.52, which drives the silica to a high percentage. Therefore, the triclinic 

feldspar comes nearest to labradorite. While the silica per cent rises by reason of 

the orthoclase, it is reduced again by reason of the percentage of magnetite and 

* Eleventh Minnesota R epo,·t, p. 51. Mon . v, U. S. Oeo!. Sm'vey, pp. 50,53. 
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menaccanite. The meager percentage of magnesia corresponds to the low content 

of hornblende and diallage in the rock. The apatite in the rock amounts to 0.81 

per cent." 

Seven sections examined. 

Age. Cabotian of the Taconic (or Lower Cambrian). N . H.W. 

No. lA. GABBRO (with o?·thoclase). 

From the high land, Duluth. Same rock a.' No.1, but further northeast; intersection of Fifth Avenue 
East and Seventh Street; near a contact with No. lB. 

R ef. Same as for No. 1. Al;:;o, Annual Report, x, pages 41, 141; Proceedings of the American Association 
for the Ad vancemcnt of Science, vol. xxx, page 165. 

~Meg. As No.1 approaches the" red rock" of the region (No.1 B) it begins to 

acquire other minerals, and a reddish, feldspathic spotteclness, as expressed by this 

rock and by NO.5. At the contact the grain is sometimes considerably finer than 

at a distance from the contact. The section examined eems to have been derived 

from near the contact. It was described in the Proceedings of the American Asso

ciation for the Advancement of Science, Cincinnati meeting (1881 ), when it was said 

to contain" labradorite, uralitic augite and titaniferous magnetite. Some of the 

augite is changed toward vil'idite; orthoclase in occasional grains;" and it was placed 

amongst the" mixed igneous and sedimentary rocks." It principally differs from 

No. 1 in having a visibly greater proportion of the orthoclase element. It is not an 

independent rock, but an altered phase of No. 1, as will appeal' more fully in the 

descriptions of some of the other samples. 

One section examined. 

Age. Oabotian. N. H. W. 

No. lB. GRANITE. (Reel.) 

Duluth; probably N. W. ~ sec. 34, T. 50-14. 
R ef. Annual Report, ix, pages 11, 12, 17, 18; Annual R eport, x, pages 41,140,201,204; Annual Report, xiii , 

pages 100, 103; Bulletin viii, page:; xxx, xxxiii; American Association for the Advancement of Science, vol. xxx, 
page 163, 1882. 

Compare R. D. IRVING, Mon. v, U. S. Geol. Survey, page 119, 1883. 
There are two hand samples of this number, both of which have been analyzed. As the two differ con , 

.'iderably, they will be described separately a:; Nos. 1B and 1B I. 

~Meg . A medium 01' rather fine-grained granitic rock of a brick red color. Com

posed principally of two minerals : a reddish feldspar and a black 01' greenish black 

su bstance, apparently hornblende; the former is in greater amount than the latter. 

Quartz, in smaller grains than the other two minerals, i, not very evident, but is 

scattered throughout the specimen. A few small yellowish areas are also seen. 

11fic. The section shows that the rock is highly altered, but as it is typical of 

certain phases of the "red rock" of the Cabotian, to which Irving has applied the 

term augite syenyte, it will be described rather fully. The, tructure is granitic, 

although the feldspar has a tendency to an idiom orphic development, and the following 
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minerals are present, in the order of abundance: f eldspar, quartz, hornblende, a greenish 

yellow, almost isotropic, mineral, magnetite, ep'idote, muscovite and apatite. 

The f eldspar is much altered and reddened, as is usual in rocks of this class, and 

has sometimes become opaque; thus some of the areas that were originally feldspar 

show almost no action on polarized light, and many of them have comparatively 

little of the feldspar material in its original state. However, in a few case , the 

traces of polysynthetic twinning can be noticed, but not frequent nor distinct enough 

for determining the nature of the feldspar. Several simple twins, apparently of 

orthoclase according to the Carlsbad law, are seen, and also many untwinned grains, 

some of which are less altered than those which show twinning. From these facts, 

and from the analysis which is given below, it appears that the feldspars present are 

(1) Orthoclase, in some quantity; (2) Plagioclase of an undetermined variety, but 

probably near oligoclase; and (3) Anorthoclase is supposed to be present, as it is 

known to occur quite frequently in rocks of this class. 

As secondary minerals in the feldspar are muscovite, quartz, epidote and a 

greenish yellow mineral. The last has almost no effect on polarized light, occurs in 

inegular areas or in branching vein-like forms, and is intimately associated with a

fibrous mineral of about the same color; the latter appears to be hornblende. Epidote 

is seen in small areas and crystals; it is yellowish or colorless. Muscovite exists in 

small flakes. In altered feldspar crystals three zones can sometimes be distinguished; 

an inner one composed of rather fresh feldspar, outside of which is an opaque reddish 

zone more altered than the interior, and beyond this a ·zone of about the same 

nature, but less reddened. Very frequently the inner zone, instead of being the less 

altered, has almost no feldspar material left, but is composed largely of the isotropic 

mineral mentioned above, oftentimes associated with finely fibrous hornblende, 

epidote and a few muscovite flakes. 

After the feldspars the most important ingredient of the rock is qttCt1'tz, which 

occurs in two modifications. The first form occurs in the spaces between the feld

spars. It has all the characters of ordinary granitic quartz. It is clearly younger 

than the feldspar by which its outlines are conditioned. The other form taken by 

quartz is an intimate micropegmatyte with the feldspar. This micropegmatyte per

vades the whole rock and is a very characteristic microscopic feature of the granular 

acid rocks of the Cabotian. As the feldspar is so much altered and darkened, this 

structure is very easily seen in ordinary light. Large areas of feldspar are sometimes 

completely penetrated by this network of quartz; again, the quartz particles occur 

only around the peripheries of a feldspar grain. These apparently detached qua~'tz 
grains are sometimes oriented with the larger quartz grains adjoining the micropeg

matyte, and sometimes are entirely independent of them. This rock does not show 



, an1 

eldspar 

fati,ely 

ses. tnt 

fnougo 

ntlYol 

gr-ains. 

e facti. 

en are 

~'. bu 

with a' 

£pido 

xis!, ~ 

ui~hed: 

reddisn 

e samp 

the leI. 

'iotrof,i 

blendt. 

:. whi,'c 

he lela· 

ronn~r 

aken ~r 

yte I*r' 

!11llUlar 

ed. thi: 

DletiUl1! 

e~ OCCur 

Id qualll 

,lPJ' licror': 

not sho~ 

PETROGRAPHIU GEOLOGY AND DESCRIPTIONS. 89 
Granite.] 

the structure as well as some others which will be figured in this volume, but it is 

still very evident. For illustrations of this class of rocks and this structure, see 

plate XV of Irving's "Copper-Bearing Rocks of Lake Superior," and especially 

figure 1, which is of a rock from the same locality as the one here described. 

HOn'l,blencle occurs in fibrous mas. es and in compact grains. The fibrous masses 

occupy areas which were probably originally filled with augite, but the slide now 

shows no trace of the original pyroxene. A few of these areas show partial outlines 

that resemble cross sections of augite. The compact hornblende is browni 'h-green 

and distinctly pleochroic, a being straw-colored or greenish-yellow, b dark-brownish, 

and c, nearly the same as b. The absorption is c > b ~ a. The hornblende does not 

show well defined crystal outlines, but one cross section approaches closely 'to the 

form of a pyroxene cross section. The fibrous form is often intimately as. ociated 

with the compact, the former probably being an alteration of the latter. That the 

compact hornblende is original, is uncertain, and it is quite probable that all the 

hornblende is secondary, the original ferro-magnesian constituent of the rock being 

augite, and the rock one of the augite syenytes described by Irving.* 

]JIagnetite is abundant, occurring in well defined grains, after showing crystal 

outlines, and in irregular areas and minute grains associated with the hornblende. 

The rock powder yields many grains to the magnet. 

Apatite is quite common in the form of long needles, which penetrate all the 

other minerals of the rock, even the magnetite. 

Chemical analysis. The following analysis was made by Prof. J. A. Dodge and published in the thirteenth 
annual report, page 100 (Chemical series No. 148). 

Si0
2 

66.36 
Al z0

8 
13.33 

F e
2
0 a 7.89 

F eO 2.96 
CaO 
MgO 
K 2 0 
Na zO 
HzO 

2.14 
1.20 
3.05 
2.63 
1.21 

100.77 
This shows a rock which is more basic than the average of "red rocks," and which has a lower percentage 

of . oda than is common. 

Remcwlcs. As has already been stated, this rock belongs to the series of " red 

rocks" of the Cabotian. In Part III, of this volume, will be found a discussion bearing 

on these rocks; among the various points discussed will be: their origin, their 

relations to the gabbro, the secondary nature of the micropegmatyte and the 

hornblende. 

One section examined. 

Age. Cabotia.n of the Keweenawan. U. S . G. 

* Op. Cil., pp. 112-124. 
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No. lB'. GRANITE. (Reel.) 

Duluth. Probably N. W. U, sec. 34, T. 50-14. 

11Ieg. A rather fine-grained, reddish to fiesh-colored granitic rock composed of 

quartz, a pinkish feldspar and a little epidote. A number of the feldspar grains are 

considerably larger than the other constituents and are surrounded by a ~ner ground

mass of quartz and feldspar, but these larger grains are not sufficiently distinctly 

marked off from the rest of the rock to give it a porphyritic appearance. 

jJlic. The section shows a granitic groundmass of feldspar and quartz, the 

fonner in larger quantity than the latter. In this gl'oundmass, and not very sharply 

separated from it, are larger areas of feldspar with which quartz i plentifully inter

grown in most beautiful micropegmatyte; the feldspar of the groundmass does not 

show this featlU'e. Frequently these areas of feldspar contain more than one crystal 

and occasionally a core which is not filled with quartz, but the feldspar does not 

show idiomorphic outlines. The feldspar is much altered and is cloudy, reddened 

and sometimes almost isotropic; the cleavage is poorly developed and good cleavage 

fiakes on which to make determinations of the extinction angles are almost impos

sible to obtain. In some crystals traces of polysynthetic twinning can be ob. erved, 

but most of the grains are too highly altered to show this. As the feldspar is the 

only mineral of any importance besides the quartz, the analysis of the whole rock, 

which is gi ven below, will give a good index of the composition of the feldspar. The 

amount of soda is very high in comparison with the potash and lime, and a consid

erable part of the feldspar would thus seem to be albite, but anorthoclase, and per
haps some orthoclase, are also probably present. 

Reddish iron oxide is quite common in minute fiakes scattered throughout the 

section. A few small area' of chlorite and of epidote are al. 0 present. If the chlorite 

repl'e ents an original ferro-magnesian constituent, nothing can now be said as to 
what it was. 

Chemical analysis. The following analysis of the whole rock was made by Prof. J. A: Dodge, and fir;;t 
published in the tenth annual report, page 204 (Chemical serics 73). 

Si0 2 

A.l 20. 
FezOs 
CaO 
MgO 
K 20 

a 2 0 
H;O 

RernCt11cs. One of the" red rock" . ·eries. See under IE. 

Age. Cabotian of the Keweenawan. 

75,78 
11.09 
2.09 

.86 

.65 
1.06 
6.43 
1.82 

99.78 

U. tl. G. 
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No. le. GABBRO. ("Rice Point (Pl'anite.") 

Duluth. From the rock which has been slightly explored for iron ore. Belongs to the same rock as No.1, 
but from a point further east on the hill. 

Ref. Same as for No. 1. Also Annual Report, x, page 41. 

lJleg. This is a fresh rock, of higher specific gravity than o. 1, grayish-black, 

medium grained, having distinct ophitic structure, in some places largely made 

up of magnetite, in the mass of which sometimes may be seen rectangular 

surfaces. 

lJ£ic. The coloration of all the transparent grains in a thick section, between , 
crossed nicols, is much more brilliant than that of No.1, and the ophitic relations of 

the pyroxene and the plagioclase plates are very marked. 

The feldspar exhibits Carlsbad and albite twinning, and occasionally also the 

pericline bands. A section approximately parallel to 010 gave extinction on the edge 

(001) (010) at 2Ho; another parallel to 001, gave an extinction of 22°, which indicate 

labmdo1'ite, approximating bytownite. 

The py )'oxem'c element possesses special interest, as 

cliallage, with bright and contrasting polarization colors. 

conjunction with that parallel to the face 100, is common. 

it is usually a lamellated 

The prismatic cleavage, in 

The fibrous disintegration 

which precedes the change to amphibole is always perpendicular to the last mentioned 

cleavage. There is a great range in the degree of change manifest in the diallage. In 

the section examined there is no apparent tendency to amphibole, but to chlorite; 

at least no amphibole colors nor cleavage is visible. Some of the diallages are nearly 

intact, and others are entirely changed. Those which are yet intact embrace 

magnetite in grains of considerable size, which sometimes show angular forms, as if 

original, while those which are changed have fine granular aggregations of magnetite 

of irregular shapes at their centres, the periphery of the diallages being made up of 

a rim of opaque veriditic matter, apparently of chlorite. The magnetites so em braced 

in decayed grains of diallage are frequently impacted in epidote, or epidote and 

chlorite. In the unaltered or slightly altered diallages the contact between the 

diallage and the included magnetites is clear and abrupt, indicating the original 

natUl'e of the magnetite. See figure 3, showing cleavages .of diallage. 

The arrangement of the magnetite in some of the principal magnetic grains is 

in lines (as seen in section) or sheets. It suggests that the lamellation of the diallage 

parallel to 100 may have determined its position, and hence, on the view above that 

the magnetite in the main is not a magmatic secretion, but is a secondary generation 

after consolidation, before cooling, the lamellation of the diallage must have had a 

very early origin, prior to the genesis of this secondary magnetite, and hence was 

probably original, and not a result of change from augite. Still, it is possible, if not 

probable, that an earlier stage of the diallage was augitic, and that both the 
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lamellation on 100 and the generation of magnetite date from the cooling period, 

perhaps contemporaneously. 

~lJIagnetite. From the above it appears that the genesis of the magnetite in this 

rock is not all referable to the same date, but that it was both original and 

"secondary." It is in quadratic forms embraced in the feldspars and in the diallages, 

in comparatively unchanged surroundings. It fills angular openings within the 

feldspars, where it seems to have taken the place of decayed pyroxenes (diallages), 

and in this form it constitutes the largest amounts. At the time of this substitution 

of magnetite for pyroxene, there was a general disintegration of the pyroxenes, so that 

their spaces are not entirely filled with magnetite, but epidote, and especially chlorite, 

appear as secondary minerals. PyJ'ite appears in a few small grains, mingled with 

the 8econdary magnetite. 

FIG. 3. A GRAIN OF DIALLAGE SEEN IN SECTION OF ROCK NO. 10, SHOWING THE PRISMATIC 
CLEAVAGES AND THAT PARALLEL TO 100. 

a-Magnetite (black) . b-Feldspar. c-Fibrolls cliallage. cit-Chlorite. 
The rest of t he figure is occupied by a grain of cliallage. In this section the fine fibrous structur e is wanting. 

The order of genesis of the minerals here seems to have been as follows: 

Original-

1. Magnetite. 

2. Feldspar. 

3. Diallage. 

"Secondary," 01' without known 
01'de1' of genesis-

Chlorite. 

Magnetite. 

Pyrite. 

Epidote. 
In the magnetite sometimes there is a connection between a cubic or otherwise 

angular grain, which is so situated with respect to a feldspar 01' a pyroxene as to 

show its original date from the molten magma, and a mass of secondary magnetite, 

as if the change of the pyroxene had been provoked to begin at a mao'netite nucleus 
I:> , 

and to spread widely from it. In such a case the original cubic magnetite has a 

sharp line of separation from the surrounding minerals, whether of pyroxene or of 
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feldspar, but the" secondary" increment has a laminated structure and an irregular 

outline, both due to the form of the original pyroxene. 

These secondary minerals seem to have been derived entirely from the change 

in the diallage, for the feldspars are quite free from such change. There is some

times a patch of chlorite surrounded by a feldspar grain, but in all , uch cases, so far 

as observed, there are a few fine grains of secondary magnetite embraced in the 

chlOTite, showing that the place of the chlorite was originally occupied by a grain of 

diallage; 01' such chlorite grains can be referred to the effect of a neighboring disin

tegrated diallage. 

From the foregoing, however, it is not established that the great masses of iron 

ore of the gabbro are of secondary date, though it appears probable. If such a gen

eration be establi hed by such evidence it is necessary to understand the term 

secondary to apply to a date just subsequent to consolidation prior to cooling, when 

chemical changes were liable to rapid production. The changes that have resulted 

since cooling, so far as seen in this rock now at the surface, are nil; but they may 

have been great prior to the removal of the weathered surface by the glacial period. 

One section examined. 

Age. The Cabotian eruptives of the Taconic. N. H. W. 

Nos. lD AND lE. GABBRO. (Globula1' masses, 'Wec~the1·i.0?~1 / o'f}?7-:' ;,-,.,. 1. j 

Duluth. At a point half way between Newson's quarry and the depot. Also seen on Michigan street, 
where it has been cut by grading and forms a bluff about fifteen feet high. 

Compare Nos. 4A and 1799. 
R ef. Annual Report, ix, page 11; Bulletin ii, pages 73, 74; Annual Report, x, pago 41. 

]£eg. An extensive disintegration characterizes a belt in the gabbro seen at this 

place and again on Michigan street. It is finer toward the east. At the point where 

this specimen was obtained the masses were over a foot in diameter, with many 

smaller. Evidently the, e larger masses, being fresh and liketherock of No. 1, are of the 

nature of "boulders of disintegration," as defined by T. Sterry Hunt. But in other 

places the rock i in the nature of a gmvel of disintegmtion, the small gabbro pieces 

being about the size of apples and walnuts, though surrounded by much decayed 

rock. The face of the cut on Michigan street presents much the appearance of a 

conglomerate (plate P, figure 1, voL iv). 

]fic. A thin section from No. IE presents the same characters as No. 1, but the 

minerals are much decayed . 

One section examined. 

Age. Cabotian. N. H . W. 
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No.2. DIABASE. 

Duluth. Dike running N. 30° W. , separating No. lA from No.3. 
Ref. Annual Report, ix, page 11; Annual Report, x, page 41. 

[Diabase. GranHe. 

Meg. A dark gray, compact rock of rather fine grain. Composed of plagioclase, 

a greenish mineral looking like an alteration product of augite and magnetite. The 

feldspar weathers whitish to pinkish. 
JJbc. A rather fine grained diabase, more or less altered. The ophitic structure 

is very distinct, and the plagioclase is usually little altered. In the angles between 

the plagioclase, and often penetrating it along the cleavage cracks and twinning planes, 

is a dirty-greenish alteration product of the augite. In some places fresh augite still 

remains; it has a purplish tinge similar to that of a large proportion of the diabasic 

augite of these rocks. Jllagnetite is quite abundant, but is confined largely to the areas 

of altered augite; it is in irregular grains, and especially in rod -like bodies, which 

often exist in small groups, in each of which the rods lie parallel. Sometimes one 

rod will have several smaller ones branching off from it at right angles, thus 

re embling'the skeleton crystals of magnetite found in certain glassy rocks.* But in 

the rock under consideration, the rods are several times larger than these skeleton 

crystals. 

One section examined. 

Age. Probably a dike of Manitou. 

Re111cwks. " A finer-grained rock of the same general character as No. lA, and 

running in the form of a dike, N. 300 W., and separating No. lA from No. 3."t 

NO.3. GRANITE. (Fine, ?'ecl, homole1ulic.) 

Duluth. Fifth avenue ea;;t and Seventh street, occurs as patches and veins in No.1. 
Ref. Annual Report ix, pages 11, 12, 17. Annual Report, x, pages 41, 140. American Association for the 

Advancement of Science, vol. xxx, page 163, 1882. 

]Jleg. This is a fine grained, granitic rock of a reddish-brown color. The hand 

sample varies somewhat in shade, one side being brown and the other reddish, the 

change occulTing gradually along the centre of the specimen. The mass of the rock 

is quite fine grained, but seems to be made of reddish feldspar and a darker horn

blendic mineral in ill-defined grains, blotches, and some distinct crystals. A few 

large, but dark colored feldspar crystals two to three millimeter long are seen. These 

and the larger crystals of hornblende give the rock a sub-porphyritic appearance. 

The feldspars do not show striation. A weathered surface is lighter red and filled 

with small cavities due to the more rapid decay of the hornblende. 

Nne. In thin section the rock is seen to be sparingly porphyritic with feldspars. 

While these are quite small, the largest one in the section being less than two milli-

* Compare H. RosenblL~ch, Mikrosk. Physiog., Bd. I, Taf. II, figure 5, 1892. 
tN. H. WINCHELT,. Ninth Ann'ual Repol't, p . 11. 
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meters long, still they are much larger than the other constituents, and are almost 

completely idiomorphic. Most of these crystals show no polysynthetic twinning, 

although in two of them traces of it are visible. An attempt to get cleavage flakes 

for the measurement of the extinction angle was unsuccessful, as the crystals are 

quite small and usuaJIy considerably altered to a pale-greenish chloritic substance. 

The porphyritic feldspars are rarely reddened as is the feldspar of the groundmass. 

No porphyritic hornblende is shown in the slide. 

The groundmass is composed of feldspar, hornblende, quartz and magnetite. 

The feldspar is much altered and reddened, as is so common in the acid granular 

rocks of the Cabotian, and shows no twinning striations, and the cleavage is ill devel

oped; it i very probably orthoclase. QltClJ'tz occurs in sharply defined grain and 

also in micropegmatitic intergrowths with the feldspar. This micropegmatyte per

yades almost all the feldspars, and at times becomes almost granophyric. As to how 

much of this structure is secondary it is impossible to say. The ground mass is, how

ever, holocrystalline and is finely granitic in structure. Hornblende, of the usual 

green variety, is quite common; it occurs in allotriomorphic grains and in minute 

flakes, which have a slightly bluish tinge and are scattered throughout the rock. 

Some of the areas of hornblende appeal' partially granular and much resemble horn

blendes that are secondary after pyroxene, but in no case was any pyroxenic material 

seen nor suggested by the outlines of the hornblende areas. ];Iagnetite is quite 

abundant; it occurs in a few irregular masses two to three millimeters across and in 

numerous minute idiomorphic grains. 

One slide examined. 

Age. Cabotian. 

Remarks. The rock is a brownish red, very fine grained, sub-porphyritic, horn

blende granite. " This [N o. 3] spreads wider and is to be seen at other points back 

of Duluth, yet appears rather to be in patches, or in veins in other rock. At New

son's quarry a similar red rock penetrates the gray rock in seams, and occupies a 

larger area in the lower part of the quarry." * u. S. G. 

No. 4. DIABASE. (OoCbne, deccLyed.) 

Duluth. Near the Union station. 
R ef. Annual Report, ix, page 11; Annual Report, x, page 41. 

~Meg. This is a much decayed, light gray to flesh-colored rock of medium grain. 

Feldspar makes up more than half the rock; it is whitish to pinkish in color and 

appears like decayed orthoclase. Several larger crystals occur in the hand specimen; 

these have a greenish shade and are one-half to three-fourths of an inch across, but 

they are not sharply marked off from the rest of the rock and so do not give it a 

*N. H . WINC ITELL. NinthAlLllual R eport, p.ll. 
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porphyritic ·aspect. Areas of a soft, dark-green mineral, which seems to be chlorite, 

are common, as are also small particles of epidote. Magnetite is also present. 

illic. This rock is much decayed. The chief minerals present are feldspar, 

chlorite, epidote and magnetite. The feldspar is largely altered to a mass of minute, 

grayish, sericite-like fibres, but in many places enough of the original mineral remains 

to show that it possessed frequent twinning lamellffi. The fibrous alteration product 

is sometimes arranged in groups of fibres radiating from a point or from a line. The 

feldspar crystals are partially idiomorphic, and in the spaces between them are some 

angular areas now filled with chlorite and :fine grains of magnetite. The rock thus 

appears to have been a diabase with the augite now represented only by the chlorite 

areas. These are, however, in comparatively small amount, as the feldspar makes 

up the grl?at palt of the rock. Epidote has developed to some extent in the feldspar; 

it occurs in granular aggregates and irregular areas and is colorless to straw colored, 

the more colored parts being somewhat pleochroic. Magnetite is quite common, and 

the tock powder yields many grains to the magnet. In some places, however, what 

appears to be magnetite is probably ilmenite, as it is found partially surrounded by 

a whitish substance resembling the usual alteration product of ilmenite. 

Three sections examined. 

Age. Probably an eruptive of the Cabotian. 

R emarks. This rock appears to have been originally a rather coarse-grained 

diabase. Possibly some orthoclase feldspar may have been present, thus gi ving the 

red feldspar of the hand sample, as orthoclase is found to some extent close by in 
basic rocks (diabase or gabbro), where it is intimately associated with the acid" red 
rocks" (compare No. IB). In this case, however, it seems possible that the red color 
of the feldspar is due to staining during the process of decay, and that it was not 
originally orthoclase. " A cementing material for rounded masses of N 0.1."* u. s. G. 

No. 4A. GABBRO. (B1'eccia, 1·eclclened.) 

Duluth. Near the same point as No. lD and No. IE, east of Newson's quarry. 
R ef· Ninth Report, page 11; Tenth Report, pages 41, 99. See a lso descriptions of Nos. lD, IE, and 1799. 

JJIe,q. The specimen is much reddened, but there is no certainty of any other 
feldspar than a plagioclase, whose albite twinnings are sometimes visible. It is 
specked or spotted with red and gray, also with epidotic green, and in general is 

quite coarse. The specimen marked No. 4A is not a fair representative of the 
description made in the field, but is rather a coarse sample from the matrix which 
embraces the undecayed and rounded masses. The origin of this breccia (~) is 
pro blema tical. 

NQ section . 

.Age. Cabotian ~ 
N. IT. W. 

*N. H. WINOHET~I •. l'rinth Annual R eport, p. 11. 
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No.5. GABBRO (with o1'thoclase). 

Duluth. Near the old passenger station of the St. Paul and Duluth R. R. [The outcrop from which this 
.·ample was obtained was entirely worked out and the spot covered on the construction of the new union depot; 
but thi.· rock is not an uncommon ono at Duluth, as it is a phase of the contact phenomena and fusion of the 
sedimentary rocks with the gabbro No. 1. It is seldom soon so coarsely crystalline, however.] 

Ref. Annual Report, ix, pages 11, 12, 19, 57. Annual Report, x, pages 41, 141. Bulletin ii, page 88. 
American Association for the Ad vancement of Science, vol. xxx, page 165, 1883. 

Compare R. D. IRVING, Mon. v, U. S. Geol. Survey, page 55, 1883. 

j}Jeg. A heavy, dark-reddish rock of rather coarse grain, composed of pinkish 

feldspar, gray feldspar, pyroxene and magnetite. The rock has the appearance of a 

coarse diabase, except that half or more of the feldspar has a pinkish color, and the 

rest is gray plagioclase. Where the latter is more abundant, the pyroxene and 

magnetite are in larger quantity; there thus appear irregular areas, not sharply 

separated from each other, one of a pinkish, and the other of a darker color; yet, in· 

the areas occupied mostly by one feldspar, crystals of the other frequently occur. 

There are also some grains which are intermediate in color, and a complete gradation 

in color, from the pinkish to the gray, can be seen; moreover, in some cases, a single 

crystal will be pinkish in one part and gray elsewhere; in such cases the centre is 

usually of the latter color, while the margin is pinkish. The gray feldspar sometimes 

shows twinning striffi, but none were seen on the pinkish variety. Magnetite, in 

grains of considerable size, is q nite abundant; some of it yields readily to the ordinary 

magnet, while some does not, thus indicating that at least part of what appears to 

be magnetite is really ilmenite. In some of the areas of pinkish feldspar a few 

small grains of quartz are to be seen. 

Mic. A basal section was made from each of the feldspars . The gray feldspar 

in this section shows a cleavage trace, and the whole slide extinguishes at 4° or 5°, 

indicating either albite or labradorite (Fouque, page 148). * A single basal section 

is not sufficient to decide, since it is impossible to know from which direction it is 

examined, whether on the right or left of the obtnse angle 001 :010; in other words, 

whether it is before the observer in the" conventional position" of a triclinic crystal, 

with the obtuse angle 001 :010 at the right. In order to determine between these, a 

careful test was made with hydrofluosilicic acid, by the method of Bar'icky, the result 

being numerous large monoclinic micro-crystals of fiuo -silicate of lime, as well as 
irregnlar spreading and branching growths of the' same, many fine hexagonal micro

crystals of soda, and a few cubes of the same salt of potassium. This result precludes 
albite and indicates labradorite, in which a small portion of the soda is replaced by 
potash. Several measurements were made on sections nearly 010, for the extinction 

angle, which is uniformly high, ranging from 26° to 33°, this result indicating 
labradorite or bytownite. In one of the sections examined, is a small rectangular 
section of this feldspar, showing nearly rectangular cleavages and striations, on 

*Oompare , also: Bulle/in de let Societe Fran"aise (Ie Minel'alogie. Tome xvii, p . 428,1894. 

8 
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which extinction is 24°. In the feldspars the plane of the optic axe. is practically 

in the plane 010, and gives an interference figure indicating the optic normal within 

the field of the microscope. Comparing this with the " epure " of Michel Levy 

(Mineraux des Roches, plate VI, the optic normal (n",) is found situated between 

30~0 and 20°; practically at 24°. This again indicates labradorite with the propor

tions Ab.An
4

• All methods of examination which have been made of this feldspar, 

i. e.) the original gray feldspar of No.1,) lead to labradorite. 
The red feldspar in No. 5 was subjected to the same test. La.rge cubes of fluo

silicate of potash, some of them so rapidly formed a. to be partially opaque, mono

clinic crystals of lime and an occasional hexagonal rod of soda, pointed unmi takably 

to orthoclase in which a part of the normal potash is replaced by soda. This shows 

. a mutual interchange between these feldspars, one giving up a little soda and receiving 

potash and the other receiving soda in exchange for potash. This indicates a ten

dency on the part of the orthoclase toward the composition of anorthoclase. In 

general, the red feldspar is nearly or quite opaque, from some alteration, while in 

immediate contact are the lath-shaped la,bradorites, with evident cleavage and twin

ning bands. In the interior of the red feldspars are frequent grains of quartz. The 

labradorites were formed earlier than both the quartz and the orthoclase. Not 

infrequently a fringe or red border of orthoclase surrounds the labradorites, a kind 

of reaction rim between the previously formed labradorite and the acidic elements 

which subsequently enveloped it. Indeed, there is good reason to assume that, in 

many cases, the red color simply marks such changed labradorites. This reddened 

feldspar often constitutes a border round the clearer crystals of plagioclase, and in 

such cases the border, or colored zone, seems to be a continuous part of the clearer 

central crystal. This can be explained on the supposition that the crystal is a zonal 

one, the outer zone being less basic than the inner, and that it has consequently 

undergone the reddish alteration to which the more acid feldspar of these rocks are 

so subject. Or, on the other hand, this reddened zone may be simply a peripheral 

altered portion of a practically homogeneous crystal. Howeyer thi may be, the 

.reddened feldspar between the clearer crystals appears exactly similar to the simi

larly colored feldspar of the acid granular rock', which is known to be orthoclase 

and anorthoclase. In these areas of reddened feldspar is considerable quartz in small 

grains, and frequently these two minerals have grown together in the form of micro

pegmatyte. Such parts of the section resemble sections of the acid red rocks

granites and augite-syenytes (see Nos. 1B, 3). 

The pY1'oxenic mineral appears much as in No. 1C, but is not so evidently dial

lagic. It is much changed to chlorite and replaced by magnetite. Occasional grains 

are cut nearly perpendicular to an optic axis, a' shown by the interference figure. 

1_.'4.~ . ---- --
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It embraces the labradorites ophitically but never the orthoclases. On the contrary, 

the orthoclase surround it, in a manner somewhat similar to that in which it sur

rounds the labradorites. There is, however, an important difference. When the 

pYToxenic element is surrounded by the orthoclastic the former is uniformly and 

deeply changed, and converted into chlorite, magnetite, quartz, while the labradorites 

have usually maintained their forms and chemical integrity. The formation of the 

orthoclase and the quartz seems to have been consequent, or at least coincident, with 

the demolition of some of the pyroxene grains. In these sections there is no evidence 

of the mechanical intermixture of any of the foreign (acidic) elements from the 

clastic strata, but only of such chemical transformations as the near proximity of 

such minerals under pressure, heat and moisture may have promoted. This transfor

mation took place, of course, during the cooling period. It may not be inferred that 

the change in the pyroxenes was due to the action of these acidic transfusions, because 

similar changes, except the introduction of quartz, took place in the same mineral 

where it was not subjected to such influence. It is only allowable to infer that the 

cooling period was the date of activity of both agents of change, and that they com

bined in No.5, and added quartz and orthoclase to the usual products. 

".Magnetde is of two dates, as in No. 1C. By far the larger portion, however, is 

of secondary (cooling stage) date, and has taken the shape of the original pyroxenes 

or of a glassy residue. See figure 4. 

FIG. 4. SECONDARY MAGNE'l.'ITE FROM NO.5. 

The included grains are of clear feldspar. 

Figure 4 is a reproduction of a drawing of a part of a mass of magnetite in No. 

5, made by the use of the camera lucida. It shows the form which the magnetite 

sometimes presents. A fracture line in the section separates this from another 

portion of the same grain of magnetite, the latter showing similar outlines and 

jnclusions, though not so large as this. The included parts are bright feldspar, which 

also surrounds the whole mass, there being no augite in contact with it unless it be 

represented by chlorite scales, which are seen about the larger end. The smc1oth, 

rounded outline of the border, and the general absence of pyroxene and its residue, 

suggest that this may have taken the place of some of the uncrystallized magma, yet 

its ophitic relation to the feldspar is more like that of pyroxene. 
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Apatite appears in the midst of the red feldspar, probably not of original crys

tallization, but a result of change consequent on mineralization after the protrusion 

of the molten mass, during the cooling stage. 
Quartz is not abundant, but is in sizable grains. They are uniformly in the 

midst of the altered -portions of the other mineral, or associated with the red feldspar . 

Four sections examined. 

},{eg. Cabotian eruptives of the Taconic. 
R ema rks. This rock is thought to represent the intermingling of the basic 

(gabbro or diabase) magma with the material of the red granites ("N os. 1B and 3). 

The question of the intermingling of these two magmas will be discllssed in Part III. 

This rock has been called" orthoclase gabbro." The location of the bare knob 

from which the samples were derived was favorable for the collection of samples by 

[1,11 vi itors ani ving by railroad from St. Paul. It consequently has been described 

by several petrographers, and has been considered the type of the Duluth gabbro. 

Unfortunately Irving fell into this errol'. At the same time the" hornblende gabbro" 

of Streng and Kloos seems to be a phase of the same rock, the pyroxene element 

being replaced largely or wholly by secondary hornblende. Both phases are due to 

the transformations attendant on the long cooling time, when in contact with the 

clastics of the Animikie 01' older rock. No. 5 is the same rock a. No. 1797, and the 

same as No. 13 of the Minnesota rocks collected by Prof. A. Lacroix in 1888, preserved 

at the College de France, Paris. No. 5 is also very similar to No. 53B. N. H. W. 

No.6. DIABASE. 

Duluth. From near the bay in front of the site of the old " Clark house," cast of the Spalding hotel, now 
covered by buildings and by grading. No. 43 is probably the equivalent of this. By the lake the rock had the 
appearance of being a wide dike. but No. 43 spreads widely. more in the manner of a general massive. 

Re!. Annual R eport, ix. pages 12,18,19; Annual Report, x, pages 41, 141; Bulletin ii, page 110; American 
Association for the Advancement of Science, vol. xxx, page 165. 

Compare Nos. 8, 43 and 53. 

Meg. Medium grained, gray, homogeneous, resembling No.1e ora fine-grained 

condition of No. 1. 

Mic: The thin section is much like that of No. 1C, but with les. magnetite and 
with a little quartz. Labradorite, pyroxene (augite), magnetite are al.o easily 
di -tinguished. Apatite spicules are in the quartz . The pre. ence of quartz and a little 

coloration (reddish) of some of the feld pal' grains indicate the effect of the same 
agencie. during the process of cooling, as all'eadv mentioned in describing No. 5, 
although, in general, in the hand specimens collected, such coloration is not distin
guishable. 'rhe segregation of the quartz seems to have been. -hortly preceded by 
the formation of the apatite spicules, both as secondary products. 

One section examined. 
Age. Probably Cabotian of the Taconic. N. H . W. 



I~ 

nal Cli" 

r.otru~on 

il! in tl. 

lfelti'l~ 

t
he Oa-lt 

and; 

PanID 

are ~ 

mple,t. 

de'cri~ 

abbro. 

~abt 

elemf. 

re due' 

with 

I. and~: 

prNm 

N. H.~. 

hi' . 
U.a 

0; .\1;;" ..... 

etite an. 

,0 e.' I 

I da lin: 

be i:\~ 

g )(1. 

d· "' at J~'" 

ced~ ~I 

!i. a.lI'· 

PETROGRAPHIC GEOLOGY AND DESCRIPTIONS. 101 
Diaba&e.] 

No. GA. DIABASE (with olivine). 

Duluth. An extensivc outcrop formerly cxistcd beside the railroad. This is probably an cquivalent of 
No. 43, and a phase of No.6. 

Ref. Annual Rcport, ix, pages 12,17. 

lJleg. A dense, rather fine-grained rock, dark gray in color, having the aspect 

of an ordinary diabase . 

. Mic. The feldspa}' of the first generation is evident but in fragmentary crystals. 

Apparently the same feldspar has taken part in the second consolidation. At least 

the distinction between the first and second crystallizations is so obscure that appar

ently the same species grades from one to the other. They are decayed and much 

twinned. 

The olivine is changed to an almost isotropic substance, with a light green tinge; 

along the cleavages of the original olivine much magnetite is gathered. 

Angite, much altered, is greeni. h, but shows its ophitic relations. 

Qua·}'tz is parse, likewise ]JYl'ite. klaynetite is not abundant. 

Two sections examined. 

Age. Probably Cabotian of the Taconic. 

No. GB. DIABASE. 

N. H. W. 

Duluth. In immediate contact with No.6A. Undistinguishable from No. 6A, of which it is probably a 
portion, but more plainly porphyritic, in thin section, with feldspar. 

Ref. Annual Report, ix, pagc 12. 

One section examined. 

Age. Probably of the surface Cabotian eruptives. N. H. W. 

No. GO. DIABASE. (8potteclwith nel, an(l p01phY1·itic.) 

Duluth. Foot of Lake street. Essentially the same rock as 10 . . 6A and 6B. It is, however, spotted with 
irregular smal l arcas wbich apparently consist largely of orthoclase and pyrite. The red color faintly pervades 
the entire. pecimcn. Microchemical tcst for potassium made on thc red substance gavc large cubes of fluosili. 
eate of potassium; also, many crystal:; indicating limc and soda. The whole rock is finely porphyritic with a 
plagioclase. The red spottedness should not be m.istaken for an amygdaloidal structure. The red areas are of 
another rock and are foreign inclusions in the basic eruptive. 

Ref. Annual Report, ix, pages 12, 18. 

Age. Probably Cabotian. N. H. W . 

No.7. DIABASE (?) 

Duluth. Betwcen Second and Third a,enue;;, close to the water. Underlies immediately 10 . 7A. Dip, 
E.18°. 

Com.pare No. 42. 
Ref· Annual Report, ix, pages 12,18; Annual Report, xiii, pages 100,102; Annual Report, x, pages 63,109, 

140; Bullctin viii, pages xxx, xxxiii ; Amcrican Association for the Advancement of Science, vol. xxx, page 163. 

Meg. A dull, brownish, compact rock of fine grain. Composed of small crystals 

of reddish feldspar in a darker, very fine-grained groundmass. A very few porphy

ritic red feldspars are present; these are not more than five millimeters in length. 

One of them is a simple twin. There are two cavities in the specimen which are 
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now filled by quartz, with sometimes a little epidote along the edges; possibly these 

represent amygdaloidal cavities. 
:J1ic. The section shows small, crowded, lath-shaped feldspars in a rather sparse 

groundmass of alteration products. The feldspar is much altered and reddened; 

many of the crystals show traces of twinning strire. Theil' exact nature cannot be 

determined, but from the analysis of the whole rock given below, it is probable that 

this mineral would fall in the labradorite series. These feldspars are from .25 to .75 

millimeters in length. The section contains none of the rare porphyritic crystals. 

The groundmass is clearly secondary and is a confused aggregate of quartz, magne

tite, chlorite, calcite and muscovite. What the original nature of this ground mass 

was is uncertain. It may have been principally augite (and the rock is a fine-grained 

diabase), or possibly the finely crystalline groundmass of a porphyryte, 01' even glassy 

material. Apatite needles are rather common. There is no indication of what the 

original ferro-magnesian mineral of the rock was, and there are no areas now filled 

with alteration pr~ducts, which might represent porphyritic crystals of pyroxene 01' 

hornblende. 

Chemical analysis::· The following analysi. of this rock was made by Prof. C. F. Sidener and was pub-
lished in the Thirteenth Annual Report, page 100 (chemical seri es 14.9), and in Bulletin viii, page xxxii i: 

SiO . 53.71 
AI.O . 14.96 
F e,O. 14.45 
F eO 3.65 
CaO 3.35 
M~ ~ 
R 2 0 0.56 
Na.O 1.40 
H 2 0 1.60 

98.27 

From the data now available this rock can be regarded as most probably an 
altered fine-grained diabase. 

Age. Probably Cabotian. u. s. G. 

Remcwlcs. This rock has to be removed from the category of the" red rocks " 

with which it has been classed in an earlier description.t Its color and the presence 

of quartz were the characters that led to that classification, but its crystalline feld

spars, which seem to prove original complete fusion, and its rather low percentage 

of silica, seem to preclude its origination from the acid source which gave rise to the 

most of those rocks. If, however, the red rocks as a group are referable to the fusion 

of clastic r0cks it is necessary to admit that various degrees of acidity and different 

stages of crystallization must have been the result. The rock is massive, dense and 

clean, and has the appearance outwardly of having preserved its characters as well 

as most of the massive rocks of the region. Hence it is allowable, still, to suggest 
* Ninth Annual R epo,·t, p. 12, 1881. 

t American A ssociationJo,' the Advancement oj SCience, vol. LXX, p . l63, 1882. 

Ir 
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that this may be one of the varied results of the action of the basic eruptives on the 

yaried natme of the clastics with which they came into contact; although it is more 

likely to have originated from a quickly cooled basic magma which at first took the 

character largely of zirkelyte, a name applied by Wadsworth to a microlite-charged 

ba ic glass in such conditions, afterwards partially or wholly devitrified. (Bulletin 

ii, Minnesota Survey, page 30.) N. H. W. 

No. 7A. AMYGDALOID. 

Duluth. Apparently overlies No.7 . 
Ref. Annual Report, ix, pages 12, 17. 

1.Ieg. N early black, amygdaloidal, at least with cavities nearly or wholly filled 

with segregated minerals. The most conspicuous of these econdal'y minerals is 

yellowish green, resembling epidote; another is dal'k green, and appears in the form of 

radiated coatings, and resembles delessite. Pyrite also is sparse. The structure is 

very fine, but somewhat irregular and globular. 
1.1ic. This rock is like the last in its essential characters. In some places the 

section appears reddi h, by reason of the abundance of the red feld pars. In others 

it is porphyritic with fine feldspathic micl'olites. But the whole rock is much decayed, 

and is seamed by ilTegular transparent veins and threads, which consist largely 

of qUCi1·tZ. 

One section examined .. 

Age. Probably of the Cabotian eruptives of the Taconic. N. H . W. 

No. 7B. TUFF (?) 

Duluth. 'I.'bis rock is wrought, or was in 1878, in the alley between Fir:;t and Superior streets, and Fourth 

and Fifth avenues cast. 
R ef. Annual Report, ix, page 12. 

Meg. This rock is brownish, but spotted with greenish amygdules and with 

inclusions of some foreign rock. This foreign rock is of a dun color, rather compact but 

appears itself like a fragmental rock. On weathered surface' it is pitted from the 

oxidation of pyrite. These foreign pieces vary from the size of a pea, or perhaps a 

pinhead, to about two inches in diameter, which is about the size of a mass attached 

to the museum sample preserved. They are scattered heterogeneously in the 

arnygdaloidal portion of the rock. 
illic. A section of the matrix which embraces the foreign pieces shows a much 

decayed condition. There are reddish j'eldspa1's which come from the first epoch of 

consolidation, some of them plainly twinned polysynthetically. They are charged 

with alteration products, such as epidote, pennine, pY1'ite, hematite (?) magnetite, and 

apparently zi1'con, although these minerals are not always alTanged so as to prove 

they are included in areas formerly occupied by feldspars. They, indeed, fill up the 
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space not plainly embraced within the feldspars. There IS no remaining evidence 

of the nature of the other original minerals. 
A better section, made by Marchand, shows distinctly a tuffaceous naturft.. 

There is a portion of the microlitic magma, composed of spicules of plagioclase 

surrounded by devit.rified glass, now greenish, and a portion made up of a minutely 

fragmental rock, which, between crossed nicols, is nearly dark, but plainly contains 

numerous angular qual'tzes. In the former are large translucent areas which are 

contrasted with the dark surrounding rock, and in these areas is seen much of a 

finely granular gray mineral, having high refraction and also high double refraction, 

which probably is epidote. This mineral is associated with much quartz in these 

areas, and also is disseminated throughout the restof the rock in more minute particles. 

Two sections. 

Age. Cabotian. 

RemCl1·k. This marks the first discovery of tuffaceous rock in the senes that 

has been called Cupriferous, in the lake Superior region. It appears by the following 

descriptions that volcanic tuff is not an uncommon substance in the region of 

Duluth, and at points further east. N. H. W. 

'1'he following criteria for the recognition of ancient volcanic rocks have been 

given by Dr. George H. Wmiams (Journal of Geology, ii, page 10): 

Cl'iteria fOl' the recognition of ancient volcanic rocks. 

It is a self-evident proposition that the identification of certain rocks as volcanic products i. in no way 
dependent upon their pre. ent association with a recognizable crater or volcanic mountain. By volcanic rocks 
we understand igneous or pyroclastic material which has solidified or been deposited at or very near the earth's 
surface. It is of little moment whether or not it was evcr piled into conical mountains. That the rocks them
selves bear witnes. to their origin and conditions of formation is sufficient. The successi ve effects of erosion on 
the easily removed volcanic mountains has often been so graphically described* that no further reference to the 
subject is here necessary. If the Eocene or Triassic volcanoes have so disappeared as to leave only traces of 
their original forms, what may we expect of those of Paleozoic or Archean times? 

On the other hand, the association in dissected volcanic regions of the effusive rocks with correspondingly 
aby .. sal types naturally suggests that volcanoes may have once surmonnted many areas of coarsely granular 
ancient igneous rocks. As this, however, cannot be proved, only such regions are here comiidered as yield 
rocks of unmistakably surface origin. 

Again, ancient volcanic rocks may have been subjected to metamorphosing processes severe enough 
to have destroyed most of their original characters. In such cases, patient study and a carefu l weighing of all 
evidence is necessary to decide their origin, and even that may not avai l. Igneous rocks may be so altered as 
to be indistinguishable from metamorphosed sediments, but in many cases where this at fir,.;t appears to be the 
fact, some decisive clue may be discovered. 

In establishing the volcanic nature of rocks occurring in ancient and more or less crystalline terrane .. , 
attention must be given to several different sets of character,.;. The field relations must be carefully studied and 
the material collected on the spot and afterward studied in the laboratory. The criteria for deciding on 
their igneous and volcanic origin may be arranged as follows: 

I. If the rocks are igneous, whether abyssal or surface, they will: 
1. Conform in chemical composition to certain well establ ished type ... 
2. Show an association of petrographical types which, both chemically and mineralogically, follow the 

laws of consanguinity. 
II. If they are volcanic : 

1. They may be found in the field to occur in distinct sheets, flows or necks. 
2. They will have produced little or no contact action in the adjoining rocks. 

~ See DE LA BEORE: Geological Obse,·ve1'. pp. 526-537, 1851. M. NJlJUMAYJlJR: Erdgeschichte vol j pp 202-204 1887 W. M. 
DAVIS: "The Lost Volcanoes of OOllllocticut." POl'ula,' Science ilIonthly, December, 1891. ,.,. ,. 
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3. They may include irregular fragments of other rocks. 
III. If they are volcanic: 

1. They may appear to be striped, bandcd, or pseudo-"stratified" conformably to adjoining sedimentary 
deposits. 

2. They will probably be accompanied by fragmcntal (pyroclastic) material, which mayor may not 
it.self be really stratified. Such material will vary greatly in coarseness, containing bombs, agglomerates, 
brecciae, tuffs, sands aRd ashes. The characteristics of these are: (1) Indiscriminate mixture of all sizes and 
shapes of fragments; (2) Material of same kind as theigncous rocks; (3) Cement, either finer fragmental material 
(tuff-breccia) or lava (flow-breccia); (4) Very angular shape of .. mallest fragments (microscopic glass shreds); 
(5) If ancient volcanoes were on the hore line, such material may have been immediately worked over by water 
and interbedded with more or less normal aqueous sediments. 

IV. Most important of all, however, is the identification of those characteristic structures known to 
originate only in glassy, half-glassy, or very fine grained porphyritic rocks, solidifying at the surface, or in very 
narrow dikes where solidification has been rapid. These will be found to be very persistent and can usually be 
identified under the microscopc in spite of devitrification, alteration or even a considerable degree of dynamo
metamorphism. The most common of these structures are: 

1. A vesicular, scoriaceolls, pumiceous or amygdaloidal structure. 
2. A sharply defined , small porphyritic structure with aglassy, half-glassy or felsitic(cryptocrystalline} base. 
3. A spherulitic -trllcture, due to either large or small lithophysae, hollow .. pherulites, or compact

spheruli tes, arranged either irregularly, or in more or less discontinuous bands or layers. 
4. A flow structure, produced either by the elongation of vesicles or the parallel arrangement of constitu

ents or crystallites. It may also be produced by the interlacing of different colored magmas (eutaxitic structure). 
5. Corroded phenocrysts, quartz, with embayments, or skeleton crystals due to·rapid or imperfect growth. 
6. Microscopic spherulites, globulites, trichites, crystallites, real or devitrified glass inclusions, quartz 

with orientated siliceous aureoles, axiolites, etc. 
7. Perlitic structure, wholly or partly devitrified. 

Although some of these structures may occasionally occur in· ·dikes or other igneous rocks which have 
rapidly solidified beneath the surface they are nevertheless so essentially characteristic of effusive lavas, that, 
in lack of any evidence to the contrary, they may be regarded as fairly safe guides in establishng the effusive nature 
of rocks. This evidence is beyond doubt, if such rocks are accompanied, as they generally are, by ash material. 

While a single one of thcse characteristics may not be sufficient to identify a volcanic occurrence, many, if 
not all of them, will be found to occur together, and only in rare instances will it be found that some of them, 
at least, have not survived the vici situdes of metamorphism. 

No. 70. DIABASE (with olivine). 

Duluth. From a dike in contact with No. 7A, equivalent to No. 47, roughly in line of bearing with No.6. 
Compare No. 47. 
Ref. Annual Report, ix, pages 12, 18, 19. 

},leg. A dark gray diabasic rock of medium grain, ophitic, considerably decayed, 

and with the feldspars about the only mineral that is fresh. 

},fic. The structure is distinctly ophitic, and the constituents are plagioclase, 

augite, magnetite and alteration products. The plagioclase is rather fresh. A series 

of ten sections of the feldspar measured for greatest equal angle of extinction on 

opposite sides of the twinning line, gave 29io and 30°. According to the" epures" of 

Michel Levy, this might indicate either a labmdo1'ite (Ab 3 An 4 ) neal' bytownite, or 

anorthite. Since, however, an optic axis is also found to pierce the section just 

outside the area of the microscopic field, the feldspar is certainly neal' labrador

bytownite. In another section of the same fehlspar the bisectrix (np) appears in 

the centre of the field, with distinct black cross and shifting hyperbolas. This grain, 

however, being encroached on all sides by surrounding grains, no crystallographic . . 

character was afforded for measuring the angle of the axial plane, except on an 

imperfect cleavage trace. This gave an extinction angle of 59io to 60°, which also 

indicates, so far as it is of value, a labradorite, or labrador-bytownite. 
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It is evident by the partial darkening of the lamellce that this rock has been 

subjected to strain and slight distortion. The feldspar in this dike was earlier to 

solidify than the pyroxene. 
The PYl'o.rene is, in general, much decayed by the formation of the usual greenish 

chloritic substance, but ome of it is entirely free from it. When thus al~el'ed the 

pyroxene is accompanied by the usual appearance of magnetite, which presents a 

hackly metallic surface in reflected light, and is easily identifiable on turning away 

the mirror below the stage. There are many areas in the section that were once very 

probably occupied by olivine, though none of this mineral is now present. These 

areas are filled largely by sepentine (?), and the peculiar net-like structure, so common 

in altered oli vines, is well shown. Frequently the dark threads of the net-work 

have on either side a narrow strip of a rather brightly polarizing mineral. This 

shows a cleavage running at right angles to the thread, and is distinctly pleochroic, 

the ray vibrating parallel to the cleavage being greenish, and that at right angles to 

it straw yellow. The extinction is nearly parallel. A similar mineral is found in 

small areas elsewhere in the altered olivines; it is probably hornblende. 

One section examined. 
Age. Perhaps Manitou. It is also possible that this is a dike of Cabotian age, 

which supplied the magma of the supposed sill Nos. 44/,41 and 43. 

No. 7BC. PORPHYRYTE. 

Duluth. Oontact rock between Nos. 7B and 70. 
Ref. Annual Report, ix, page 12. 

N. H. WAND U. s. G. 

Meg. A dark gray to purplish, porphyritic rock. The ground mas is very fine

grained, and its components cannot be determined macroscopically. The porphyritic 

crystals are feldspars of all sizes up to ten millimeters in length; these are scattered 

regularly and plentifully throughout the rock. They are light gray to reddish in 

color, being the latter color more especially where exposed the most to weathering. 

A little pyrite is visible. 

]'1ic. The most noticeable feature of the section is the presence of numerous 

sharply defined, large plctgiocl ase phenocrysts. These are frequently abundantly 

twinned. Small areas of chlorite and of epidote are not uncommon in these feldspars . 

The porphyritic crystals are imbedded in a ground mass of very fine grain, conspic

uous in which are numerous lath-shaped feld 'pars two- to three-tenths millimeter in 

length. Besides these the groundmass is composed of a rather confused aggregate of 

magnet-ite, green hO?'nblende, chlorite, epidote, minute apatite needles and a weakly polar

izing interstitial substance that may be feldspar or quartz. The chlorite and epidote 

are secondary, as are also probably the hornblende and part of the magnetite. It i 
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possible, however, that the hornblende is original, and that, with the exception of 

the epidote and chlorite, the ground mass is now not much altered from the condition 

in which it solidified; in such case the rock might be called a dioryte porphyryte, 

and it is similar to some of the rocks described by Iddings, from the Yellowstone 

National park.* It, however, seems more probable that the groundmass is consid

erably altered from its original condition, which might have been an aggregate of 

lath-shaped plagioclase (still remaining) and augite, making the rock a diabase 

porphyryte, to which species it is here provisio~ally referred. U . S. G. 

Age. Perhaps Cabotian. 

Remad;. This rock seems to be from a series of very old eruptives, which at 

Duluth and elsewhere are cut by a series of later dikes, and are associated with the 

red rock series. N. H. W. 

No. 7D. DIABASE . 

Duluth. From a dike near the lake running toward Minnesota point, and apparently extending under 
the point. 

Ref. Annual Report, ix, page 12. 

lJleg. A nne-grained, dark greenish ophitic diabase. 

Mic. The j eldspCl1' preceded the pYToxenic element in date of crystallization. 

It is uniformly lath-shaped, with more or less tapering extremities, and is less affected 

by later alteration than the pyroxenes. It composes about three-fourths of the 

entire rock. 

The PY1"oxene is almost entirely altered to a greenish chloritic mineral, with 

simultaneous generation of much magnetite, there being only a few remnants which 

yet polarize distinctly. The alteration product, aside from the magnetite, consists 

of a confused mesh of chloritic shreds that overlap each other and give a character

istic felted polarization between crossed nicols. So far as can be seen, the magnetite 

is entirely of secondary date, taking position in the interstices of the original 

pyroxenes, and occasionally developing also their forms. The relation of the 

pyroxene to the earlier feldspar, areally, is that of a mosaic, rather than of ophitic 

structure. The forms of these minerals are not perfected, the feldspar because of 

the interference of many cotemporary growths, resulting in a crowded crystalline 

mass, the latter because of the later generation which allowed them only the 

interstices between the feldspars for a field in which to develop. 

The magnetite and chlorite very probably originated during the cooling stage 

of the rock (see Part III). 

Age. Perhaps Manitou. N. H. W. 

* 7'weljth Annual R ep o,·t U . S. Geol. S tt"vey, Pl' . 561}-66J, 1891. 
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No. S. PORPHYRYTE. ( Amygclaloiclal.) 

Duluth. Separated near the wall of contact of No. G. 
R ef. Annual Report, ix, pages 12, 13. Annual Report, x, page 140. American Association for the 

Advancement of Science, vol. xxx, page 164. 

lJle.g. Dense, dark colored, ,.vith indistinct small porphyritic feldspars, and in 

some places amygdaloidal cavities filled apparently with chlorite, or chlorite 

and quartz. 

lJlic. The prevailing mineral is a lath-shapedfelclspar of a brownish red color, 

apparently one of the first of the minerals to solidify. 

Py)'oxenic element is not discoverable, as such, but its former presence is 

indicated by chlorite, and by magnetite. The latter is in numerous cubic and 

irregular forms, which are seen within tbe fine quartzes distributed in the body of 

the section. 

The amygdaloidal spaces are occupied sometimes bv chloritic substance. and 

sometimes by quartz, and often by both in more or less zonal arrangement. 

Pyrite is occasionally seen in the borders of tbe amygdules. 

Age. Probably Cabotian. 

One section examined. N. H. w. 

Remarks. Another form, also numbered 8, is much less amygdaloidal, and more 

porphyritic. It is very fine grained, compact and varies in color from dull black to 

dark brown. N one of the constituents of the mass of the rock can be distinguished. 

Where the color is black the rock i . homogeneous, but as the color becomes brownish 

numerous rather indistinct small dark blotches are seen. A few irregular areas of 

reddish feldspar occur; one of these is three-eighths of au inch across. There are also 

a few larger areas where the rock is colored reddish; in the ceutre of these areas is 

often a yellowish substance, probably epidote. One of these areas, or large blotcbe " 

is seen to have a centre of yellow material, out ide of which is a distinct nal'l'OW lJlack 

band; and beyond this is a red band, which passes into tbe general color of tbe rock. 

The black portion of the hand specimen closely resembles, macroscopically, some of 
the black flinty slates of the Animikie. 

Still other forms of this rock are sparsely porphyritic with a feldspar which has 
a tendency to become red. Compare Part III. u. s. G. 

No. SA. TUFF. (InclUSion in No. 8.) 

Ref. Annual Report, ix, page 12. Annual Report, x, page 140. American Association for the Advance
ment of Science, vol. xxx, page 163. American Geologist, vol. xviii, pagel:! 211-213. 

This is similar in all re pects to the fine rock seen in No. 7B, a. foreign 

inclusions. It is nearly totally dark between nicols, but shows numerous fine angular 

quartz grains. With one nicol and the condenser lowered, a varied structure comes 

out to view. It is difficult to describe it. The glassy grains, charged with incluFlions
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are sometimes brown and sometimes light green . Some ep idote i, distinguishable by 

its high refractive power; and large areas are separable from the rest by reason of 

a greater darkness, or by a curly, minute, somewhat crescentic structure which 

embraces the translucent and greenish grains, the crescentic aI'eas themselves 

being most translucent. 

One section examined. 

Age. Cabotian. N. H. W . 

No. 8B. TUFF (?) 

Duluth. At the lake shore near the base of Minne. 'ota point (the spot is now hid by the growth of the city). 
R ef. Annual Report, ix, pages 12, 13. Annual Report, x, page 140. American Association for the 

Advancement of Scienco, vol. xxx, page 164 . 

. 1Jleg. This is a light colored rock with disseminated red feldspar crystals, 

ha-ving the aspect of a porphYl'Y- A light greenish yellow mineral, probably epidote, 
more or less pervades the rock, this being the principal cause of the light colored 

aspect. The rock effervesces freely with dilute hydrochloric acid. The fe ldspar 

crystals are polysynthetically twinned, and the I'ock has in pJaces a roughly amygdal

oidal structure. This structure, however, is not sufficiently prevalent and character

istic to indicate that the rock en masse was ever in the form of a surface flow. The 

matrix of the feldspar crystals is confused and made up of various minerals that 

result frequently from the alteration of the minerals of original basic rocks. 

M1·C. The rock is much altered. The felcls]Jct1 , is charged with ferruginous 

impurities. A series of ten statistical measurements of the extinction angle on 

opposite sides of the twinning line gave the following figures: 9°, 9°; 19°,4°; 9°, . 
19o; 10°, So; 11~0, 6°; 18°,5°; 5°,15°; 10°, 1 0; 10, 18°; 8-~0, 20°. 

If the first measurement (9°, 9°) be taken as the maximum equal extinction, 

according to the spherical projections of Michel Levy (Det. des Feldspaths, plate 1) 

the feldspar is albite, but owing to its greatly decayed condition this result is not 

beyond doubt, while the effervescence, indicating calcite, seems to require the 

presence of a ready source for considerable lime. 

No pY1'oxene element can be detected, nor indication of its earlier existence. 

The angular spaces which are sometimes sUlTounded by the feldspars may have been 

occupied originally by a pyroxene which has now been changed, but at the same time 

there may have been a variety of minerals so included between the feldspars, or even 

tufa pulp, or a glass, the time elapsed having been sufficient to change either of 

these into the matrix that now exists. 

Quartz is common, but not as a pegmatitic intergrowth in the feldspar. It is 

sometimes in angular grains, isolated and irregular, and it sometimes embraces 

portions of ~he sUl'rounc1ing chlorite and other minerals. It is also in nests resulting 

from secretion from the rock, and then presents a multiple or aggregate polarization. 

c 
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ChlO?'ite is abundant and sometimes its color between the nicols is blue, , 
indicating pennine. It constitutes independent angular masses, as if it had resulted 

from alteration of some allotriomorphic mineral. In small flakes it is distributed 

generally throughout the rock. 

'.Magnetite occurs in the same manner as the chlorite and is equally abundant. 

There may be other minerals in this rock, besides calcite, but the section made 

is not favorable for their determination. 

One section examined. 

Age. Cabotian. 

Remark. When collected this rock was supposed to have resulted from 

metamorphism of clastic material, through the action of eruptive rock in the vicinity. 

But the feldspar proves to be twinned, like a plagioclase, and the structure suggests 

that the feldspars may have once been embraced by crystals of augite or by zirkelyte. 

While resulting in part apparently from cooling from fusion, and subsequent 

alteration, this rock, as a whole, may still have been composed of fragmental volcanic 

debris, or it may have ;'esulted from fusion of the clastics at the point of contact of 

the rocks of the gabbro series, since the ophitic structure is not unquestionable. 

N. H. W. 
No. 8e. DIABASE. ( Fine. ) 

Duluth. From a dike in No.8. 
R ef. Annual Report, ix, page 13. Annual Report, x, page 140. American Association for the Advance

ment of Science, vol. xxx, page 164. 

Age. A very fine grained, compact, black to brownish, diabasic rock. 

.Meg. The rock is composed of minute lath-shaped feldspars in a more or less 

confused groundmass, which is largely stained to a brownish color. Aside from the 

feldspars the rock is made up quite largely of magnetite, which occurs in very 

minute grains, in irregular and often ill defined areas, and in needle-like forms. The 

rest of the groundmass is quite fine grained and seems to contain chlorite, calcite 

and probably some little quartz and muscovite. rrhe ground mass appears to be all 

secondary, except possibly some of the magnetite, but what its original nature was 

is uncertain. The rock is here called provisionally a diabase, but it may have been 

a basalt, 1'. e., its groundmass may have been of the nature of zirkelite. 

One section examined. 

Age. Probably a Manitou eruptive. u. ' G. 

No.9. PORPHYRYTE. (AmygdaloicZal.) 

Duluth. Not far from the base of Minnesota point. 
Ref. Annual Report, ix, page 13. 

Meg. The rock is dark brown in color, presenting a dark aphanitic ground

mass in which are reddish brown porphyritic crystals of striated feldspar and 
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amygdules. These amygdules are filled with a yellow mineral ppiclote and a dark 

mineral chlO1·ite. Some of the amygdules contain only one of these minerals, while 

others contain both. In the latter case the epidote forms a narrow rim around the 

outside of the cavity, and within this is usually chlorite, 01' .ometimes chlorite and 

epidote. At times inside of the rim of epidote is another thin layer of chlorite, and 

inside of this a mass of epidote. 
l.fic. 'Under the microscope the rock is seen to be decidedly altered. The 

porphy ntic feldspars, 011 account of their changed condition and the general reddened 

appearance of the whole section, are sometimes not sharply separated from the 

groundmass of the rock, when viewed in ordinary light; but in polarized light, they 

are distinct. They are plagioclase, but their exact place in the series was not 

determined. The phenocrysts are replaced more 01' less completely by epidote, and 

this epidotization of the feldspars is a marked feature of the . ection. 

The amygdu,les, a. stated above, are filled with epidote and chlorite. The former 

is in a finely granular condition, while the epidote of the feldspar phenocrysts is in 

crystalliue grains of some size. The chlorite of the amygdules is more characteristic 

than the chlorite of many of the rocks here described in its marked pleochroism and 

in the fact that it furnishes a beautiful example of the dark blue interference colors 

of this mineral. 
The g1'o~~ndmass of the rock is composed chiefly of minute lath-shaped plagio

clases. These are closely matted together and fill up nearly the whole section. The 

little space in the groundmass not occupied by these fel-dspars is filled with a 

confu. ed, fine grained mass of chlorite, epidote, magnetite and apparently a little 

qnartz. J n fact, these minerals are scattered throughout the section, and are clearly 

secondary. The original nature of the gronndmass aside from the feldsljar is 

unce:i'tain. The rock is provisionally called a diabase porphyryte, although it is not 

im'.Jrobable that it was more in the nature of a trachyte. 

Two sections. Only one, however, was examined, as the other is an inferior 

section, and there is some donbt about its being correctly labeled. 

Age. Probably a Cabotian eruptive. u. s. G. 

No. 10. PORPHYRYTE. (AmygdaZo idaZ.) 

Duluth. Overlies No. 11. 
R ef. Annual Report, ix, page 13. 

l.leq. This rock closely resembles No.9, except that its color is reddish. It has 

the same porphyritic feldspars and amygdules filled with epidote and chlorite. The 

epidote, however, is much more abundant than the chlorite. 

No section. 

Age. Cabotian eruptive. u. s. G. 

• 
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No. 11. PORPHYRYTE. (Diabase.) 

Duluth. East of the elevator; extends along the shore about 800 feet. 
Ref. Annual Report, ix, page 13. 

[Porphyryte . Calcite and epidote. 

Jyleg. The groundmass of the rock is dark brown to black in color, is aphanitic, 

and is thickly strewn with reddish porphyritic feldspars. Blotches of epidote are 

scattered through the rock, and there are spots of epidote and chlorite which perhaps 

repre ent amygdul~s, although it seems most probable that there are no true amyg

dules and that the rock is one of the pseud-amygdaloids described by Pumpelly and 

Irving. 
}.{ic. The most prominent feature of the section is the sharply defined plagio-

clase phenocrysts. They have been more or less altel'ed to a micaceous mineral, and 

sometimes to epidote. The groundmass is composed of small interlacing plagioclase 

laths, much 1nagnetite, with hornblende, chlorite, epidote a~d perhaps a little quaTtz. 

With the exception of the feldspar, and possibly some of the magnetite, all these 

minerals are secondary. The hornblende is in small grains, usually fibrous, and occurs 

in the interstices between the feldspars. It evidently is an alteration product from 

augite, and in places part of the original augite is questionably present. Small apatite 

needles are rather common. 

One section examined. 

Age. Cabotian. 

U. S. G. 

Hema1·ks. This rock is very similar to Nos. 7BC and 9. While none of these 

certainly show augite in the groundmass, there still seems good reason to assume that 

it was there originally, and so the rocks are called diabase porphyrytes. 

" o. 11 is mainly a massive, homogeneous rock, but in some places finely jointed, 

so that under the weather it parts into numerous angular blocks. In it are veins 

(near its eastern extension) that seem to cause a greater abundance of the red 

feldspar crystals in the mass of rock adjoining on either side; '" * ","t u. s. G. 

No. llA. CALCITE AND EPIDOTE. 

Duluth. From a vein in No. II. 
Ref. Annual Report, ix, page 13. 

Meg. The calcite and epidote are arranged in rough bands, from one-eighth to 

one-half inch wide. Some reddish material is mixed with the epidote. 

No section. 
• 

Age. In the Cabotian porphyryte. U. S. G. 

No. llE. GEODE. 

Duluth. From No. 11, which extends about 800 feet along the shore. Some geodes are several feet in 
diameter, and are rather layers than geodes. 

Ref. Annual Report, ix, page 13. 

t Ninth Annual Repo,·t, p . 18. 

• 
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Meg. The minerals in the specimen are promiscuously ananged, and seem to 

have been deposited secondarily in a porous rock, much of which has been changed 

into these minerals. The rock is spotted coarsely with white (calcite and quartz), 

green and yellow (chlorite, epidote) and red (which is perhaps ol'thoclastic). There 

are also considerable areas of a gray or dun-colored aphanitic rock, not so durable as 

the red mineral. 

lJ1ic. The foregoing named minerals all appeal' in the slide. The red mineral 

appears in the prepared slide as an inegularly disseminated reddish powder, scattered 

sometimes abundantly, but without crystalline form. Some of its crystalline grains, 

taken from other parts of the specimen, subjected to hydrofiuosilicic acid, give 

crystallites of potassium fluosilicate, large and abundant, with some of lime, but 

none evident of soda, thus proving the o)·thoclastic character of the feldspar. 

In another part of the slide a portion of the original rock is seen. It is finely 

sprinkled with slender microlites of ajeldspa1' that is lath-shaped, but tapering at 

the extremities. In immediate connection with this are also a number of large 

apatites, showing their characteristic transverse fissuring. The great thickness of 

the section is shown by the fact that these apatites gave colors of double refraction, 

viz.: yellow and red. The slide must therefore have a thickness of about .08 

millimeters, according to the scale of Newton's colors, given by Levy and Lacroix. * 
One section examined. 

No. 12. PORPHYRY'l'E. (Amygdaloidal.) 

Duluth. Extending forty-nine paces along the lake shore, east of No. 11. 
R ef. Annual Report, ix, page 13. 

N. H. W. 

Meg. A brown amygdaloid, containing numerous porphyritic plagioclases. The 

amygdules are filled with epidote, chlorite and quartz. 

Mic. Essentially the same as Nos. 7BC, 9 and 11, except in two particulars. 

First, the feldspars are in part replaced by chlorite, and second, the lath-shaped 

plagioclases of the groundmass are fewer in number. 

One section examined. 

Age. Cabotian. 

No. 12A. QUARTZ. (Nochde.) 

Duluth. A large nodule from No. 12. 
R ef. Annual R eport, ix, page 13. 

U. S. G. 

lJleg. The quartz is white and grayish, having a fibrous structure that radiates 

from a centre, but a coarse banding somewhat agate-like, but without coloration. Its 

radiated and banded structure shows the continued growth of crystals from a common 

point, with some variations in the environment. The ~entral nucleus of the mass, 

* Minh'aux des Roches (plate). 

9 
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or of the masses, since there are several nuclei, is sometimes seen to be a knot of 

finely granular or cherty quartz. 'The elongated fibres are quartzine, being positive. 
N. H. W. 

No. 13. ApORHYOLYTE. 

Duluth. Near midway between Minnesota point and Ohester creek, at the lake shore.+:' Extends fifty

four paces. 
Ref. Annual Report, ix, pagcs 13,14. 

},[eg. A fine grained brownish rock, in which the only identifiable mineral is a 

minute lath-shaped plagioclase whose cleavage affords a reflecting surface visible 

under the loop. The rock breaks with a conchoidal fracture, and outwardly, in the 

field, it weathers into a laminated or slaty structure which dips east 15°. In other 

places it is a lumpy amygdaloid with epidotic spots and veinings. A li.ttle pyrite 

also is visible in the mass of the rock. 
l1fic. The lath-shapedfeldspa1's are usually gray, but some of them are reddened 

by iron. In reflected light fine metallic particles are visible, both of magnetite and 

of pY1"ite. If the rock ever contained pyroxene, it is wholly changed, for the matrix 

of the feldspars consists of a fine mass of chlon'te, magnetite, qua1"tz and apparently of 

a little calcite. 

One section examined. 

A,qe. Cabotian. 
Remarks. This seems to be one of a series of rocks, of which several have 

already been described, viz.: the porphyrytes and diabase porphyrytes, Nos. 7BC, 8, 

9,10. No. 13A is also similar. They may all be considered Cabotian lavas that fol-

lowed soon after the Beaver Bay diabase. 

No, 13A. DIABASE PORPHYRYTE (?) 

Duluth. Overlies Io.13, being apparently a layer of No. 13. 
Ref. Annual Report, ix, pages 13,14. 

N. H. W. 

Meg. Slightly amygdaloidal and porphyritic, having a brown color and close 

texture. Except in its disseminated red feldspars, which appear more on one side 

of the specimen than on the other, this rock is like No. 13. 

Mic. The feldspa),s are fine and tubular, triated, much decayed. The inter

vening groundmass consists of quw-t:z, calcitp, ppnnille, magnetite, and an isotropic 

substance whose nature is unknown. Epidote is not abundant, but occurs sparingly, 

One section examined. 

Age. Cabotian. 

• The lake shore east from Minnesota point was forme '1 . 1 1 d I 
were collected when the alt rnatiol1s could casily be noted ~y ., o~h< )O~'\cU t was examined carefully , and these specimens 
havc effectually hid all these outcrops. It can only be saici th '~'~~ e; ~l ngs have been er ected, which, wit.h str ee t grading, 
Ch ester) creek, the descriptions apply to rocks Occnl'ri' b t a 10~. o. ID up to No. 38. from t.he mouth of Kinichigaquag (now 
of Duluth. There will probably nevol' be an 0) ort:'~t e wcen . lIlnesota pOlllt."nd that c l'cek, all situ:ltccl within the lbnits 
"porphyry-like melaphyr" mcntioned by Mr. Kldts. y to verlfy the sueces lOn. In general these lltunbers r epresent the 
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Rema1·lcs. In the hand specimen are visible both varieties of this senes of 

rocks, viz.: the porphyritic, represented by No.8, and the non-porphyritic, represented 

by No. 13. They apparently grade into each other, the latter becoming very fine 

grained, as if from contact on cooler rocks, along one side, and also assuming a darker 

color. This rock might have the name zirkelyte, on the supposition that the matrix 

of the feldspars was originally glassy. N. H. W . 

No. 13B. ZIRKELYTE. (Glassy basalt. ) 

Duluth. A layer of No. 13. 
Ref. Annual Report, ix, page 13. 

Meg. Earthy, amygdaloidal, thin sheeted, green, fine grained. 

JJ1ic. The amygdules are largely occupied by qucwtz. The rock, in general, is 

made up of a. confused mixture of very fine crystallites which cannot be separated 

sufficiently for determination. They seem to have prevailingly a stout and even 

globular form, often stained by a green viriditic substance which in some places 

renders the slide dark, even like an isotropic substance between crossed nicols. 

Quartz is disseminated in these darkened portions of the slide, as well as in the 
amygdaloidal spaces. 

The rock seems to have resulted from devitl'ification of a glassy amygdaloid, 
of the basic sort. 

Age. Cabotian. 
No. 14. ZmKELYTE. 

Duluth. A dike, breaking through No. 13, running W. 10° N. 
Ref. Annual Report, ix, page 13. 

N. H. W . 

Meg. A compact, very fine grained, brownish rock showing minute feldspars. 

Mic. The section is composed of small lath-shaped plagioclases in a groundmass 

of altered material which consists of magnetite, chlorite, calcite, and some feldspathic 
material. 

Age. Maniton (n 
Re11w1·lcs. This rock is .very similar to Nos. 13 and 13A, but its occurrence 

as a dike indicates it is yonnger than they are. It has no porphyritic feldspars . 

The matter between the feldspar micro lites is semi-isotropic, appearing like a devit-

rified glass rather more than like a changed augitic mineral. 

No. 15. DIABASE (with olivine). 

Duluth. A dike fifteen feet wide, running N. 25° W. 
Ref· Annual Report, ix, page 14. 

N. H. W . AND U . S. G. 

Meg. A medium grained, dense, apparently fresh, dark-colored rock glittering 

with cleavage surfaces of the pyroxene element, and with the striated feldspar, the 

latter, however, being less conspicuous and acicular in outline. 
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Mic. Thefelds]Jar has an average extinction, on 010, on a cleavage, of 25° to 28°. 

On the face 010, in convergent light a curved dark bar is the only portion of the 

interference figure that is visible. Most of the grains are in the form of lath-shaped 

twinnings, elongated parallel to the edge 001: 010; and extinction i ' not coincident 

on all portions of the separate lamellre. This indicates some deformation since con

solidation. By the statistical method the highest equal extinction angle on opposite 

side of a line separating two twins is found to be 19°. This result agrees with the 

foregoing measmement on the cleavage in indicating labradorite, although the 

measurement on the cleavages seen in 010 seems to how a tendency toward bytownite. 

After some search, some sections of this feldspar can be found showing, in 

convergent light, optic axes and bisectrixes. In the latter case, in two in tances, it 

proves to be 1bg (c) in one case not in connection with distinct cleavage, but in 

another on a face showing evident cleavages parallel with the striations, indicating 

that the section is nearly on 010. It)s therefore the positive bisectrix appearing 

somewhat obliquely in the brachypinacoid, which is characteristic of the labradorites 

and by town-labradorites. Many of the microlites are crossed nearly at right angles 

by a pericline twinning. 
The pY1'oxene was later in crystallization than the feldspar, and embraces the 

feldspar. It extinguishes over considerable areas, often involving several detached 

parts. It is quite fresh, in some grains. The optic plane makes an angle of 4° to 5° 

with a distinct cleavage, and with a coarse parting an angle of about 40°. These 

measurements are made on the straightened dark bar crossing the interference figure 

of a single optic axi. On this figure, in blue light, the curved dark hyperbola is 

further dispersed than the same in red light, hence the red color lines the concave 

side, indicating, for this axis p < v, but as the dispel' ion in the monoclinic pyrox

enes is inclined, these colors may be reversed in the interference figure, in the manner 

of their position on the hyperbolas. 

After some search a small crystal of the augite is found perpendicular to a 

bisectrix. Its form is roughly that of a prismatic section, with a cleavage that nearly 

agrees with the position of extinction. This cleavage must therefore be that parallel 

to the brachypinacoid. Other cracks cannot be identified with certainty with any 

cleavage. In other sections nearly rectangular cleavage are frequent. The optic 

axes are carried beyond the field of the microscope, and are not brought within it by 

the use of methyl iodide as immersion liquid. This bi ectrix is ng (c), as shown by 

the use of the teinte sensible. 

The olivine is almost entirely changed. The change consists in the formation 

of both serpentinous fibres and a great many minute crystallites of quartz, and 

calcite and of a ferruginous dark substance that may be magnetite. The oli vines 
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thus changed show their nature sometimes by the remnants left of the original 

grains, and nearly always by their relation to the feldspars, which they preceded in 

origination. Although the changed olivine resembles somewhat the product of 

change from augite, these two are frequently alongside of each other without inter

penetration. The figure below (figure 5), illu trates the different aspects of the 

augite and the olivine. It was drawn from No. 15 by camem lucida and shows the 

parts all magnified about seventy-five diameter. The changed mineral (olivine) is 

frequently closely associated with the unchanged (augite) in so much that in some 

instances, either by superposition or by some corresponding alteration in the augite, 

there is difficulty in separating them at a definite boundary. They both enclose 

inegular grains of magnetite. 1'he oli vines, however, crowd upon and indent the 

feldspars, though their forms are never perfect, 'while the augites, being later than 

both, are interrupted by their contours. 

No. I- Olivine. 
No. 2-Augite. 

J!' IG.5. 

N o . 3-L abradorite. 
N o. 4-Magne tite . 

~Magnetite is in all forms, especially in angular to subangular sections, sometimes 

almost square, and in rods. These rods are sometimes between two minerals, or 

between cleavages, but they are also often sections of tabular sheets of magnetite. 

The largest amount of magnetite is within the decayed olivines. 

One section examined. 

Aye. Manitou 0 ) 
Remarks. This rock is noticeably contrasted with the eruptives which it cuts, 

111 two respects: (1) It is not porphyritic nor amygdaloidal, but has a uniform 

granular structure. (2) It is comparatively fresh, with a preserved ophitic structure. 

N. H. W . 
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No. 15A. DIABASE (with olivine). 

Duluth. From the west side of the same dike as No. 15. 

An ophitic diabase like No. 15, but here the augite is wholly lost by decay, and 

in its place is chlo1'ite (or penninite) charged with magnetite. This cbange is not due 

to a simple weathering, but to the activity of super-heated water during the process 

of cooling. This magnetite is all plainly of that origin. 

One section . 
No. 16. DIABASE (?) ( Amygdaloidal. ) 

Duluth. A modification of :Nos. 13 and 13A, extending (next east of the brewery) 125 feet . 

Ref. Annual Report, ix, page 14. 

N. H. W. 

]l,[eg. A black, apparently much decayed, aphanitic rock with epidote amygdules. 

ltlic. The rock is composed of small lath-shaped plagioclases, between which is 

largely an opaque black substance (in part magnetite) chlorite and some small grains 

of epidote. This groundmass does not entirely exhibit the characters of an alteration 

from augite, and it is not improbable that the rock was originally glassy. 

The amygdules, some at least of which appear to be pseud-amygdules, are 

filled with epidote and quartz in small. grains. 

One section. 

Age. Cabotian. U. S. G. 

No. 17. TUFF. 

Duluth. From the series east of Minnesota point, near the old breakwater, east of the Brewery creek; 
extends twenty feet, having a dip 43° E. 

Ref. Annual Report, ix, page 14; Annual Report, x, page 140; American Association for the Advance
ment of Science, vol. xxx, page 164; American Geologist, vol. xvi ii, pages 211- 213. 

Jlle,C;. A firm, granular, brown, fragmental rock. 

J1fic. At a glance at the thin section the fragmental character of this rock is 

apparent. The constituent grains are of two sorts, viz., lapilli and glass. The former 

are vesicular, their more minute cavities now being filled with a translucent mineral, 

and their framework charged with ferruginous matt.er, rendering it nearly opaque. 

The latter are similar to the former, but are sometimes translucent, or partly opa-que 

and partly translucent. They differ from the lapilli in being simple instead of com

posed of a number of vesicular masses embracing several translucent areas. It 

appears that the rock was originally essentially a glassy tuff, composed of glCLssy 
vesicular lapilli and of angular or sub-rounded glass fragments. 

Between crossed nicols the whole slide is nearly dark, which is due to the opaque, 
ferruginous products, the isotropic chloritic areas, and the possible remnants of the 

original glass. The only light particles, as seen between crossed nicols, seem to be 
of secondary qua'rtz and epidote. They are very fine, and multiple, the former not 
affording sufficient area for the action of convergent light to form an interference 
figure. 
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There are no feldspathic or aLlgitic fragments that can be detected, and judging 

from the persistent endurance of the minute feldspar microlites, at least in form, in 

the lavas and all the diabases of the series, it is necessary to conclude that they never 

existed in this rock. An abundant cement of calcite is distinguished by its iridescent 

polarization. 

Ordinary erOSIon and sedimentation could hardly produce such a rock, and 

although it has a slaty or bedded structure which suggests sedimentary action, it is 

probable that the ocean had but little to do with its origination. Its dip is coinci

dent with that of the lavas and amygdaloids of the immediate vicinity. Its strati

form arrangement may have been the product of oceanic forces in spreading out the 

debris of volcanic ejection. 

Three sections examined. 

Age. Cabotian. 

Remarks. Although some of the former numbers of this series (Nos. SA, SB, 

7B) have already been described as probably of tuffaceous origin, this rock i:s the 

first which has been met with presenting positive characters of that kind. Indeed, 

it is the first positively identified tuff in the so-called Keweenawan. N. H. W. 

No. 18. DIABASE (with olivine) . 

Duluth. East of the Brewery creek, and east of Minnesota point, at the lake shore. Over this comes 
down a little creek; this rock extends perhaps 300 feet, nearly into the bite of the next little bay, and at the 
eastern limit of the exposure it has a dip easterly of 26°. 

R ef. Annual Report, ix, pages 14, 16; Annual Report, x, page 36. 

Meg. A much decayed, rusty-green, finely-granular, maSSIve but remotely

jointed rock. On the weathered surfaces it is finely pitted by the loss of some min

eral, apparently olivine. In other places it is amygdaloidal, and in others it crumbles 

like a rotted shale. It appears, in the field relations, like a surface flow of diabase. 

Its weight indicates a considerable percentage of magnetite. 

Mic. Microlitic f eldspars are frequently reddish, from ferruginous oxidation; 

no coarser feldspars present. 

Attgite shows, though much altered and in general without its original forms, 

occasionally its ophitic relation to the feldspars. 

Olivine, though conspicuous in the section, is changed to an almost isotropic 

chloritic substance, yet which sometimes is finely fibrous, a fact which is seen on 

lowering the lower nicol. These grains are the most conspicuous in the slide. They 

show, by the dark lines of ferruginous matter, the original cleavages of the olivine. 

Quartz is a product of alteration, sometimes arranged radially, surrounding 

chloritic masses. 

Magnetite is usually plainly of secondary origin, and is disseminated widely. 

One section examined. 
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Age. Cabotian. 
Remarks. This rock seems to fall into the class named melaphyr by Pumpelly. 

It is similar to No. 6A, in it petrographic characters. N. H. W. 

No. l SA. VEIN MATTEH IN No. IS. 

Duluth. From laminations in No. 18. 
R ef. Annual Report, ix, page 14. 

]feg. Light greenish yellow and white, granular, but mingled apparently with 

more or less rock matter. Apparently largely composed of a honey-like garnet and 

calcite. 
Mic. Besides .r;amet and calcite the micro cope reveals quartz, magi/etite and 

titaniferous magnetite, and apatite, and, further, a little goLd (?) The magnetite is 

in very fine particles, visible only microscopically, an alteration product. The titan

Iferolls magnetite is in larger grains which are frequently surrounded by a rim of gray 

sub-opaque substance, which is taken for lencoxene. In some cases such dark grains 

are mostly. changed to uch sub-opaque sub. tance. This mineral does not appear in 

the midst of the calcite and garnet, but in those portions which are probably rock 

fragments. They are microscopic rods and angular masses. They are associated 

with quartz, epidote and secondary minute magnetite grains. A fine, white fibrous 

mineral is probably t1'elJl 0 lite. The small amount of gold present is associated with 

the garnet. The only particles seen were subjected to nitric acid and remained 

bright. The particles having been lost in the examination, the existence of gold in 

this vein matter requires further evidence. 

Two sections. N. H. W. 

No. 19. ZIRKELYTE. (AmY(JclaloicZal.) 

Duluth. At the lake a short distance lI'est of Chester creek, suddenly replaces No. IS' on thc east and 
extends about 200 feet . 

R ef. Annual Report, ix, page 14. Annual Report, x, page 36. Annual Report, xiii, pages 100, 102. 
Bulletin viii , page xxxiii. 

1.1feg. A compact, almost aphanitic rock, of a dull reddish or brown color, with 

a few scattered, brick-red feldspars a quarter of an inch long, but not enough to 

warrant the unqualified term porphyryte for the rock. There are also some scattered 

amygdules now filled with what appears to be epidote. These amygdules are from 
very minute size to one-half inch across. 

]fie. Rock is compo ed of minute interlocking laths ofjeldspaJ", in a confu ed 

mass of magnetite grains, yellowish granules (apparently of epidote) and ome 

chlo1·ite. One of the larger feldspar crystals is seen in ~he section; it contains small 

flakes of a muscovite-like mineral. In general these larger feldspars are striated . 

The brownish red color is evidently due to the fine di 'seminat.ion of hematite, which 

colors most of the tran parent grains. There is visible no ophitic structure, although 
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fine linear crystallites are common. M.agnetite in fine grains is scattered everywhere. 

A dirty greenish or grayish mineral can be 'een abundant in the vicinity of the 

magnetite, resembling that seen in No. 18A, probably the result of alteration of the 

magnetite, and indicating its titaniferous nature. 

The rock contains also some qua1·tz, in minute granules embraced in the general 

trachytic areas, also a mono-axial mineral da,rkening with the nicols which appears 

to be ap(d ite. 

One section examined. 

Age. Cabotian. 

Rem.arks. This rock has been grouped by the Minnesota Survey in the series of 

"red rocks." The microscopic characters seem to indicate that this is not correct. 

The following chemical analysis* shows the rock is rather lower in silica than the 

most of those rocks. 

SiO z 
Ti0 2 

AI 20 3 

Fe zOa 
FeO 
MnO 
CaO 
MgO 
KzO 
Na 20 
H 2 0 

Total, 

No. 19A. CALCITE AND EPIDOTE. 

Duluth. l'<'rom a large concretion in No. 19. 
R ef. Annual Report, ix, page 14. 

57.50 

13.29 
11.62 
4.54 

6.12 
1.63 
0.80 
1.85 
1.48 

98.83 

N . H. w. 

Meg. A mass of epidote, calcite, a light-gray, soft rock and a dark greenish rock. 

]Iic. The section is largely a mass of calcite grains in which is considerable 

epidote in small crystals and grains and some quartz. A little chlorite is present, as 

is also magnetite. Scattered through the calcite is a gray opaque substance, which 

at times is arranged so as to give the calcite a zonal structure. 

One section. 

Age. Concretion in Cabotian rocks. U. s. G. 

No. 20. ZillKEL YTE. ( AlIl1juclnloicZal.) 

Duluth. A tougher condition of No. 19. Embraces angu la r mas~es of No. 21, and extends about forty feet. 
Ref. Anuual Report, ix, page H. 

)Jfeg. A dark apbanitic rock containing a few red porphyritic feldspars. The 

rock is thickly, trewn with small ve icles which are in part empty and in part 
contain epidote, and sometimes quartz or calcite .. 

* Thi1'leellth Annual R epoTl, p. 100. 
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il!ic. Only two small fragments of the porphyritic f eldspctJ' are seen in the 

section. These are untwinned and are considerably altered; one contains a grain of 

epidote. The amygdules are filled largely with qUCl1 'tZ, with some epid~te alid a little 

chlorite. One amygdule contains some calcite. The rest of the rock IS composed of 

minute feldspar laths and a very fine grained confused mass of magnetite, chlorite, 

epidote and opaque matter. It seems probable that the mass of the rock outside of 

the feldspars was originally a glass. 

One section. 

Age. Cabotian. 

Duluth. Embraced in No. 20. 
R ef. Annual Report, ix, page 14, 

U . S. G. 

No. 20A. TUFF, 

'Bleg. An aphanitic, brownish gray rock, looking some like a hardened shale. 

It seems to be the same as No. SA, which see. 

No section. 

Age. Cabotian . u. s. G. 

No, 21. TUFF. 

Duluth, Overlies No, 20, extending fifteen feet. 
R ef. Annual Report, ix, page 14, 

]!eg. Laminated like a shale, also fine grained, of a light green color, but 

stained in spots with iron oxide. Apparently a fragmental rock. 

Mic. This rock varies in relative prevalence of the fragmental parts, making 

it appear varigated with light and dark. Scattered throughout are sharply angular 

bits of quartz lying in a confused, fine matrix of granular devitri:6ed glass. This 

,glassy element is sometimes much finer than throughout the most of the section, 

having been originally in the form of an 'ash or dust. Again, on the other hand, 

some areas in tbe section are remarkably coarse, but these all consist of the same 

elements. The glassy particles are sub-rounded, clouded by hematite or by other 

opaque impurities, or are changed to a green cbloritic substance. In all cases it is 

practically dark continually between crossed nicols. Rarely a feldspar micro lite 
appears in one of these grain , and stiil more rarely they seem to be of the nature 

of lapilli. Such is a grain in wbich is much 1Ilagnetite, with only a few translucent 
specks. In one translucent, quartz-looking grain an interference figure indicating 
the bisectrix (n ) was discovered in making examination in convergent ligbt. 

One section. 
Age. Cabotian. 

Remarks. This is not a typical volcanic tuff, but a subaqueous deposit of 
tuffaceous material. Tbe contrast in contour between the sharply angular quartzes 
(and plagioclases) and the rounded glassy matter is the most striking and inexplicable 
feature of tbis rock. Indeed, it is of all these Duluth tuffs. N. H. W. 
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No. 22. ZIRKELYTE. (Amygdaloidc~l. ) 

Duluth. Overlies No. 21. Extends about 300 feet along the lake shore. 
R ef. Annual Report, ix, page 14. 

123 

Mer;. A dark gray, aphanitic rock confusedly mottled with black and yellowish 

areas, the lattel' apparently containing considerable chlorite. The rock thus seems 

to be an amygdaloid. 

},{i,c. The main part of the section contains many minute jeldspaTs, mostly 

lath-shaped, in and between which is a confused fine-grained aggregate of magnetite, 

chlo1'de, epidote, leucoxene, and apparently a little qua1"tz and calcite. The rock is much 

altered, and it is thought to have originally contained some glassy material, although 

this is not certain. Scattered through the section are amygdules, or rather pseud

amygdules, which contain quartz, chlorite, epidote and calcite. Much of the quartz 

shows distinct undulatory extinction, thus indicating that the rock has been subjected 

to pressure or strain since the quartz was deposited in the cavities. 

One section. 

Age. Cabotian. 
No. 23. DIABASE (with olivine). 

Duluth. From a dike which cuts No. 22, fifteen feet wide, running north and south. 
Compare No. SC. 
Ref. Annual Report, ix, page 14. 

Meg. A fine grained, brownish black rock. 

U. S. G. 

Mic. Fe ldspCl1', not much stained, appears in lath-shaped microlites, and in the 

angular interspaces is seen the remaining stage of the augites which are considerably, 

though not entirely, altered to chloritic aud ferruginous products. 

Olivine, in the same manner, appears in the form of greenish spots, which are 

accompanied by magnetite, but these differ from those resulting from augite, in 

the. fact that they crowd on the shapes of the feldspars, having preceded the feldspars 

in date of formation. 

One section. 

Age. Probably Manitou. N. H. W. 

No. 24. 'rUFF. 

Duluth. Next east of the dike represented by No. 23, with laminations of green. It is coarser than No. 
17, dips 35° to 40° easterly, and extends fifty feet along the beach. 

R ef. Annual Report, ix, pages 14, 15; American Geologist, vol. xviii, pages 211- 213. 

Meg. Apparently a fragmental rock of a brown, granular appearance, but without 

evident silica grains. 

JJ1ic. The slide is made up of irregularly shaped areas of lighter and darker 

rock, the latter being apparently embraced in the former. The dark areas are fre

quently rounded but not wholly. Some are elongated and more rough, and some of 

them are themselves vesicular. The minerals in these dark areas are magnetite, 
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ep idotp, calcite and an isotropic substance which is greenish and similar to that which 

frequently follows an alteration of olivine or augite. These areas are darker, appar

ently, because of the greater proportion of the magnetite. The matrix which 
embraces these darker areas consists of about the same secondary minerals, with 

also much devitrified glass, but having less of the greenish isotropic substance and 

less of the magnetite. Also, the opaque substance has more frequently the color of 

hematite than of magnetite. Quartz is not wanting, but is very scarce. 

Two sections examined. 

Age. Cabotian. 

Remarks. This rock, when collected, like several others obtained in the imme

diate vicinity, was considered a shale belonging to the sedimentary series. It is not 

probably wholly, nor perhaps chiefly, due to erosion of other rocks, but its general 

stratiform structure points to the action of oceanic forces in giving distribution to a 

fine ash, in which were mingled also larger masses of a vesicular rock of the same 

nature as the ash, but probably of the origin of volcanic lapilli. N. H. W. 

No. 25. ZIRKELYTE. (Alnygclaloidctl.) 

Duluth. Occurs twenty feet east of No. 24 and extends 100 feet. 
R ef. Annual Report, ix, page 15. 

JJfeg. A brownish aphanitic rock in which are many amygdules, some of which 

are half an inch across. The amygdules contain much epidote; especially are the 

outer layers of the amygdules of epidote. Calcite, sometimes in crystals of consid

erable size, also occurs, as does a soft, greenish, clay-like material. 

llfic. The section is too thick for careful study. It is composed almost entirely 

of quartz and an opaque greenish yellow substance. The section was evidently cut 
from one of the amygdules. 

One section. 

Age. Cabotian. u. s. G. 

No. 26. DIABASE (with olivine, alte?·ecl). 

Duluth. A rocky point near tho old Fishery. 
R ef. Annual Report, ix, page 15. 

J.lleg. The rock is aphanitic and almost black. Its most noticeable feature is 

the presence of numerous red areas which at first appear like porphyritic feldspar 

crystals. But on closer inspection these areas are seen generally not to possess 

crystal outline. ; they are in fact very irregular in outline and are not rounded like 

amvgdules. The reel material exhibits no cleavage surfaces; it is easily scratched 

with a knife, and eiferve 'ces with cold nitric acid. There are also other less sharply 

defined yellow areas (epidote), and the lens shows that these yellow areas, often of 

minute size, extend all through the rock. Two rounded areas of calcite are seen in 

•• '1 
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the hand specimen. Sometimes these red and yellowish elements are united in the 

same spot, the former surrounding the latter, and occasionalJy the red spots show 

distinctly a twinning on the albite plan. 

Mic. The rare porphyritic /eldspa'J's are much decayed, showing quartz and 
hematite, and apparently calcite, as res ultant minerals, the iron probably derived 

from the sUlTounding matrix, yet they are distinctly striated in some places and 

undoubtedly they resulted from the cooling of a molten basic magma. Throughout 

the i'ock are also microlitic plagioclases. 

The augitic element is so changed that it cannot be 'identified as such, but the 

products of change from augite are the only evidence of its former existence (see 

No. 27) . 

That olivine was originally in the rock, is shown by the roundish green chloritic, 

isotropic areas, crossed by the ferruginous bands that indicate the original cleavage 

of that mineral. These a.reas crowd on and displace the crystalline boundaries of 

the feldspars, showing their earlier date . 

A micro-chemical test was made on the red element, not showing definite crys

talline characters, and the only result was the appearance of fluosilicate of lime with 

very rare hexagonal rods of the same salt of soda. The conclusion to be drawn from 

these facts seems to be that the feldspar was a lime-soda plagioclase. In decay it 

has given up its soda, it. lime has given rise to calcite, and, with the formation of a 

little quartz, the forms of the plagioclases have been lost, a red stain involving not 

only the remnant of the plagioclase itself but spreading irregularly through the sur

rounding rock, thus converting a porphyritic feldspar into irregularly shaped areas 

of a red color. 

One section examined. 

Age. Cabotian. 

Remad;s. This rock seems to be one of the series of eruptives extending along 

the shore eastward of Minnesota point, mingled with amygdaloidal and tuffaceous 

material. The red stain, which usually is evidence of the proximity of some of the 

clastics of the Animikie and of the fusion, or at least the wide dissemination of some 

of their elements in the basic erupti ve, cannot certainly be attributed to that cause 

in this rock. Yet it is a.lso equally impos 'ible to exclude that agency in the change 

of these feldspars- a change that took place, probably, mainly while the rock was 

yet hot, a period during 'which both gas and water must have permeated the erup

tive, carrying out such chemical alterations as W6re fittest to the nature of the 

attacking agent. N. H. W. 
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No. 27. DIABASE (with olivine) . 

Dulu th. A dike cutting No. 26. This dike changes its directiou twice. It lcaves the lake in a direction 
east and west, but on ascending the rocky bluff it immediately changes to W. 15° S. It runs so about eight feet 
and shifts again to nearly west. 

Ref. Annual Report, ix, page 15. 

Meg. Very fine grained and dark; not porphyritic. 

]Iic. Fine feldspathic microlites lie in the midst of the usual ferro -magnesian 

and magnetic minerals. This rock differs in one particular from many of the asso

ciated and similar rocks already described. A considerable amount of au,gite still 

remains. This is colorless and shows alteration to greenish to colorless grains, which 

often have borders of magnetite. These grains are fibrous in structure, have a low 

extinction angle, and polarize in rather bright colors. They are referred to hornblende. 

In No. 26 there is no augite, but the hornblende grains are very abundant and are 

similar to those in No. 27. 

One section. 

Age. Probably Manitou . N. H. W . AND U. S. G. 

No. 28. DIABASE (with olivine). 

Duluth. Next east of No. 27. 
R ef. Annual Report, ix, page 15. 

Meg. Fine grained but scantily porphyritic with the earlier plagioclases. This 

rock is quite similar to No. 27, but when collected it was considered the continua

tion of the rock on the easterly side of the dike represented by No. 26. It has an 

evident bedded dip, extends 300 feet and passes, on the east, under No. 29. 

Mic. This rock differs from No. 26 in wanting the irregular red areas, but it 

shows some scattered ?·edjeldspClrs. At the same time it very closely resembles No. 27. 

Age. Cabotian. 

RemCl?·!cs. Nos. 26, 27 and 28 are lithologically closely allied, but structurally 

they are widely separated. No. 27 is a dike which cuts the rock Nos. 26 and 28, these 

two being from opposite sides of the dike. It is only on the ground of these struc

tural relations that the dike is classed as pl'obably Manitou and the other as probably 
Cabotian . 

No. 29. BASALT. ( A rnyodaloidal. ) 

Duluth. Apparently the amygdaloidal upper portion of No. 28; about five feet thick. 
Ref. Annual Report, ix, page 15. 

N. H . W. 

rrhis rock is much altered to epidote, and it crumbles in the weather. 

scopically it differs none from several that have been described. 
Micro-

Age. Cabotian. N. H . W. 
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No. 30. SANDSTONE. (PY'J"OClClstic.) 

Duluth. Rock next west of Mallmann's dike, east of the old Fishery. Extends 400 feet. 
This rock shows non-conformable stratification or cross-bedding, perhaps separated by igneous eruptions 

and lava flows in other places. One part dips but little, and the other part dips east 30° south, and in amount 
about 15° or 20°. It varies from a brownish, siliceous sand rock to one that is greenish and aluminous. 

Ref. Annual Report, ix, pages 15,20; Annual Report, x, page 36. 

jlleg. A thinly bedded, grayish or greenish rock, of homogeneous grain and 

aspect. 

Mic. 'rhe section shows a fragmental structure, and a composition mainly of 

particles referable to eruptive agencies. 'llhese grains consist of quw'tz, titaniferous 

magnetite (changed to leucoxene) , plagioclase, epiclotf', sphene, and devitrified glass. 

These are cemented together by chlorite, calcite and probably some hematite, There 

are a few grains that have the appearance of having been derived as particles from 

a glassy rock. 

Two sections. 

Age. Cabotian . 

Rema1'ks. This rock is probably of sedimentary origin, even by erosion. There 

cannot be distinguished any lapilli, as a ·product of explosive action, but the particles 

consist almost entirely of mineral fragments frequently rounded as by beach 

friction.* 
No. 31. DIABASE (with olivine). 

Duluth; h-om Mallmann's dike. 
Ref. Annual Report, ix, page 15. 

ltleg. Fine-grained, nearly black. Similar to Nos. 7D and 15. 

N. H. W. 

Mic. Ophitic relation of the felclsjJw's to the augite (or the devitrified glass) is 

conspicuous at a glance. They are twinned, lath-shaped, and although more 

stained with hematite than the feldspars in No. 15, their large extinction angle 

(about 28°) indicates that they are probably labradorite. Sections cut parallel with 

the tablets (i . e., about parallel to 010) exhibit sometimes a zonal or shelly structure. 

The a'ttgite (?) is entirely changed to a greenish substance, with accumulation 

of much magnetite. It is impossible to affirm what portion of this ophitic substance 

was originally augite- perhaps none of it. It appears that in some cases, after the 

crystallization of the feldspars, the rest of the magma never gave birth to augite, 

but, being consolidated in a more or less glassy condition, has afforded products that 

are un distinguishable from altered augite, and this may be the case in many others 

of these rocks. 

Olivine, though gi ving a product very similar to that of augite, yet shows the 

following differences: (1) The earlier original independent crystalline form is apt 

to be preserved. (2) The magnetite accumulates along the original cleavages, or 

*Compare "Volcanic ash from the norih shore of lake Superior," by N. H. WINCIlELL and U. S . GRANT. America" 
Geologist, voL xviii , pp. 211-213 . October, 1896. 
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fissures, and hence appears more frequently in lines. The border is also always 

heavily charged with magnetite as well as these fissures, leaving one or more 

central areas free from magnetite; while in the·decay of augite the secondary mag

netite appears more uniformly throughout the grain often as a fine powder or in 

particles of some size. (3) The greenish substance that takes the place of these 

minerals is apparently, in chemical composition, the same in one as in the other, 

but in the case of olivine the alteration product is apt to show a finely fibrous 

structure. (4) In this slide a further noticeable difference consists in the presence of 

considerable hematite with the magnetite, in the changed augite, and the almost 

entire absence of this mineral in those changed grains that are unmistakably derived 

from olivine. These differences are not always pronounced, and do not always 

coexist, but by one or more of them usually the original olivinitic nature of the rock, 

pro or con, can be determined. 

Hematite, as already noted, is quite abundant, not only in the form of fine powder 

staining the feldspars, but in company with the magnetite in the grains that have 

resulted from the change of the pyroxenic mineral, where it appears as brownish 

red microscopic crystalline scales and groupings. Such hematite grouping appeal' 

dull red in ordinary light, both transmitted and reflected, but when the tage is 

rotated in strong reflected light they show minute reflecting surfaces which reappeal' 

at the proper angles. 

Calcite is seen in isolated patches. 

Two sections examined. 

Age. Probably Manitou. 

No. 32. ZIRKLEYTE. 

Duluth. At the lake shore, east of Minnesota point, on the east side of a fault. 
Ref. Ann ual Report, ix, page 15. 

N. H.W. 

Meg. A very fine-grained rock, dark brown in color, spotted with clu tel's of 
green epidote 01' epidote and chlorite. 

Mic. This is a very fine basalt in which the minute plagioclaseii are lath shaped 

and rarely twinned beyond two lamellce, and embraced ophitically in the now 
changed matrix, which was probably glassy. 

Magnetite is abundant. 

With the epidote and chlo/'de filling the amygdaloidal 0) spot, is a little quartz. 
One section examined. 

Age. Cabotian. N. H. W. 

No. 32A. ZmKEL Y'l'E. (1 Veathe1 'ecl moclijication.) 

Duluth. Taken f:'om No. 32 near the top of the bluff, where it becomes reddish-brown and breaks into 
angular blocks of a few mches. 

Ref. Annual Report, ix, page 15. 
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Meg. A fine-grained, brown-weathered condition of No. 32. Perhaps was at 

first largely of glass. It is now permeated with epidote and calcite. N. H. W. 

No. 32B. VEIN MA'l'TER (j1'orn No. 32). 

R ef. Annual Report, ix, page 15; Annual Report, x, page 14I. 

Greenish, fine grained, consists of epidote, calcite, quartz, leucoxene, some of the 

last showing the sagenite stJ'uctu1'e, plagioclase (albite n. These minerals all appear 

as fragments, somewhat rounded, and without any evidence of vein structure. 

One section. N. H. W. 

No. 33 .. AMYGDALOID. 

Duluth. About sixty feet east of No. 32, on the east side of a fault, near the lake level. The cavities and 
the fissures have been generally filled with epidote and calcite, with a layer of greenish segregated material, 
probably delessite, lining each cavity nearest the rock. . 

R ef. Annual Report, ix, page 15, 

No section. 
No. 33A. ApORHYOLYTE (?) 

Duluth. From patches in No. 33. 
Ref. Annual Report, ix, page 16. 

N. H. w. 

Meg. A reddish compact aphanitic rock with a few apparent amygdules. On 

one side two of these extend out from the rock, and appear somewhat like pebbles. 

illic. Very minute jeldspa1" microliths are scattered through a groundmass 

which is composed of irregular ill-defined areas of qUa?'tz. This quartz contains the 

microliths and the minerals of the groundmass poikilitically (see No. 42) . The rest 

of the groundmass, aside from the quartz, is composed of epidote, chlorite, magnetite 

and minute red particles (hematite). 

One section. 

Bema1'li;s. It is not certain just what this rock IS, but it is thought to be a 

devitrified lava, perhaps as acid as a trachyte . 

.Jge. Cabotian. u. s. G. 

No. 33B. PORPHYRYTE. (AlIl'!Jgac~loiclc~l.) 

Duluth. Taken from the stratigraphical equivalent of No.33. 
Ref. Annual Report, ix, page 16. Proceedings Ameri can A"sociatiou for the Advancement of Science, 

vol. xxx, page 164. 

l11eg. A brown, very fine grained rock, containing ma,ny red, porphyritic 

feldspars; also considerable epidote. 

Mic. The section is poor. It shows very few of the porphyritic feldspars, and 

these are highly altered. The groundmass contains small lath-shaped feldspars and 

the usual alteration products. There is also present a considerable amount of very 

fine grained material between these feldspars. This probably is largely quartz. 

One section. 

Age. Cabotian. U. S. G. 

10 
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No. 34. AMYGDALOID. 

Duluth. Near the mouth of Chester creek. 
R ef. Annual Report, ix, pages 16, 20. 

[Amygdaloid. Concretions. 

Ovel"lies No. 33B, and is about fifteen feet thick, the two passing gradually into 

each other across the bedding. This is a beautifully specked and spotted amygda

loid some of the concretions being white (one-half to one inch across), some red , 
(one-fourth to one-half inch), some green (one-fourth inch), and some with a red 

centre enclosed in a green coating. The rock itself is so altered that it is impossible, 

in the thin section at hand, to identify the original minerals. It can only be said 

th~t a reddened twinned plagioclase whose general forms are still sometimes quite 

distinct, is distributed idiomorphically amongst the other minerals. The matrix 

consists of chlorite, magnetite, altered glass, hematite, quartz. 

Two poor, very small sections examined . 

.Age. Cabotian. 

No. 34A. CONCRETIONS, ETC. (f?·Oni No . 34 )· 

R ef. Annual Report, ix, page 16. 

N. H. w. 

r:ehe red amygdules are colored by heillatite, which seems to be distributed with 

slight reference to any crystalline structure or form. It is occasionally in parallel 

or radiating coarse fibres. The rest of the section is largely made up of a light

greenish chloritic substance which is so fine that it appears dark, like an amorphous 

subst.ance, or when coarser affords an aggregate polarization. This chloritic sub

stance pervades the whole mass, except where a few grains of quartz or of calcite 

have been generated. The hematite seems to be distributed through this chloritic 

substance. With the exception of a few irregular grains of magnetite and of epidote 

which are independent of the hematite, this constitutes the nature of these red amyg

dules. The white concretions are of qurtrtz or partly of calcite. 

In some parts of the slide the forms of the hematite indicate that it has taken 

the place of some fibrous or radiated mineral. Some of these amygdules, when 

stained red, have a calcite matrix, which, when they are broken, shows its cleavage 

distinctly. Both the calcite and the quartz sometimes embrace the red material in a 

micro-poikilitic manner. 

Two sections examined. 

Age. Concretions in Cabotian surface lava. 

No. 35. DIABASE (w'ith olivine). 

Duluth. Near the mouth of Chester creek, on the west side. 
R ef. Annual Report, ix, pages 16,17. 

N. H. w. 

J.lfeg. A hard, reddish imperfect amygdaloid, with numerous natural seams 
which cause it to part easily in all directions without affording a fresh fracture; a 
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layer twelve feet thick; much decayed; fine grained; evidently a phase of the same 

rock as No. 34. 

llfic. The feldspar is reddened, lath-shaped, and idiomorphically distributed 

amongst the other grains, wbich, however, are none of them in their original condi

tion. They consist of magnetite, hematite, chlo1'ite, glass (?), epidote, letlCOxene. In 

strong polarized light (the same is less evident in naturalligbt) and high powers the 

whole section glitters with bright specks, either sericitic or chloritic, or with fibres 

which appear to be serpentinic. Tbis effect is bightened by lowering the polarizer. 

Even the opaque grains of magnetite are thus seen to be impure. They are more or 

less involved in this iridescence, and enclose minute parts of the minerals for which 

they are substituted. This is another evidence of their secondary nature. Most, if 

not all, of the magnetite in the section is of this cbaracter. The only evidence of 

original titaniferous magnetite, or of ilmenite, consists in occasional gray sub-trans

lucent grains which are apparently leuco,£ene. 

One section. 

Age. Cabotian. 
No. 36, DIABASE (?) 

Duluth. West side of Chester creek. 
Ref. Annual Report, ix, page 16. 

N. H. W. 

llfeg. Hard, gray, or brownish-gray, fine-grained, and fresher condition of the 

eruptives at the mouth of Chester creek, a basic trap with alternating and irregular 

belts of amygdaloid. 

Mic. The jeldspa1's are very fine and lath-shaped, lying ophitically amongst the 

more or less altered pyroxenes and the remnants of the magma. 

The pY1'oxene ocr.asionally shows its bright polarization colors. The sections 

show much of the light-green, amorphous substance supposed to result from residuum 

from the magma. 

Two sections. 

Age. Cabotian. N. H . W. 

No. 36A. DIABASE (?) (Amygclaloidal.) 

Duluth. Amygdaloidal porous condition of No. 36, from the upper portion of the bluff immediately west 
of the mouth of Chester creek. This porous condition occurs in layers or belts in No. 36. 

Ref. Annual Report, ix, page 16. 

Meg. An aphanitic brown to reddish rock in which are numerous cavities of 

all sizes up to tbose a quarter of an inch in diameter. These cavities sometimes 

contain epidote, and this mineral also permeates almost the whole rock. 
Mic. The slide is made up of numerous jeldspa1' microliths in a groundmass 

which is composed of magnetite, in lal-ge amount, and an almost colorless isotropic 

substance. Under a bigh power this isotropic substance i seen to be greenish, 
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fib ll't Th 'tl'es of the rock are in part filled with ep idote and a little rous Crt on e. e caVI 
chlorite, and the former mineral is found in abundance in the groundmass. The 

groundmass shows no evidence of having contained augite, and .it may. have been 

originally glass. No. 36, however, of which 36A is a part, con tams augIte. 

One section. 

Age. Cabotian. 
No. 37. DIABASE (?) 

Duluth. At the shore immediately east of Chester creek, standing up like a dike. 
R ef. Annual Report, ix, page 16. 

U. S. G. 

Meg. Compact, fine, basaltiform, with some large geodic concretions; pyritif

erous; extends foUl' rods. This rock is not essentially different from No. 36, but has 

spots of calcite and epidote. It is more decayed and contains more numerous gray 

grains that are semi-opaque and seem to be leuco.rene. 

One section. 

Aye. Cabotian. 
No. 37A. CALCITE. 

Duluth. From a concretion in No. 37. 
R ef. Annual Report, ix, page 16. 

N. H. W. 

Aleg. The hand specimen is a large mass of well crystallized calcite. On one 

side of the specim~n is some epidote and hematite. 

No section. 

Age. Concretion in Cabotian eruptives. U. S. G. 

No. 38. DIABASE. 

From a dike east of the mouth of Chester creek. This dike runs north and south, and hangs toward the 
east 10°. It is eighteen feet wide. On the west side the adjoining rock has been hardened and rendered similar 
to the dike in external aspect. This dike cuts the foregoing eruptive sheets. 

Ref. Annual Report, ix , page 16. 

Mar. The rock is fresh and gray, medium grained, evidently' a basic rock of 

the gabbro family. 

Mic. The feldspars are embraced ophi tically by the pyroxenes. A section per

pendicular to the bisectrix (n~) gives extinction on cleavage at 25° to 28°, and on macles 

at 0° to 2°. The optic plane, determined by the greatest curvature of the hyperbola 

in a section nearly perpendicular to an optic axiH, makes an angle, with cleavage, 

of about 12°. If this ection be near 001 the measure indicates labrador-bytowllite. 

If it be neal' 100 the indication lies between andesine and labradorite. A tabular 

section showing distinct cleavage is taken for 010, and extinction on it is 25° and on 

another 30°, also pointing to labrador-bytownite. (Thi cleavage, in the first case, is 

not parallel with the macle. Many of the microlitic feldspars are ~:Tossec1 by such 

cracks, sometimes at right angles to their elongation and sometimes obliquely.) 
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The pY1'Oxenp in the body of the rock is ophitic and tolerably fresh . A vein 01' 

fissure of later date crosses the section, and this is fi lled with chlo?'ite scales standing 

vertically on the sides of the fissure. This chlorite, in some instances, spreads more 

widely, affecting chiefly the pyroxene. In many cases this chlorite is in leaves, 

favorably cut, and shows a strong pleochroism. 

Magnetite is in angular masses, as if it had taken the position of some mineral, 

or of a residuum of the magma, since the consolidation of the feldspars. It is also 

in fine particles in the altered pyroxenes. 

The good preservation of this rock, in contrast with the sheets of eruptive rock 

about Chester creek, the latter cut by the former, seems to p~ove a shorter period of 

exposure for the dike or better protection from the atmosphere. 

One section examined. 

Age. Manitou. 

No. 39. GRAYWACKE. (B1-eccia.) 

Duluth. On the east side of the dike, No. 38. Extends thirty-five feet, and dips east, 
Ref. Annual Report, ix, page 16. 

N. H. W. 

Meg. The most of the hand specimen is composed of a fine-grained siliceous 

rock, which might be called graywacke. It has pyrite crystals disseminated 

through it. It has on one side, and was apparently surrounded when in sit1.l by a 

very different kind of rock. The appearance is as if a gray siliceous breccia had a 

cement of a basic eruptive. 

Mic. The rock is made up of fine angular and sub-rounded fragments of quartz 

and plagioclase, and of devitrified glass, with a few scattering grains of pyn'te, and 

a few larger areas of secondary quartz. Except in its much greater content of quartz 

this included rock is similar to some already mentioned, viz. : Nos. 7B, 8B, 21 and 30. 

Its fragmental maimer of occurrence in the lava is also similar. 

Two sections examined. 

Age. Inclusion in Cabotian eruptives, N. H. W. 

No, 40. DIABASE (with olivine). 

Duluth. East of Chester creek, at the lake shore, about forty feet east of the dike, No. 38. Hard, firm 
beds, in thin contorted layers, varying in durability and in color, some greenish and some brown, some nearly 
black. Tbe whole is fine-grained , compact, of a dark grayish or brownish color. 

R ef. Annual Report, ix, pages 16, 17. 

Meg. Compact, rather fine grained, occasionally with a porphyritic feldspar 

crystal, and other colored spots. U ndistinguishable from numerous others that out

crop betwee,n this point and Rice's point. 
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M1·C. The texture does not present the strong idiomorphic characters seen in 

the feldspars of No. 38, yet it is an ophitic rock. The PYI'O.:r;ene is changed to the 

usual decomposition products. Chlorite, 1I/,C/.qnetite and hemat'ite abound. 

One section examined. 

Age. Cabotian. N. H. W. 

No. 41. DIABASE (with olivine, in basaltic colwmns). 

Duluth. Across a little bay, east from the last. Basaltic rock, the columns dipping about 10° from the 
perpendicular toward the northeast. Varies from a texture like that of No. 70, to a finer grain, much like No. 
43. Adjoins No. 50 on the east. 

R ef. Annual Report, ix, pages 17, 18. 

Meg. A tolerably fresh, medium grained, dark, basic rock, showing a polysyn-

thetic feldspar, magneti te and a pyroxene. 
flinc. The feldspar is labmcl01'ite, its extinction angles on opposite sides of a 

twinning line being as high as 25° and 27io, and 31 ° and 33°. 

PY'foxene is generally well preserved and exhibits a characteristic relation to 

the feldspars. It is in the form of augite. Some of it was at first taken for olivine, 

owing to its"generation earlier than the feldspars, as evidenced by its independent 

outlines. In some instances the earlier and the later augite grains are associated in 

groups, in which their different relations to the surrounding feldspars are contrasted. 

In order to determine these earlier grains more certainly, the slide was uncovered, 

washed with turpentine to remove the Canada balsam, then with alcohol, and lastly 

with water. It was then immersed in hydrochloric acid during about eighteen 

hours, in order to convert it, if olivine, to gelatinous silica. The slide, after washing 

again in water was then covered with iodine green and left for twenty minutes. 

When examined for gelatinous silica, none was found; at least those augites which 

most clearly maintained their independent outlines were found unattacked, and as 

clearly polarized light as before the test. Other grains absorbed the color, some of 

them being probably oz.ivine and others remnants of the magma uncrystallized. The 

latter were originally greenish, and chloritized. This is the first rock in which we 

have distinguished augite amongst the early generations from the magma. It is still 

more interesting that it was also later than some of the feldspars. In one instance, 

indeed, a single augite grain can be noticed, which is ophitic toward one feldspar 

crystal and idiomorphic toward another. 

Olivine. There appears to be some later olivines which can hardly be distin

guished from pyroxene, except by a careful noting of the cleavage and extinctions. 

They are both colorless 01' faintly straw yellow, and their double refr3,.ction, in a 

section of ordinary but unknown thickness (though less than 0.03 millimeters), is so 

nearly the same that the interference colors are not characteristic. Two sections 

were found, however, perpendicular to an optic axis and showing two cleavages per-
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pendicular to each other, in which extinction takes place parallel to the cleavage 

cracks. One cleavage was distinct, even marked, and the other was imperfect. 

These grains, therefore, unless they be of augite cut in the zone of symmetry, must 

be of olivine, cut in the zone 100:010, and the cleavages those parallel to the prism 

and to the base 001. The oldest olivines, which were numerous, are wholly changed 

to magnetite and the usual green products. 

Magnetite is not only in the fresh and undecayed pyroxenes, but also in the 

feldspars, though less commonly. It is most abundant in connection with the 

greenish grains which are now chloritic, and in this situation it is very often the 

result of a change from other substances, probably, in the main, from the older 

olivines whose forms are outlined by the chloritic areas. Although a part of the 

magnetite seems to date from the magmatic state of the rock, no distinct cubic out

lines are perceptible. 

Apatite needles pierce the feldspars ingreat numbers and are in the other minerals. 

Chlor'ite masses are common and seem to have the form of the olivinitic grains 

of the earliest generation. 

Quartz is present in scattered grains, so sharply separable from the surrounding 

minerals that it has the appearance of being an original secretion from the magma. 

Were the rock much decayed this quartz might be taken for a secondary product; 

but the rock is quite fresh . 

One section examined. 

Age. Cabotian. 

R emaTks. Another section of this rock, made later, brings out some characters 

not before distinguishable, viz.: some of the green" chlori tic" masses are green horn

blende instead of chlorite. These hornblenc1es are derived from or accompanied by 

a chloritization apparently of the early olivines. Through them run the magnetite 

accumulations, marking the irregular cleavages of olivine, and these are also seen in 

the chlorite areas, though here they do not follow so exactly the old cleavages. The 

hornblende cannot be said, correctly, to have epigenized on the chlorite, although 

these two are sometimes found in the same grain so related as to suggest that origin; 
but probably they are nearly cotemporary growths after olivine. In a single case 
a brown hornblende forms a part of a border of an augite. 

Brown remnants of the glassy magma are also discernible. This rock is so 
strikingly like the great dikes at Grand Portage bay (Nos. 248, 253) that it seems 
necessary to classify it with them. Its structure and composition even conspire to 
warrant the designation Iwmblencle gabb),o. It is hence of Cabotian age, and an 
eruptive that preceded the Manitou. This is evidently a heavy surface flow allied 
to the Beaver Bay diabase but of later date, or a sill in the Animikie now denuded. 

N. H. W. 
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No. 42. ApORHYOLYTE (?) 

Duluth. Four blocks north of the depot. 
R ef. Annual Report, ix, pages 12, 17. Annual Report, x, pages 62,109. A.nnual Report, xiii, page 40. 

Meg. An aphanitic rock of a reddish brown color. Scattered through it are 

very small reddish porphyritic feldspars and irregular areas of epidote and of a darker 

mineral, probably chlorite. 

]fic. The most striking feature of the rock is that under polarized light it 

breaks up into irregular interlocking, often not sharply outlined, areas of quartz. 

(This is similar to, but more pronounced than in No. 33A.) The whole rock is 

composed of these quartz areas holding the other materials poikilitically. This 

structure has alrea,dy been described many times in altered igneous rocks; it has been 

described by Irving* from the lake Superior rocks, and recently Miss Bascomt has 

discussed this structure from the rocks of South mountain. In the latter article are 

many references to other descriptions. 

The porphyritic feldspa1's are very much altered. They in no case show poly

synthetic twinning; however, some of them are so highly altered that no trace of 
this twinning could be expected to remain. 

A few quaJ'tz grains, not showing crystal outlines, but possibly representing 

corroded quartz phenocrysts, occur. Frequently the quartz of the groundmass in the 
immediate vicinity of one of these grains has the same orientation as the grain. 

Throughout the section are small particles of magnetite, chlorite and epidote, 
and red stains and specks (hematite) . 

Two sections. 
Age. Cabotian. 

Remarks. Because of the nature of the groundmass, which is similar to that 
found in altered acid lavas, the presence of quartz which was possibly porphyritic, and 
the apparent orthoclastic nature of the porphyritic feldspars, this rock is thought to 
represent an altered acid lava, most probably a rhyolyte. The name aporhyolyte is 
applied in accordance with the usage proposed by Miss Bascom.t No. 42 is similar 
to No. 45; also No. 850. u. s. G. 

Duluth. 
No. 42A. CONCRETION (in No. J,2). 

Ref· Annual Report, ix, page 17. 

111eg. This concretion seems to grade into the mass of the rock through a 
siliceous periphery. The concretion, which is two and a half inches in diameter, is 
composed almost entirely of finely crystallized epidote. 

No section. 

Age. Concretion in Cabotian rocks. 
U. S. G. 

• u. S . Geol. S 'u1"1;ey, Mon. v , pp. 99,100, plate 13, figures 13,14, 1885. 
t Jou7"1lal or Geology, vol. i, pp. 814-817, 1893. 
t Loc. cit., p. 825. 
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No. 43. DIABASE. 

Duluth. On the hill slope, back from the base of Minnesota point, in front of the engine house. Width 
and form of this rock could not be made out. Surface rounded over by glaciation. Apparently has a dip east 
30° north. Approximately the equivalent of No. 6A, and of No. 44', and perhaps of No. 4l. 

Ref. Annual Report, ix, pages 12,17. Annual Report, x, pages 107, 109. 

Meg. Generally of very uniform character, but in some places finely porphyritic 

with a red feldspar. 

jfic. The feldspar, without further specification, may be said to be a plagioclase, 

and probably labradorite. It is much changed, showing secondary microlites of 

various sorts. 

The pY?'oxene is also mu~h changed, some of it being entirely lost, but some still 

plainly preserving sufficient of its molecular structure to give the high polarization 

colors characteristic of thick sections. 

Olivine gmins are quite common, but largely serpentinized so as to give an 

aggregate polarization. They are the favorite gathering-places for magnetite which 

forms strings and reticulations marking the original irregular cleavages of the olivine. 

It is apparent that in some cases olivine grains have been entirely replaced by mag

netite. These olivine grains preceded the feldspars in generation, although they do 

not now manifest perfect crystalline outlines. 

A considerable portion of the section is occupied by a mineral substance now 

changed so as to give a similar aggregate polarization, but coarser. This is appar

ently the same that was described in section No. 41 as uncry~tallized magma. Toward 

this the feldspars are idiomorphic but it also spreads widely throughout the slide. 

-Magnetite is common, and apparently is entirely a secondary product, occupying 

the place of either olivine or of pyroxene. 

Chlorite scales are sparse in the changed feldspar, but more common as a product 

of decay of the pyroxene and in the masses of undifferentiated magma. 

Pyrite in fine grains is seen occasionally. 

Age. Cabotian, allied to the Beaver Bay diabase. 

No. 43A. DIABASE (with olivine). 

Duluth. Same locality as No. 43. 
R ef. Annual Report, ix, page 17. 

N. H. W. 

~JJ1eg. A fine-grained diabase with small, red, porphyritic feldspars. The red 

color also penetrates somewhat into the mass of the rock. 

Mic. The rock is essentially like No. 43, of which it is a part. However, most 

all of the feldspar is reddish. The porphyritic feldspars are very highly altered, but 

some of them still show traces of polysynthetic twinning. 

One section. 

Age. Cabotian. U. S. G. 
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No. 44. MICA SCHIST. (" Black Rocle. " ) 

Duluth. From the top of the hill at the head of First Avenue ~ast. Very fine grained, black, like a 
basalt. Apparently this is what has been known later as " the black rock. ' 

Compare Nos. 1966 and 1967. 
R ef. Annual Report, ix, page 17. 

Meg. Even with a loop nothing can be seen that would distinguish this rock, 

in the specimens at hand, from a very fine diabase. 

Mic. But under the objective, and especially between crossed nicols, it is seen 

at once to be very different from any of the fine-grained rocks so far described. It 

has no ophitic structure, but is finely granular, with many translucent areas resem

bling quartz. These are of in:egular shapes, but sometimes several contiguous darken 

simultaneously, as if they had the same crystalline orientation. In other areas the 

darkening comes on in spots and disappears in the same way, showing several inde

pendent grains. In general, finally, this same mineral (quartz) seems to extend as 

a cementing framework throughout the section, being invisible in other places on 

account of the presence of brightly polarizing or of opaque grains of other minerals. 

The interference figure, so far as seen, consists of a broad straight bar which crosses 

the field, indicating a uniaxial mineral. 

Besides the foregoing are two other principal minerals which make up much of 

the rock. One is entirely opaque and black, and on reflecting surfaces has the 

metallic lustre of magnetite. It is scattered promiscuously as a powder, with no 

definite crystalline form, or is aggregated into granular masses of some size, the 

cern ent even then being the same quartz. The other is in very fine grains 01' scales 

which, in ordinary transmitted light, give a brown-gray coloration when they are 

frequent and superposed, somewhat resembling in this respect the color of biotite. 

Between the crossed nicols they extinguish foul' times in a revolution. Sometimes 

they show an elongation, but usually they are of irregular shapes and of sub-oval 01' 

orbicular angular outlines. When they are lengthened the extinctions take place 

parallel to the elongation. Sometimes they are aggregated in sufficient thickness 

to give a polarization color of reddish-yellow or of light blue, but their principal 

effect is to darken the matrix of quartz in which they are intimately embedded. 

While these are the principal minerals there are also calcite and epidote in small ' 
amounts. 

One section examined. 

A.qe. Taconic (Animikie). 

11,ema1};;s. This rock is the same as rock No.1, of the series collected at Duluth 

by Prof. A. Lacroix, in 1888, deposited at the College de France. The biotite has the 

forms and relations to the quartz characteristic of " 'contact~' mica as distinguished 

from granitic mica and the mica of gneissic rocks, i. e., it embraces the quartzes, 
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instead of being embraced by them. Its forms are secondary to the quartz. This is 

true of the original quartz grains, yet there is a secondary quartz also, which 

surrounds some of the biotite grains. This latter is that which spreads widely and 

constitutes apparently the matrix. It contains bubbles. 

It is difficult to find a suitable name for this rock. Its relations to the gabbro 

and to "red rock" are interesting and important, and will be found discussed in 

Part III. N. H. W. 
No. 44'. DIABASE. 

Duluth. Top of Kinichigaguag falls. Apparently the eastward extension of No. 43, and a part of No 41. 
Ref. Annual Report, ix, page 17. 

Meg. This rock consists of plagioclase in lath-shaped forms, very fine, and of 

a changed pyroxene, with magnetite and chlorite. 

One section. 

A.ge. Cabotian. 
No. 45. ApORHYOL YTE. 

Duluth. From a ravine between No. 44 and No. 1B which is further north on the hill. 
Ref. Annual Report, ix, page 17. 

N. H. W. 

Meg. An aphanitic, reddish brown, compact rock, holding small, red, porphy

ritic feldspars. There are also scattered through the rock, small areas, sometimes 

showing crystalline outlines, of a black mineral. 

Mic. In all essential characters this section is like No. 42. However, epidote 

does not seem to be present in No. 45, and the porphyritic feldspa-rs are in part not 

so highly altered. N one of these feldspars show polysynthetic twinning, although 

many of them are so highly altered that no trace of this twinning would remain 

even if it was originally present. The least altered of these porphyritic feldspars 

show untwinned and simply twinned crystals. The alteration of these crystals is 

usually toward chlorite, and some of them are entirely replaced by this secondary 

mineral. Where this replacement has been entire the crystal appears black in the 

hand specimen. 

One section. 

Age. Cabotian. 

Remark. This rock is similar to Nos. 42 and 850. 

No. 45'. SLATE (?) (Alte?'ed.) 

Duluth. Foot of Chester Creek falls. 
R ef. Annual Report, ix, page 17. 

U . s. G. 

Meg. An aphanitic, dark, almost black rock, streaked with gray and reddish. 

Mic. rfhe section is a confused mass of qua1·tz, rnag'netite, chlorite, epidote and 

calcite. The quartz, which is in min ute interlocking grains, forms the background of 

section. Magnetite occurs in irregular grains and in minute dust-like particles. 
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N one of the minerals, except some grains of epidote, show any crystal outlines. 

The magnetite and chlorite are in some places more abundant than in others, thus 

gi ving an indistinct mottled appearance to the slide. The calcite sometimes spreads 

widely with the same orientation, embracing numerous grains of the quartz and of the 

magnetite. 

One section. 

Age. Animikie. 

Rema1 -k. It is impossible to state definitely what was the origin of this rock. 

It is thought to be a slate, or very fine graywacke. The groundmass of crushed and 

stretched quartz porphyries frequently resem bles this section, but in this case there 

is no evidence of the remains of old phenocrysts, nor of dynamic action in the rock, 

nor in the associated strata. The overlying rock No. 44', occupies the position of a 

sill similar to those in the Animikie along the boundary. U. S. G. AND N. H . W. 

No. 46. BASALT. (Zi?-7celyte.) 

Duluth. Brewery creek. 
Ref· Annual Report, ix, page 180. Annual Report,xiii, pages 100 (No. 151), 102. Annual Report, xi, page 39. 

;"lI/.eg. A black aphanitic rock thickly strewn with porphyritic crystals of dark 

red feldspar. Epidote has pervaded the rock to some extent, sometimes partly 

replacing the phenocrysts and sometimes occurring in small areas in the ground

mass. On one corner of the hand specimen is an area of finely crystallized quartz 

about one half an inch in diameter. This is sUlTounded by a narrow green rim 

which contains some epidote, and outside of this is a wider rim of epidote which is 

not very sharply separated from the mass of the rock. 

Mh. The porphyritic jl'ldspa J'S, which are such a characteristic feature of the 

hand specimen, and which constitute nearly one-half the rock mass, are imbedded in 

a groundmass which is composed of minute plagioclase laths and a black opaque 
substance appearing like glass. The feldspar of the groundmass and also of the 

porphyritic crystals is highly altered and reddened, and its exact composition cannot 
be determined; but, judging from the analysis of the whole rock given below, both of 
these feldspars are quite basic plagioclases. In some cases they still show the 
remains of polysynthetic twinning, although usually altered too highly to show this. 

The black glass-like material on examination with a high power is seen to be 

composed almost entirely of black specks (magnetite) and chlorite. It seems most 
probable that this substance was originally glass. 

Epidote and chlorite have both pervaded the rock in irregular patches. 

One section shows part of an area similar to the quartz area described on the 

hand specimen. This is made up of epidote, quartz, chlorite, calcite and magnetite. 
In one part of the area the quartz, calcite and magnetite are arranged concentrically. 

Two sections. 
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Chemical analysis. This analysis was made by Prof. James A. Dodge, and was first published in the 
Thirteenth Annual Report, page 100 (No. 151). 

SiO. 
AI . O. 
Fe. Oa 
FeO 
CaO 
MgO 
K.O 
NazO 
H . O 

Total 

Age. Cabotian. 

No. -:1:6'. RED GRANITE AN D GABBRO ( contact of)· 

Duluth. Weller road , south side of hill. Showing contact of No. 1B and No. 1. 

48.81 
2.3.27 
11.80 
3.66 
5.15 
1.72 

.75 
2.38 
2.53 

100.07 

U. S. G. 

R ef. Annual R eport, ix, page 18. Annual Report, x, page 142. Proceedings American Association for the 
Advancement of Science, vol. xxx, page 165. 

~Meg. The specimens show two rocks in contact. One is a fine grained granite 

composed of red feldspar, quartz, epidote and hornblende. The other is dark colored 

and made up almost entirely of plagioclase; in places it contains long thin crystals 

of this mineral. A few reddish feldspars are also seen in the gabbro. The two 

rocks are closely welded together and the granite extends in vein-like forms into 

the gabbro, thus showing it to be at least a little younger than the gabbro. 

Mic. The section shows both rocks. The gmnite is made up of qua1·tz and 'red ' 

f eldspar, with some ep iclotp, hornblende, tnagnet'ite and chlorite. The feldspar, like 

the usual orthoclase 01' anorthoclase of these red acid rocks of the Cabotian, is much 

altered and completely filled with minute dust-like red particles (hematite). The 

gabbro is essentially composed of plagioclase, somewhat altered, and not very 

distinctly separated into grains and twinning lamellffi under polarized light. 

Throughout this plagioclase and embraced poikilitically by it, are scattered grains 

and rough rods of magnetite; also chlorite and grains of brownish hornblende. 

The junction of the two rocks is quite a distinct line, and there is no mingling 

of the elements of one with the other, ' except that the red stain of the feldspar of 

the granite has, just at the contact, penetrated to a small extent the feldspar of the 

gabbro. 

One sectiou. 

Age. Cabotian . 
No. n. D IABASE (with ol ivine) . 

Duluth. From a dike, same as No. 7C, from on outcrop on Superior street . 
R ef. Bulletin ii, page 110. Annual Report, ix, pages 12, 18 . 

U . S . G. 

.Ll1eg. Medium grained, showing a plagioclase, a pyroxene, magnetite, pyrite, 

and occasionally a, spot reddened by hematite; a massive homogeneous rock of the 

gabbro series. 
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Mic. The description of No. 7C applies well to this rock, except that it is less 

decayed. It might be added that the generally fresh condition of the rock, and the 

contrast between the undecayed augite (sometimes diClllage) and that which is 

presumed to be a changed condition of the pyroxenic element renders it doubtful 

whether the pyroxenic element has really suffered this change. It provokes the 

query why such change should attack some of the grains and continue to total 

obliteration, and leave the rest wholly fresh. The attgite in this section shows 

numerous grains cut so as to show optic axes and bisect rices in the field of the 

microscope, and occasionally an optic normal. The decayed, now chloritic, substance 

may be a condition of the residuum of the magma. 

Olivine is quite common in the slide and is distinguishable from the augite by 

the fact that its boundaries encroach on all the other minerals, by its slightly 

darker tint of yellow in common light and by the irregularity of its cleavages. 

It is further distinguished, when a bisectrix can be found perpendicular to the plane 

of the slide, by the axial angle being about 90°. In the case of augite the smaller 

axial angle is much less than 90°, and the larger one much more. One such bisectrix 

(rip) occurs in the slide examined. The olivines are quite fresh in this rock, but in 

No. 7C they are much altered. 

The magnetite is angular and fresh, as if an original secretion from the magma. 

One section. 

A.ge. Manitou ~ (but possibly a feeder to the Cabotian sill No. 44 '.) 

RemCl1·k. The freshness of some of the augite in the thin section, contrasted with 

the completeness of the alteration in some of the other ophitic, greenish substance, 

suggests the possibility that the alteration product does not arise from augite. Its 

evident late date in the generation of the various minerals shows that it can have 

arisen, if not from augite, only from a non-differentiated portion of the original 

magma. Again, the freshness of the olivine rather precludes the supposition that 

the augite may have suffered so much. N. H. w. 

No. 48. BASALT. 

Duluth. Second street, corner Fourth avenue east. This runs from in front of C. Markell's house, under 
the Hayes block. It is a large member, at least 150 feet thick, and apparently falls between Nos. 7 and 6C. 

Ref. Annual Report, ix, page 18. Annual Report, x, page 38. 

Mey. Close grained and firm, hard, bluish gray to black, heavy, not visibly 
amygdaloidal, but finely and sparsely porphyritic. 

Mic. The groundmass is made up of microlitic feldspars and magnetite. 

Evidently several other minerals are also present, but they are too fine, and the 

section (too thick at best) is too much decayed in general to warrant any attempt to 

differentiate them. 'l'he section shows a portion of a tabular crystal of a porphyritic 

I 1 
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feldspar, likewise charged with impurities. The rock has the appearance of a basalt, 

but it is not impossible that it is a condition of the "black rock" mentioned under 

No. 44. It contains, however, no observable quartz, or very little, and the feldspars 

are distinctly idiomorphic in the midst of the other grains. 

Age. Cabotian. 

Rema1·k. This rock falls into the category of which Nos. 6C and 7 are other 

examples. If, as the field notes record, this falls into the unobserved interval 

between Nos. 6C and 7, it shows a thickness of at least 200 feet of such rock. The 

note already made, under" remarks," in connection with No.7, is even more 

applicable to this rock. It is necessary further to call attention to the great thickness 

of this dense black rock. In that respect it resembles the outcrops on Piedmont 

avenue (Nos. 1966 and 1967), and, as an eruptive amongst clastics or as a surface 

lava, it ought to manifest considerable more variation in textUl'e. While, therefore, 

No. 48 is classed with Nos. 6C and 7, with the basalts, it should be noted that there 

are certain structural reasons, and some anomalies unexplained, as yet, which render 

that reference questionable, and which seem to point to an alliance with rock like 

No. 44, or Nos. 1966 and 1967, i. e., to the action of the basic eruptives on the black 

slates of the Animikie, and hence to a greater age than the Cabotian. 

Remark. Another section, made thin, shows that this rock is a micro-crystal

line basalt, in which there is still a considerable amount of isotropic glass. Among 

the minerals may be distinguished feldspar, augite, olivine, much magnetite, while 

an isotropic substance, probably resulting from glass, renders the whole slide very 

nearly dark between crossed nicols. N. H. W. 

No. 49. DIABASE (with ol'iV'ine). 

Duluth. Behind the M. E. church, between Second and Third streets, and Third and Fourth avenues 
west. 

Ref. Annual Report, ix, p. 18; Annual Report, x, p. 139; Proceedings American Association for the 
Advancement of Science, vol. xxx, page 162; Bulletin ii, p. 108. 

J.l!feg. A rather coarse diabasic rock, of black color; some of the feldspars are 

grayish and a very few inclined toward a pink color. 

Mic. The description of Dr. Wadsworth (Bulletin ii, page 108) is as follows: 

"The section is gmnitic in texture and composed of lath-shaped, somewhat kaolinized 

feldspar, magnetite, brownish augite, greenish pseudomorphs of serpentine after 

olivine bearing much magnetite, apatite, viridite, pyrite and quartz. Of these the 

only original minerals are the feldspar, augite, olivine and part of the magnetite." 

One section. 

Age. Cabotian; allied to the Beaver Bay diabase. U. S. G. 
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No. 50. LAVA. (Ve8icular.) 

Duluth. Next east of No. 41. 
Ref. Annual Report, ix, pages 17, 18. 

Meg. A reddish-brown, aphanitic rock with many vesicles which are in part 

empty and in part filled with calcite. The specimen also contains fragments of 

other rocks. A few small, red, porphyritic feldspars are also seen; dip, E. 10° S. 18°; 

extent about 150 feet. 
Mic. The section is very thick, but on its edges it can be seen to be made up of 

a transparent background in whic1;l are crowded specks and grains of a red material, 

probably hemat1:te. Where the section is thicker this red material renders it com

pletely opaque. Under a high powel' and in polarized light the background breaks 

up into a very finely crystallized aggregate of qnartz. It is possible that some of 

this background is feldspathic, but no feldspar could be determined. In small areas 

the red material becomes much decreased, or entirely lacking, and here the quartz 

is in larger interlocking grains. The few porphyritic feldspars seen in the slide are 

much altered, but seem to be orthoclase. While the original nature of this rock is 

not clear, it still seems likely that it was a highly vesicular, probably rather acid 

lava. 

One section. 

Age. Cabotian. u. s. G. 

No. 51. DIABASE. (PO?'·phy?·itic. ) 

Duluth. From a point, the next one beyond No. 50. Extends 200 feet. Sometimes rises twelve feet per· 
pendicular from the water. 

Ref. Annual Report, ix, page 18. 

J.l,I{eg. A fine-grained, brown rock made up of small, reddish feldspars, a dark, 

almost black, substance, and epidote. There are a few porphyritic red feldspars, 

and some larger areas with narrow, red periphery and dark interior. These latter, 

perhaps, represent large tabular feldspars which have been largely replaced by 

chlorite. One of these is three-fourths of an inch in diameter. 

Mic. The section is composed of small lath-shaped plagioclases, which are much 

altered and reddened. Between these crystals are quaJ'tz, magnetite, calcite, chlorite 

and some epidote. Apatit~ needles also occur in the rock. The most characteristic 

feature of the section is the large amount of quartz in distinct grains. This fills in 

the spaces between the feldspars, and occasionally a considerable area i· seen to be 

covered by quartz of like orientation; thus the quartz sometimes embraces the feld

spars poikilitically. One section has on its edge a part of one of the porphyritic 

feldspars. 'l'his is reddened, much altered and contains some chlorite and on the , 
edge of the section it passes into an area of almost pure chlorite. It thus seems very 

probable that the large black areas already mentioned in the hand specimen represent 
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feldspars replaced by chlorite, although we have no complete section of one of these 
dark areas. 

Two sections. 

Age. Cabotian. 

11,emarlc. The structure of this rock allies it with the diabases. The quartz is 

regarded as secondary. In almost every particular this rock resembles No.7. An 

analysis of No.7 is gi ven and there are also some remarks concerning the origin and 

nature of the rock. In the field this rock disintegrates into small angular pieces 

according to innumerable weather joints. U. S. G. 

No.5::!. BASALT (07' zil'kelyte). 

Duluth. Underlying No. 51, to which there is, in the field, a gradual transition, and overlying No. 53. 
This rock makes three heavy layers, or bed,.;, each bed being finely and closely basaltiform, the columns being 
set so as to cOD;;titutc layers running west 10° north, and east 10° south, from an inch to two inches in thickness, 
in position perpendicular to the heavy bedding. They were doubtless produced by the baking effect of No. 53, 
which comes on suddenly. 

Ref· Annual Report, ix, pages 18, 19; Annual Report, x, pages 109, 110. 

Meg. Apparently a dense, black diabase, contacting with cooler rocks. There 

is great uniformity of a pect in this rock. It shows in some parts a finely dissem

inated microlitic feldspar, and in others such feldspar is wanting entirely. It has 

much pyrite in isolated fine specks, and occasionally in form of a thin seam. 

'Afic. Sections made from this rock differ somewhat in fineness of grain, and 

in the amount of qUCt)·tz present, but they are essentially the same. In ome of the 

sections the feldspars are quite well formed, though small, the Ctugite can with some 

uncertainty be identified, <Lnd the magnetite and spongy pY1'ite are abundant, par

ticularly the former. There is a brown amorphous and isotropic glassy remnant of 

the magma which in the angles between the feldspars acts ophitically about them. 

epidote is gathered sometimes, in these coarser portions of the rock, in the pseud

amygdaloidal areas, and in other small areas quartz appears. Apatite crystals pierce 

the section in all directions. 

Other thin sections evidently come from more glassy portion '. The feldspaJ' 

crystallites are identifiable only occasionally as straight openings amongst the aggre

gated globulites of magnetite and augite( n 01' oli vine( n. When the section is highly 

magnified the magnetite globules appeal' crowdedly immersed in the glassy matrix, 

and occasionally are ranged so as to form fine thread-like crystallites. 

Between crossed nicols the sections are nearly dark const,antly, owing to the 

prevalence of the glassy magma. 

Three sections. 

Age. Cabotian. 

Rema1·k. Nos. 50, 51 and 52 are allied in the field and in petrographic charac
ters. The first and the last are coarser grained, and have much more quartz . No. 

11 
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51 lies between them. They were probably all cooled at or near the surface, and 

they show the volume of the basic and gla sy floods which occurred at or neal' the 

. urface in Cabotian time in the vicinity of Duluth. N. H. W . 

No. 33. DIABASE (1uith olivine). 

East Duluth. At the lake shore, N. W. ~ sec. 24, T. 50-14. Has a basaltic. tructure. 
R ef. Annual Report, ix, p. 19; Annual Report, x, p. 139; Bulletin ii, pp. 106, 107; American Association 

for the Advancement of Science, vol. xxx, p. 162. 

Following is Wadsworth's description: 

"This is microscopically a dark-gray, compact crystalline rock, showing lath

shaped feldspars. Microscopically the section is seen to be composed of a brownish 

augite, feldspar, olirine, 1J/agnef1"te, apatite, and various secondary products. The 

augite show the ophitic structure first described by M. Michel Levy,* and later by 

professor Pumpelly under the name 'lustre-mottlings.'t Attention has further been 

called to this structure ' by professors A. Geikie,t R. D. Irving§ and J. W. Judd. 11 

This structure consists of a large irregular area 01' various areas all belonging to the 

same augite or diallage individual and cut by lath-.'haped divergent feldspars. In 

one form or another this structure is very common in the diaba. es, and usually is 

the form of crystallization standing next to the granitic, in its coal' 'eness of tex;ture, 

or one step nearer the fine-grained basalts. Many of the preceding described rocks 

show the ophitic structure more or less perfectly, but not so well as this section. 

The olivine is altered for the most part to greenish, yellowish brown, brownish 

yellow and black serpentine, containing secondary magnetite sometimes marking the 

former olivine fi ssures. Considerable dirty green viridite and secondary apatite 

occur in the section, while some secondary biotite was observed in the vicinity of the 

magnetite. The augite in places has the secondary cleavage of diallage." 

A.r;e. Probably one of the Cabotian erupti yes of the Taconic. See 1'ernarks 

under No. 52, etc. N. H. W. 

No. 53A. DIABASE (1uith olivine). 

Duluth. Same locality as No. 53. 
Ref. Annual Report, ix, page 19. 

},{eg. A decayed, earthy condition of J o. 5B. 

No section. 

A.r;e. Cabotian. 

* Bulletilt Societe Geologi<.Jl/e (/f' France, 1877 (3), vol. vi, p. 156. 
t P"oceedin{js American Aca(/cmy Of Arts and SCiences, 1878, vol. xiii, p . 260. 
t 1'ran.m~lions Royal Society, Edinburgh, 1880, vol. x,xix, p. 495. 
\1 T he COPPe>"·Bearing Rocks, 1883, p. 42. 
II Qua,·terly Jounwl, Gl'o{O(fY Society, 1885, pp. 360, 361; 1886, p . 68. 

U. S. G. 
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No. 53B. DIABASE. (lJIoCl:ijiecl.) 

Duluth. N. W. ~ sec. 24, T. 50-14. From the longest rocky point; a part of No. 53, but here containing 
some flesh-red cry. Lals, making it resemble No.5. 

R ef. Annual Rcport, ix, page 19; Bulletin ii, page 107. 

l1fic. The section shows a rather coarsely crystalline rock quite similar to No. 

5, except that it seems to embrace more quartz. The grains of this quartz are some

times of considerable size. They are both irregular in form and also sharply angular. 

In the latter case the quartz embraces in an ophitic manner portions of the reddened 

feldspars and some of the greenish prod ucts of decay from other minerals. It also 

encloses apatite and maynetite. This shows it to be of later origin than these min

erals, but these minerals themselves, excepting, perhaps, the apatite, are not original , 

as shown by numerous observations already noted. While taking part, therefore, in 

the general transformation during the cooling process, quartz was the latest of the 

secondary minerals to take its pla,ce. The presence of quartz here, and not in most 

other cases of such change, is to be assigned, as in No.5, to the proximity of some of 

the clastic rocks which afforded it in connection with the general metamorphism 

resultant from the cooling period when hot, and hence silicified waters would have 

been abundant. 

The apatite has every appearance of being one of the earliest crystallizations. 

It is not only in the greenish and serpentinous grains resulting from change in 

pyroxene, and perhaps from olivine, but it is in the unchanged or comparatively pure 

pyroxene and in the feldspars, whether the latter be reddened or entirely fresh. Its 

spicules are large and persistent, and sometimes very long. Its sections, p81'pen

dicular to the pTincipal axis, are numerous and hexagonal. The fact, mentioned by 

Wadsworth in description of No.6, that apatite when" entirely enclosed" in sec

ondary quartz is probably of secondary origin, seems not sufficient to prove it so, 

but, on the contraTY, simply shows it was of earlier date than the quaTtz. In the 

section, as stated, while it is perhaps more common in the vicinity of, and embraced 

in, the secondary minerals, it is not confined to them. Some conspicuous spicules 
penetrate the freshest of the feldspars. Its prevalence in the decayed minerals IS 

probably due to its previous greater abundance in the pyroxenic grains. 

Biotite in small scales is rare in connection with the alteration products. 
Two sections examined. 

[Evidently Wadsworth's description assigned to No. 53B is of some other rock.] 
Age. Cabotian. 

Remcl1'ks. This rock resembles No.5. It thus connects No. 53 with the age of 
the great gabbro, or eruptive epoch, that closed the Animikie, and in that Tespect 
again points to the eruptive oTigin of the doubtful Tock No. 52 and its equivalents, 
as the surface expression of the gTeat Cabotian eruptive revolution. Compare the 
description of rocks Nos. 854G and 854aG, and the accompanying remaTk. N. H. W. 

, 
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No. 54. DIABASE. 

E ast Duluth. From a dike three and one-half feet wide, associated with others, cutting No. 53 in a direc

tion N. 50° E.., forty rods ea:;t of o. 53B. 
Ref. Annual Report, ix, page 19. 

jl,Ieg. A black, fine-grained diabase. 
J.1Iic. Lath-shaped feldspa),s occur imbedded III augite, alteration products of 

the same, and black opaque material, much of which is magnetite. 

One very poor section. 
Age. Probably Manitou. u. s. G. 

No. 55. ApORHYOL YTE. 

East Duluth. In the bite of a little bay, continuing half a mile, by the eoast, becoming broken and 
sl ightly amygdaloidal. It is r edd ish, angularly and finely jointed, sometimes a jaspery ·looking ro(;k; overlies 

No. 54; sometimes dips at GO° N. E. 
Ref. Annual Report, ix, pages 19,20; Bulletin ii, page ll8. 

M£c. This rock is like the red elements in No. 53B, but is finer grained. This 

remark applies to the gray, or slightly reddish-gray, portions, of which one section is 

examined. 
Another section, numbered 55, and evidently from that part of No. 55 which in 

the field description was considered jaspery, is almost wholly red, but had originally 

amygdaluidal spots which are now filled with qua )'tz having various orientation. 

Quartz is also otherwise widely disseminated. This is a finer-grained rock than 

the last, but evidently a portion of the same mass more altered. 

Two sections. 

Aqe. Cabotian. N. H . W. 

No. 55A. QUAR1'Z (li 'OIlI No. 5J in concretions.) 

Duluth. f:)ame locality as No. 55. 
R ef. Ann·ual Report, ix, page 19. 

jl,Ieg. A red-brown, very fine-grained, earthy rock, irregularly blotched with 

darker areas. Scattered through the rock are areas of quartz mixed with and sur

rounded by brick red material, which is a little redder in color than the mam mass 

of the rock. A few small porphyritic red feld pars are also seen. 

jl,fic. The section is very thick, but seem to show a rock essentially like No. 

50. The section show one area of coarsely crystalline qUCtl·tZ into which extend 

small prisms of a brown to black opaque substance, which in reflected light is red like 

the mas. of the rock. These prisms in outline and general relation to the rock and 
to the quartz remind one of the epidote crystals which are so common in such situa
tions, and it is not impossible that they are altered epidotes. There is, however, no 
trace of the original epidote substance in any of the prisms. 

One section. 
A,oe. Cabotian. 1 u. S. G. 
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No. 56. ApORHYOLYTE (?) 

Duluth. A coudition of No. 55. 
Ref. Annual Report, ix, page 19. 

149 

},leg. Almost exactly like No. 55A, except that the porphyritic red feldspars 

are more abundant. 

},fic. This rock is similar in general aspect to Nos. 50 and 55A, but the back

ground of the rock, instead of being composed of quartz in minute grains, is made up 

of larger areas of quartz holding the other materials poikilitically. The slide contains 

one small black mass which is composed of black granular material (magnetite), in 

which are a few feldspar microliths and one highly altered feldspar phenocryst . 

One section. 
Age. Cabotian. U. S. G. 

No. 57. DIABASE. 

East Duluth. Fl'oma dike cutting No. 56, which is said to be a condition of No. 55, running N. 5° E., four 
feet wide. 

Ref. Annual Report, iK , page 19; Final Report , i, pages 196- 199. 

Megasropically this is a brownish, dark, compact and fine-grained rock. 
}'/ic}'oscopically it is an ordinary diabase, consisting of lath-shaped plagioclases 

and pyroxenic element much obscured by change. }'1agnetite is abundant and hema

tite rare. 

One section. 

Chemicctl analysis. The following analysis was made by Prof. J. A. Dodge and first published in the 
Pinal Report, vol. i, pages 198, 199: 

Si0 2 

Al 20 3 -

F eO ( 
Fe 2 0 s ) 
CaO 
MgO 
K 2 0 
Na2 0 

Total 
The specific gravity was found to be 2.95 by one determination, and 3.005 by another. 

Age. Manitou. 
No. 57A. VEIN MATERIAL. 

Duluth. Just east of :roo 57, from another dike. 
Ref. Annnal Report, ix, p. 19. 

48.51 
13.79 

19.34 

8.34 
4.81 
0.19 
1.67 

96.65 

N . H . w. 

J.l1eg. 
material. 

}'/ic, 

A roughly laminated mass of quartz, calcite and a dark green chloritic 
Evidently from a vein. 

The sections show aggregates of calcite, ch!o?'ite, h01'nblencle (?) and 
finely crystallized q1ta1'tz, A considerable amount of ilmenite, largely altered to 
leucoxene, is also pres en t. 

Three sections. 

Age. Vein material in a Manitou dike. U . S . G. 
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[Porphyry to. Amygdaloid. 

No. 58. PORPHYRYTE. (Diabase.) 

Duluth. On the lake shore, a little west of the line between ranges 13 and 14. Extends 15 rods. Some

times rises in a bluff twenty-five feet high. 
Ref. Annual Report, ix, page 20. 

J.lf eg. A dark-brown, fine-grained rock consisting of small feldspars in a darker 

background. Porphyritic plagioclases, of a light-brown to pinkish color, are abundant. 

Minute bright red spots or stains are seen throughout the rock. 

.11Iic. This rock is quite similar to some already described (Nos. 7BC, 46). The 

large plagioclase phenocrysts are embedded in a groundmass which consists of minute 

lath-shaped feldspars in a mass of alteration products-magnetite, chlo1'ite, mlcite, 
• 

(PlCf1'tZ and red material (hematite) . It is not improbable, although not at all certain, 

that augite was originally present in the groundmass. There are some areas now 

filled by chlorite and magnetite which probably represent oriz-ine. A red hematite 

stain pervades the rock in places and extends into cracks in the phenocrysts. 

One section. 

Age. Cabotian. U. S. G. 

No. 59. AMYGDALOID. 

East Duluth; east of Tischer's creek; small outcrop in the shingle ofthe beach, having an apparent dip west. 
Ref. Annual Report, ix, page 20. 

l.leg. The amygdules are filled with gl'een epidote, white calcite and quartz, 

and the rock itself is porphyritic with red feldspars. It is also veined by quartz and 

epidote, making an attractive rock; contains fragments of a foreign rock, apparently 

a tuff . 

.111ic. The large reddenedjeldspaJ"s are sometimes zoned, and twinned polysyn

thetically. The microlites are adjusted to greenish areas, which have apparently 

resulted from a change of PY"oxene to chlo1·ite. The minerals are all stained with 
hematite. 

Age. Cabotian. N. H. W. 

No. 60. PORPHYRY'l'E. (Diauase.) 

East Duluth. From a little rocky point and round the bay immediately west of London. This 'rock 
forms a high and continuously rocky shore. 

R ef. A=ual Report, ix, page 20. 

Meq. Reddish-brown, finely crystalline, frequently jointed, hardly amygda

loidal or porphyritic, becoming amygdaloidal in patches and coarsely concretionary, 
containing nests of dog-tooth spar. 

111'ic. Lath-shaped j elclspa1's are abundantly distributed in an ophitic sur

rounding, which, while po. sibly originally pyroxene, is now a reddened secondary 

mineral which polarizes in the aggregate manner characteristic of a mineral wholly 

altered. The chloritic products usual after such a decay of pryroxene are almost 
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wanting. Hematite, and especially 11IClgnftite, have accumulated in these areas, the 

latter disposed in parallel bars, as if it occupied the spaces of former cleavage open

ings. Indeed in some places the prismatic cleavage of a pyroxene is simulated in 

the angles presented by these rods of magnetite. The feldspars are also sometimes 

somewhat colored by a hematitic powder, and usually are mu~h affected by incipient 

alteration, which renders it useless to attempt to further define them than to say that 

they are probably laurado1·ite. 

The pyroxene (? ), changed as above described, was a very abundant ingredient, 

on the supposition that the grains which embrace the feldspars ophitically, and are 

reddened by hematite, are of pyroxene. 

Oliv'ine, now wholly serpentinized so as to give a close, greenish, almost opaque, 

polarization, is quite common in this rock. r:J.1hese grains are uniformly embraced in 

a coating of magnetite, and sometimes they are colored within by hematite. 

One section. 

Age. Cabotian . 

Remark. The interesting feature about this rock is the fact that instead of 

chloritic secondary products, as a result of alteration of the pyroxene, the product is 

reddish and brownish, with very little and often no chlorite visible. It may hence 

be of the nature of a residuum of the magma. 

Duluth. Same locality as No. CO. 
R ef. Annual Report, ix, page 20. 

No . GOA. CALCITE. 

N.H.W. 

111eg. "Dog-tooth crystals of calcite which occur in a finely-jointed or brec

ciated condition of No. 60, which occurs suddenly, like a dike, extending up and down 

across the face of the bluff. This breccia is about twenty feet wide and the char

acters of No. 60 return on the east of it. " The crystals contain a considerable amount 

of impurities. The largest crystal is near two and a half inches in length . 

No section. 
Age. Calcite crystals in Cahotian porphyryte. 

No. GOB. AMYGDALOID. 

East Duluth. West of London. Same place as No. 60. 
R ef. Annual Report, ix, page 20. 

U. S. G. 

This is an amygdaloidal portion of o. 60. Besides abundant calcite the amyg
dules contain epidote, resinous garnets ( ?) and quartz. 

No section. N. H. W . 

No. G1. TUFF. (St6!J1IW?·ine.) 

East Duluth. Six rods west of a massive overh anging bluff, and at the eastern limit of No. 60, two feet 
thick, in a lot of thin bed. , with a definite dip of 24° in a direction N. 60° E. 

R ef . Annual Report, ix, page 20; Ameri can Geologist , vol. xviii, pages 211- 213. 

• 
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[Tuff. 

j1feg. Evidently a clastic rock of rounded and sub-rounded grains, in a thin or 

shaly stratification, some of the individual grains being lighter and some darker than 

the general tone of the specimen, which is a light brown, varying to a grayish, with 

a tint of green. Some of the larger pieces, which are also the darker ones, are 

apparently from some aphanitic rock. Ready effervescence follows the application 

of a small drop of hydrochloric acid. 
]fic. The rounded grains are of various composition, but the major part of 

them consist largely of fjIlCl1·tZ, perhaps mingled sometimes with a little mica and a 

little plagioclase. This quartz may be distinguished in tvvo categories: 

1. Clear limpid quartz, the grains apt to be somewhat angular, supposed to be 

a primary portion of the grit accumulated to form the rock; not common. 

2. Quartz derived from an alteration of volcanic glass. Thi appears in three 

conditions: 

(a) As clear quartz with a single orientation, constituting a border that sur

rounds a more or less confused and cloudy nucleus; some of the larger grains are of 

this character. 

(b) As quartz more or less clouded and flecked by minute opaque particles, such 

quartz occupying the whole area of a grain, and with one or with . everal orientations. 

(c) As microlitic or globular quartz, the minute globules not having crystal 

outlines nor clearly separate orientation, but crowded and grouped in the central 

parts of grains which (as in ({) have clear quartz in their peripheries, or in some 

other places. 

Calcite forms some of the rounded grains, some of it showing the peculiar, 

marked cleavage characteristic of that mineral. It is also sometimes as an important 

part of the devitified grains. 

Other grains are made up now of a greenish substance, probably some form 

of chlorite, which occasionally has a finely fibrous structure perpendicular to the 

circumference of the grain. This, however, is generally destitute of such a structure. 

It is but slightly less abundant than the silicified grains. 

Rarely a grain is simply gray, and semi-opaque, and its nature cannot be 
determined. 

j1fagnetite and pyrite (?) are not common, though a ferruginous dust which 

appears to be of hematite or of magnetite, is scattered generally through, not only 

some of the individual silicified grains, but more abundantly in the finer matrix. 

The most striking feature of the slide, as seen nnder the microscope, with a low 

power, is the non-resolvable nature of most of the grains, though sufficiently 
translucent to show light. 

Two sections. 
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Diabase. Basalt.] 

Age. Cabotian. 

Remm1,;. Two other sections, made very thin, show still further the volcanic 

origin of much of this rock. It consists almost entirely of devitritied glass and of 

rhyolitic fragments, the latter showing their fluidal structure and the former a 

spherulitic. ·The grains that remain irresolvable in a thick section are found to consist 

of a crowded aggregate of microlites which never darken as a mass, and give no 

separate polarization. Their sombre tint indicates that they consist largely of quartz 

and of feldspar. Some of the grains were evidently in the condition of granulitic 

guartzes embraced in a mass of apobsidian. Some still show such partial extinctions, 

the area of their sections being divided between several orientations. 

It is probable that this rock resulted from a sand of volcanic glass and a few 

fragments of augite. The parts are hardly sufficiently angular to be referred directly 

to volcanic explosive action. In many particulars it agrees with the volcanic breccia 

described by Gel>rge H. Williams from the Sudbury district of Canada,* but is rather 

a clastic accumulation than a breccia. 

No. 62. DIABASE (?) (Altend.) 

Duluth. Returns after No. 61; like No. 60, but bedded like No. 61. 
R ef. Annual Report, ix, page 20. 

]life.'). A very fine-grained, compact, reddish-brown rock. 

N. H. W. 

:JIic. Rock much altered and reddened as is usual. Section consists of very 

small lath-shaped feldspars and a confused mass of magnetite, hematite, chlorite, 

calcite and quartz. What was the original nature of the tock, aside from the feld

spars, is uncertain. Resembles No. 65. 

Two sections. 

Age. Cabotian. u. S. G. 

No. 63. BASALT (?) (Amygdaloidctl.) 

Duluth. Overhanging rock which, toward the east, becomes brecciated. 
R ef. Annual Report, ix, page 20. 

~Meg. A dark, much rotted, almost black, aphanitic, earthy rock with numerous 

small amygdules of chlorite, a few of quartz and less of calcite. Pyrite, in small 

crystals, is disseminated throughout the rock. 

No section. 

Age. Cabotian. 

No. 64. BASALT. (AmygcZaloicZal.) 

Duluth. In a heavy bed three feet thick. Overlies No. 65. 
R ef. Annual Report, ix, pages 20, 22. 

U. S. G. 

* Bulletin oj q.e Geological Society oj AmeTica, vol. iii, p. 138; Geological SUTvey oj Canada, vol. v (new series) , Part I. 
Appendix I, p. 75F, 1893. 
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Me.g. Almost identical with No. 63. 

No section. 

[Vein m a t ter . P Ol'phy r y te. Oalcite . 

Age. Cabotian. u. s. G. 

No. 64A. V E I N MATTER (/? '0 111 No. 6.4). 

R ef. Annual ReporL, ix, page 20. 

The specimen shows a vein about half an inch thick, largely consisting of calcite, ' 

but also containing purple and green flno1·ite. When collected this was also said to 

contain bOl'nite, and it can be distinguished still on the hand sample. 

Age. Vein in Cabotian basalt. N. H. W. 

No. 65. PORP HYRY TE (?) ( Di abase.) 

Duluth. E venly bedded, many jointed, forming bluffs of eighteen to t wenty feet, holding large calcite 
nodules. 

R ef. Annual Repor t, ix, pages 20, 21. 

llfeg. A brick-red, very fine-grained rock holding small, red, porphyritic plagio

clases, which are in part replaced by epidote and chlorite. These two minerals also 

occur in the rock in small irregular areas. 

illic. The porphyritic f elcls]J((1's are very highly altered, but in places show the 

remains of polysynthetic twinning lamellffi . The groundmass of the rock has the 

usual red color and consists of chlol'ite, magJl(dite, hpl1latite, calcite and qual'tz ; the 

~ast mineral is abundant and forms the ultimate background of the section, frequently 

including the other substances poikiliticaUy. In the groundmass are also microliths 

of feldspar. Many of these have no effect on polarized light and can be recognized 

only by their form, being now a mass of red material often penetrated by the adja

cent quartz areas. 

One section. 

Age. Cabotian. u. s. G. 

No. 65A. ·CALCITE. ( O?"lj8ta18.) 

[A large collection wa .· made of crystals from nodules lying nearly loose in cavities in No. G5. They were 
shipped at Duluth, but were never received at Minneapolis. j 

R ef. Annual Report, ix. page 20. 

No. 66. PORPHYRYTE. ( Amygclctl,oulal. ) 

A modification of, though probably overlying, No. 65. 
R ef. Annual Report, ix, page 21. 

N. H. W. 

Nbc. The reddenedjeldspa]'s, their very finely fenated matrix, the fineness of 

the texture, the prevalence of qUCI1·tz, a,s a background for the fine minerals of the 

matrix, and the quartz fillings of the amygdaloidal cavities, denote that this porphy

ryte was originally glassy, and would properly be styled zirkelyte. 
Age. Cabotian. N. H. W. 
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Apobsidian .] 

No. 67. ApOBSIDIAN. 

ear London [East Duluth]. Forms the point that is next west of the larger creek; continues thirty-five 
or forty rods, and is subjected to great upheaval and pre. sure. 

Ref. Annual Report, ix, page 21. Annual Report, x, page 141. American Association for the Advance
ment of Science, vol. xxx, pagc 16:1. 

Jlpg. A light red or pinkish specked rock,fine groundmasR and some porphytitic 

and amygdaloidal tendency, appearing as if a siliceous and shaly rock in masses had 

been embraced in it. Some of these fragments weather dark green, and some 

purplish red, or fawn color. It also ha' nests of calcite accompanied by fluorite. It 

appears like a confused, half-baked, pudding-stone-like rock, or flow breccia. Evi

dently a continuation of Nos. 65 and 66. 

llfic. The ground maRS of the rock is reddened by /LP1Jl(tiitp, and hardened by 

poikilitic qU((rtz, both being secondal'y products after ,r;lrt.'is. These, with much 

c(l lcitf!, are the only identifiable minerals. The quartz is sometimes grouped in 

interlocking clear grains in what may have been originally vesicles in the glassy 

mass, but in general it spreads through the whole slide, making a firm rock. 

Age. Oabotian. N. H . W. 

No. 68. ApOBSIDIAN. 

PLATE I,E'IG URE 3. 

Near London, ju.'t ea:;t of Duluth. A thin-bedded, red or pinkish, hard, condition of No. 67. 
R ef. Annual Report, ix, page 21. Annual R eport, xiii, pages 100 (No. 152), 102. Bulletin viii, page xxxiii. 

j1,Ie,c; . A brown aphanitic rock, with 'mall whitish to pinkish areas which 

represent porphyritic feldspars. The rock has a laminated appearance and readily 

splits along parallel cracks, in places splitting into leaves less than one-sixteenth of 

an inch in thickness. Between the lamimc are very frequently layers or veinlets of 
I 

quartz, sometimes of almost microscopic width, and sometimes nearly one thirty-

second of an inch in width. On a weathered surface these lamime produce the 

appearance of flow structure in a lava. 

.Mil'. The characteri tic feature of the sections is the presence of large, iITegu

larly outlined areas of qurtrtz which contain the oth81' materials of the rock poiki

litically. '1'he whole rock is made up of these poikilitic areas and furnishes a 

most excellent example of the micropoikilitic structure which is so common 

in the acid rocks of the Cabotian. Scattered all through the quartz are minute 

grains and specks which, eyen under a high power, are not clearly shown, of 

magnetite, hematite and a grayish, almost opaque, substance. The latter is brought 

out more clearly in polarized light, when it appears isotropic and gives to the section 

a blotchy" peppel' and salt" appearance. Although not now detenninable, it seems 

probable that this substance represents feldspar, now much altered, as is usual with 

the feldspar of the e rocks. In ordinary light the section show irregular blotches 

darker than the mass of the rock; these are areas more rich in the iron ores. 
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The p011JhY1'itic felclsp((?'s are highly altered and reddened and cannot be deter

mined specifically. Frequently the quartz of the groundmass has penetrated these 

phenocrysts, almost completely replacing them. In such cases the outline of the 

original grain is shown by the increased deposits of hematite. From the analysis of 

the rock as a whole ai ven below it would seem that these phenocrysts were a.nor-'0 , 

thoclase, 01' more probably a plagioclase rich in soda. 

In sections cut across the laminrn the quartz 1'einlets are very prominent. Most 

of them are not continuous for great distances, but rapidly decrease in size and dis

appear. They are recognized easily in ordinary light simply because in them the 

opaque (feldspathic ~) and iron ore areas are lacking. In the smaller ones the quartz 

is oriented similar to adjacent areas in the ground mass. But in the larger veinlets 

the quartz is rather coarsely crystallized, one grain extending across the veinlet, and 

is usually of orientation independent from the quartz of the surrounding ground

mass. In the larger veinlets there is sometimes on each side a narrow layer of clear 

quartz, then a layer of the feldspathic (?) material, and then the clear centre of the 

veinlet. 

Aside from the appearance of flow structure given to the rock by the veinlets of 

quartz, there are indications of flowage in other places, especially around some of 

the porphyritic feldspars, but this flowage is not pronounced. 

T'bree sections. 

Chemical Ana7ysis. The following analysis was made by Prof. J. A. Dodge, and was first published in 
the Thirteenth Annual Report, page 100 (No. 152): 

Si0 2 73.72 
Al 2 0 a 12.82 
F e 2 0 a 2.51 
FeO .22 
CaO 1.70 
MgO .35 
K 2 0 2.40 
Na 2 0 2.70 
H 2 O .94 

-
Total 97.36 

Age. Cabotian. 

R emarks. This rock is referred without hesitation to a de vitrified acid lava. 

It is very similar to the acid lavas, some of which are yet gla sy, found farther east 

on the north shore of lake Superior at the Great Pali ades and at Beaver Bay. .r os. 

140, 138, 139, 127 and 129 represent the e lavas from these localities, and the e rocks 
will be discussed more fully under these numbers. 

The origin of the quartz veinlets is uncertain. They may simply represent 

cracks in the rock or they may now take the place of old chains of spberulites. 

These veinlets much resemble such bands of spherulites from the South Mountain 

area in Maryland and Pennsylvania, and the slides were sent to Dr. Florence Bascom, 
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Diabase. L aum ontiLe and calcit'e .l 

of Bryn Mawr College, who ha carefLllly studied these South Mountain rocks, and she 

states that it is impossible...to reach any other conclusion regarding the rock in ques

tion (No. 68) than that it is an ancient acid lava. She also states that the thin 

seams of quartz are probably cross sections of the former layers of spherulites.* 
u. s. G. 

No. 69. DIABASE. 

Near London, forming a point next east of the mouth of the creek , and not more than six rods from it; 
by it>; position apparently overlying the last, cut by a dike, north 5° east, three feet wide. 

R ef. Annual Report, ix, page 21. 

111e9. A brown, compact, medium grained, scantily porphyritic rock, with 

epidotic linings in the seams. 

Jfic. The poor slide at hand only show that this is an ordinary diabase, with 

feldspathic microlites trachytically exhibited. The augite areas are converted to a 

greenish, probably chloritic substance, and the presence of original olivine can only 

be predicated on the apparently independent outlines of some of these greenish areas. 

In general the minerals are all reddened by hematite. 

A.r) P. Cabotian. N. H. W . 

No. 69A. LAUMONTITE A JD CALCITE. 

On the east of the dike cutting No. 69 this rock is roughly amygdaloid aI, but subsequently resumes its 
dense structure and thus continues more than half way to Lester river, cut by occasional dikes. 

R ef. Annual Report, ix, page 21. 

.Meg. With a layer of calcite, next the rock, a second growth of a brick-red 

mineral is deposited on the calcite. The latter is closely fibro -lamellar and fragile, 

but less so than is usual for laumontite. 

]JIlc. This red mineral gives gelatinous silica in boiling HCl, has low refrac

tion and low double refraction. Its cleavage plates, when examined in fine powder, 

frequently give an oblique optic axis, a,nd it has np in the acute optic angle, making it 

negative. Its angle of extinction with the principal elongation of the fibres is large. 

rrhese characters combined indicate laumontite. Its somewhat greater dura

bilityand darker red color are to be attributed to a copious cementation by infiltrated 

iron oxide. The sign of the elongation is positive, but as the angle of extinction 

measured on the elongation is about 25°, it is necessary to make that allowance for 

the position of the axis of elasticity.t 

Age. Cabotian. N. H . W. 

*Cf. an illustr a tion of apo l'hyoly t e w i th spheruli tes in layer s. F. Bascom: The ancien t volcanic r ock of Sou t h Moun
tain , P ennsylvania . U. S . Geo l. S'L7'Vf!Y, Halletin cxxxvi, pI. 10, 1896. 

t Ball. S ocitle de Mil1 el'alogie de P.rancp, vol. viii , 322. The student will fu,d h er e a useful classification of all zeolit.ic min· 
Bl'als according to their optic c ha racter s , followed by a t abulation of th eir diagnostic ch aracter s. The zeolites h aving n egat ive 
elon gation ar e those in w hich the sm aller index of r efraction <711', 0 ) is par allcl, 0 1' n earest pa r allel, with t heir gr eates t dimension, 
as deter m ined by t he easy cleavages. The direct,ion of this axis is easily obser ved by crushing fine a small quantity of the mineral 
an d observing t h e color s between cr ossed nicols wit h tho quar tz plate in ter posed w hen the miner a l and t he qu ar tz pla t e h ave 
their axesat45° f r om t h e principal direction s of t h e nicols. Ther e is a la ter and impr oved classification of th e zeolites in Lacr oix 's 
M ine1'a lof/ie de la F rance et de ses co lonies, vol. ii , 1897. In th e case of launlOn ti te th e axis ng is n ear er paraliel with the principa l 
cleavages and t h e elongation is norm ally p osi tive. 
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No. 70. AMYGDALOID. (Silicijiecl.) 

Near Lester river , on the west side, forming a prominent point or break in the coast line; overlies No. 69. 
R ef. Annual Report, ix, page 22. 

iller;. Apparently a fragmental rock, containing rounded pebbles (n of quartz 

with a dark fine-grained matrix in which is disseminated much pyrite in the form of , , 
cubes, as well as some calcite. 

ilfic. The matrix proves to be trachytic with./eldspcl?'s, which have independent 

tabular forms in the midst of the other minerals. The pyroxenic element, which was 

probably augite, is changed to secondary products, which are dark, in general, with 

mClgnetite. There are other areas which now gi ve a blue tint between the cro sed 

nicols (pennin e), which seem to have consisted of olicine. The rounded quartz areas 

are probably fillings of vesicular cavitie in the original rock. They consist of 

numerous interlocking grains of different orientation and sometimes are very fine1y 

granular. Other cavities are filled with cCllcite. 

Two sections. 

Age. Cabotian. N. H . W . 

No. 71. DIABASE. (Fine g'mined.) 

Near Duluth. Just west of the mouth of Lester river. Overlies No. 70. Continues but six or eight rods 
and disappears under the beach, and nothing appears again till at Lester river. 

Ref. Annual Report, ix, page 22. 

JJleg. A fine-grained dark brownish rock, composed of small feldspars and a 

darker material. Many of the feldspars appear pinkish. A very few small porphy

ritic plagioclases are present. 

illic. Small lath-shaped pl((gioclases and an abundance of augite and II/agnetite. 

The augite is largely still quite fresh . A hematite stain has penetrated the rock and 

is more abundant in the vicinity of the magnetite grains. 

One section. 

Age. Cabotian. 

No. 72. SANDSTONE. (PY1'oclastic g?·it.) 

Mouth of Lester river, east of Duluth, This river was called Passabika by Dr. Owen. 
Ref. Ann ual Report, ix, page 22. 

U. S. G. 

J.llPg. Apparently a granular clastic fine-grained rock, of a brown or reddish 

color, homogeneous and thinly bedded: The amygdaloidal structure does not per vade 

the sandrock, but it pervades the cement or rock which fills the angular openings 
between the pieces of the breccia. 

llIir. The section made from the clastic rock shows a fine grain, t he individual 
grains being both I'ounded and angular, and of different sorts. The most evident 
and conspicuous are angular limpid fragments of quartz. These are covered with 
a coating which is now stained as by hematite. Other grains which now consist 



~. 

ent 

Oil 

ual 

PETROGRAPHIC GEOLOGY AND DESCRIPTIONS. 159 
Amygdaloid. Diabase.] 

essentially of quartz, are secondary after glass. rrhey are rounded, and are dimmed 

by many inclusions of opaque substance. Still others are angular plagioclase frag

ments, their twinning being perfectly apparent by reason of the banded extinctions. 

These are embraced, over large areas sometimes, by calcite which like the Fontain

bleau crystals presents a single orientation. 

One section. 

Age. Cabotian. 

Remal'k. This rock may be compared with Nos. 17,24 and 30. It occurs as 

angular inclusions in a vesicular lava, No. 72A. The rounded outlines and the 

uniformity of size of the most of the grains seem to be due to beach friction, for it 

is hardly possible that such forms can be produced by volcanic explosive action. 

The grains of silicified glass are comparable with the matrix of some of the apor-

hyolytes of the region. N. H. W. 

No. 72A. AMYGDALOID. (Calcit·ic.) 

Mouth of Lester river, east of Duluth. The cementing material of the foregoing breccia. 
Ref. Annual Report, ix, page 22. 

Meg. A dull, much changed, fine-grained rock, containing amygdaloidal cavities 

mostly occupied by calcite. 

1J1ic. Minute tl'achytic feldspars are distributed throughout the matrix. The 

ferro -magnesian silicates are wholly changed to serpentinous or chloritic elements, 

which also fill certain amygdaloidal spaces. No calcite amygdules appear in the 

section. The chloritic amygdules are blue between crossed nicols, but sometimes 

have a green border surrounding the blue. 

Age. Cabotian. 

Remal'k. It is a common feature to find these clastic masses in the midst of 

the vesicular lavas of the region. It is as yet unexplainable. Such association may 

have resulted from the rupture of old clastic strata in the ejection and flow of the 

lava, or from cotemporary erosion and sedimentary action of the ocean's waters on 

the lavas of the same or nearly the same date as the amygdaloids in which they are 

found. N. H. W. 

No. 73. DIABASE. (Fine gminecl.) 

East side of the mouth of Lester river. Becomes brown along some of the joints, and in some large areas. 
Extends one and one-half miles, with a line of low exposnre. Runs under No. 74. 

Ref. Annual Report, ix, page 22. 

1Jleq. A fine-grained, compact, dark-gray rock. Small feldspars are the only 

crystals that can be distinguished . 

. Mic. The section is composed of small lath-shaped p lagiuclase in a background 

of Clugite, magnetite, plagioclase and some secondary products. In structure this 

rock differs some from the usual diabases. The lath-shaped plagioclases are not all 
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idiom orphic, and all gradations can be found from idiom orphic to granular plagio

clases; and with these granular plagioclases and between the lath-shaped crystals 

are grains of augite. Thus the augite is not in the usual plates common to diabases, 

and in that respect this rock has gabbroid characters. It would seem that after the 

usual lath-shaped plagioclases were formed there was still a considerable amount of 

feldspathic material in the magma which crystallized at about the same time, or 

perhaps slightly previous to the augite. A few areas of magnetite and chlorite are 

present which perhaps represent old olivines. The -augite, which is clear and 

colorless when fresh, has altered in places to a mme or less fibrous greenish substance 

which often can be distinguished as hornblende. There are also some small areas of 

yellowish or brownish pleochroic hornblende which may be the greenish grains cut 

in another direction, but these yellowish grains are not so distinctly fibrous as most 

of the green ones. All of this hornblende is probably secondary after the augite. 

One section. 

Age. Cabotian. u. s. G. 

No. 74. GRANITE. (Red.) 

Rock next east of No. 73, extending for some distance . 
R ef. Annual Report, ix, page 22; Annual Report, xiii, page 100 (No. 133), 102; Bulletin viii, page xxxiii. 

Meg. A brick-red, granitic rock of fine grain, composed of red feldspar and 

quartz. A few cleavage faces of feldspar one-tenth of an inch across are seen scat

tered through the rock, but the usual grains are much smaller than this. 

jJfic. Rock composed of feldspar and qucwtz, about two-thirds feldspar, which 

is of the usual red, almost opaque, variety common' to the acid rocks of the Cabotian. 

It rarely shows any effect on polarized light. Judging from the analysis of the whole 

rock, given below, we would expect the feldspar to be largely an01·thoclase. Some of 

the larger feldspars show evidence of an original zonal structure. The quartz is in 

rather large areas embracing the feldspars poikilitically, and often penetrating and 

replacing in part the feldspar grains. The rock furnishes a good example of the 

coarser micropoikilitic structure. The feldspar enclosed in the quartz has frequently 

a tendency to an idiomorphic development. A few areas of a dull brown, granular, 

isotropic substance, with dark borders, are present. These may represent an old 

ferro-magnesian constituent: Scattered abundantly .through the rock in grains and 

specks and stains is hematite, and the presence of this mineral is also clearly evident 
from the analysis. 

One section. 
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Chemical ctnalys·is. This analysis was made by Prof. J. A. Dodge and firs\' published in the Thirteenth 
Annual Report, page 100 (No. 1(3): 

Si0 2 

Al 2 0 s 
Fe 2 0 s 
FeO 
CaO 
MgO 
K 20 
Na 2 0 
H 2 0 

Total 

Aqe. Uabotian. 
No. 75. SCOl~IA. (Acid, volcanic. ) 

G5.5fi 
10.06 
14..40 

.23 

.96 

.73 
2.88 
2.25 
.86 

97.93 

U. S. G. 

Ea,;t of Lester river. S. E. 7.:i: sec . 34, T. 51- 13. At this locality there has been an unusual disturbance, 
the strata dipping in different directions, or at a high angle to the north, the strike being nearly east and west. 
This point cannot be far distant from an ancient volcanic crater. (See figure 109, page 576, vol. i v.) 

Ref. Annual Report, ix, page 22. 

JJleg. The rock varies from a brownish red amygdaloid to a flesh-red scoria, 

the latter represented by the samples examined. This is porous, and even spongy 

but the vesicles are elongated and flattened. Through the rock runs a considerable 

calcite in veins and patches. 

JJ1ic. The sections show that the rock consists essentially of devitrified glass 

and of glass, embracing vesicular openings. There are many crystallites which are 

apparently biaxial, a.nd others evidently of quartz though they do not exhibit 

hexagonal shapes. They are clear and quick to extinguish between the nicols. But 

these are embraced, frequently, in a substance which is nearly isotropic. Yet, 

between the nicols other faintly luminous spots appeal', indicating the arrested 

formation of other crystallites. In other words, the glass is but imperfectly devit

rifled. This fact is in keeping with numerous observations on the tuffaceous rocks 

of the region, in which sub-glassy grams have been seen distributed through a 

clastic mass. 

Two sections. 

Ave. Cabotian. N. H. W. 

No. 76. DIABASE (with olivine ancZ thalite). 

Directly overlying No. 75, interbedded in No . 75, but still ruu,; under No. 77. 
Ref. Annual Report, ix, page 22. Compare No. 91B . 

JJleg. Has a trappous aspect, contains laumontite amygdules and nodules of 

calcite and fluorite. 
J.l1ic. The aspect is that of an ophitic rock, the bright microlites of f eldspa)' 

being numerously embraced in some of the large {/ 'lI!Jites. There is no evidence of 

l:Ln earlier generation of augite. 
'rhe oliciJle is much crowded with magnetite accumulations, and in many grains 

is so lost that its form is the only remaining evidence of its former existence. 
12 
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In several ilTegulal'ly shaped areas occurs a finely fibrous, yellowish green 

mineral, which has much the appearance of that seen in o. 140 (7). It is in the 

form of undulatory and mammullated layers, the fibres of which are perpendicular 

to the layers and have parallel extinction and positive elongation. The name of this 

mineral is not yet determi.ned, but appears to be thali.te. The mineral referred to 

in No. ]40 (7) is much harder than thalite. 

One section. 
Ave. Cabotian. N. H. W. 

No. 77. AMYGDALOJl) (1ciih laumontite.) 

Overlies No. 7G. A coarse aUlygdaloid, with laumontite and calcite, containing some copper, wl'oughL 

sl ightly for copper at Ol1e time. Color, brown. 
Ref. Annual Report, ix, page 23. 

The fragile laumolltite ne ts are of various shapes and sometimes two inches in 

larger dimension, the fibres radiating from points; color, bght flesh-red. The fibres 

are optically negative, and have extinctions at 6° to 24°. The rock is a fine olivinitic 

diabase in which the augite preceded the feldspar and was then cOlToded. 

One section . 

• 1.1(" Cabotia,n. 
No. 78. DIABASE. 

Forms the bite of Crystal bay ea t of Lester river. Bluffs fifteen to twenty feet in hight. 
R ef. Annual Report, ix, page 23; Annual Report, x, page 38. 

N. H. W. 

Mev. Firm, brownish red, much jointed, disintegl'ating and falling in large 

masses, weathering light red or pinkish; containing nests of calcite cr.ystals. 

]Iic. The section shows a fine-grained diabase now considerably altered and 

impregnated by iron oxide, , apparently both magnetite and hematite. The plagio

clase laths are usually still distinct, though clouded. One of the 'e, cut nearly per

pendicular to the axis of lea, t elasticity, gave an extinction angle of 21 °, indicating 

Irlbmdo1·ite. Secondary qUCl1'tz in small grains is common. There are some pseud

amygdaloidal areas filled with chlorite and quartz. 

One section. 

JJge. Cahotian. . S, G. 

No.7 A . CALCITE. (Cr?Jstals/rom No. 78.) 

R ef. Annual Report, ix, page 23. 

These nests are ometimes eighteen inches across, but generally less than ten. 

The forms are sometime, peri€ct, with double terminations. They are impacted i.n 

a fine red clay, which doubtle, s has infiltrated through the loose rock from the 

surface above, where a continuou sheet of the same reel clay covers the country. 

N. H. W. 

, t 
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No. 79. PORPHYRYTE. (Arnygdaloidal.) 

Eastward from Crystal bay, similar rocks extend for a mile or more. These are brownish or black and 
basaltiform outwardly, and are doubtless a continuation of No. 78, though exhibiting in the field considerable 
variation of dip and of structure. They are sometimes compact and sometimes amygdaloidal, and are associated 
with fragmental rock in a confused manner, the latter being brecciated, and transversely and falsely bedded 
like some sand rocks. The bluffs are generally low, three to ten feet, with interruptions. 

Ref. Annual Report, ix, page 23. 

No section. 

Age. Cabotian. N. H. W. 

No. 80. PREHNI'l'E. 

From the old copper shaft about a mile up French river. This mineral fills and lines numerolls cavities of 
various ramifying shapes, in the rock No.8!. Rolled pieces of this mineral are found in the gravel of the beach, 
and metallic particles of copper are frequ ently embraced in them::· 

R ef. Annual Report, ix, page 23. 

Meg. This prehnite is associated with another form of gangue, both carrying 

metallic coppel'. This form of the gangue is a siliceous rock of a light, reddish-brown 

color, apparently fragmental, which, according to the field descriptions, runs in irreg

ular veins and crevices in No. 81. It is hard, like a quartzyte, and dense, but it 

plainly embraces fine grains of a darker mineral than quartz. The rock has a color

banding which is somewhat flexuous, simulating a fluidal structure, suggesting the 

silicification and otber devitrification of a glassy eruptive. 

}'Iic. On making a thin section of tbis peculiar gangue rock, it is seen to be a 

fragmental rock, consisting very largely of rounded fragments of prebnite, qualtz, 

epidote ( ~) and of devitrified glass, with an abundant deposition of secondary quartz. 

Some of the glassy fragments are hardly devitrified, but remain dark constantly 

between the nicols. They occasionally take the forms of elongated shreds and 

strings, and show a rhyolitic structure. 

Two sections. 
Jigp. Uabotian. 
R emark. This rock seems to illustrate, in its origin and manner of OCCUlTence, 

the clasolyte of Wadsworth. (Report of the State Board [Michigan] of Geological 

Survey, for the years 1891 and 1892, page 130). N. H. W. 

No. 81. DIABASE (with olivine) . 

Banks of French creek, froUl the lake shore northward for about half a mileor more. 
Ref. Annual Report, ix, page 23. 

Meg. A dark, fine-grained, heavy rock. 

illic. Ophitic, with ((ugite and /eld.;prl1', the olivine grains being fine and of 
a reddish brown color. Biotite is also brown and quite abundant. Some of the 
vesicles are filled with ca lcite and some vvith chlorite of the variety pellnine, judging 
from the bluish interference color between crossed nicols. 

One secbon. 

*For an account of this mining entE:l'pl'ise, se" JIt/lllt'so/a IIi ,,/ul'i('ut Collecliu"", " vI. ii, p. UH, b~ H. 1\1. H I (;~. 
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Aye. Cabotian. 
RelJla}'k. This rock undergoes variations between the lake shore and the old 

French River mining location, becoming amygdaloidal, and also in other places 

finer grained, even aphanitic, as if it had been glassy. Of two sections made from 

the rock at the old mine, on the veinings of which prehnite forms coatings, one is 

permeated with }JI'phllite, as well as having small vesicles that are completely filled 

with the same mineral. N. H. W. 

No. 82. DIABASE (with olivine). 

French river, one half mile from the lake. An amygdaloidal portion of No. Sl. 
Ref. Annual Report, ix, page 23. 

Meg. A dark browni h rock of very fine grain. Contains amygdules of laumo

tite, prehnite and a dark mineral (chlorite). '}'he rock also has small indistiuct 

black areas, which are probably largely of chlorite. 

JJIic. The section is almost exactly the same as the first section described under 

No. 81, and so needs no further descriptions. The feldspars are perhaps a little 

larger than in No. 81. 

One section. 

Age. Cabotian. u. s. G. 

No. 83. DIABASE. ( Alte?·ed. ) 

French river. 
Ref. Annual Report, ix, page 24. 

Meg. There are two hand specimens. One is a dark purplish rock, similar to 

Nos. 81 and 82. It contains amygdules, veins and geodic cavities of prehnite. The 

other hand sample is part of a geodic cavity filled with coarsely crystallizedlaumon

tite and some prehnite. Part of the rock surmounting the geode is present; this is 

similar to the other sample, but i redder and decayed. 

JJlic. The section shows a rock which ,vas undoubtedly originally very similar 

to Nos. 81 and 82, but is now highly altered. The outlines of the small lath-shaped 

j'eldspa1's are sharply preserved, but the whole rock, except the areas of iron ore and 

some opaque substances, has been replaced by p}'ehnite. From the hand sample, 

which is apparently quite fresh, one would not suspect that so profound a change 
had been wrought in the rock. 

Two sections. 

Aye. Cabotian. u. s. G. 

No. 84. AMYGDALOID. (LLGWnontitic.) 

A mile and a half up l!~rench ri vel'. Allied to Lhe series of trap,.; and amygdaloids already deseribed at 
this place. 

Ref. Annual Report, ix, page 24. 

No section. 

Age. Cabotian. N. H . 'v. 
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No. 85. DIABASE. (Goa1'8e.) 

Two miles up French ri vel'. 
Ref. Annual Report, ix, page 24. 

Meg. Considerably shattered and deeply decayed, but evidently one of the 

heavier surface flows or sills of the region. 

Mic. A coarse ophitic structure is at once apparent. Olivine is only shown by 

the usual independence of the areas that now are filled with the products of decay. 

Magnetite, qnartz, chlorite are conspicuo~s . 

One section. 

Age. Cabotian. N. H . W. 

No. 86. DIABASE. ( AmygclalouZaZ. ) 

French river, two miles from its mouth. 
Ref. Annual Report, ix, page 24. 

Meg. A dark brownish, medium-grained diabasic rock containing a few small 

amygdules of chalcedony and fjua1·tz . 

No section. 

Age. Cabotian. 
No. 87. DIABASE. 

French river, three miles from its mouth. 
Ref. Annual Report, ix, page 24. 

U. S. G. 

},{e,q. A fine-grained diabase with some black blotches, which are pseud-amyg

dules of chlorite. 

lIfic. Lath-shaped feldspars, augite, magnetite, hematite, chlo1'ite and alteration 

products. The chlorite forms pseud-amygdules. Probably some olivine was origi

nally present. 

One very poor section. 

Age. Cabotian. u. s. G. 

. No. 88. OLIVINE DIABASE. 

S. w. ;4, sec. 10. From the round point which bounds Sucker bay on the west. 
Ref. Annual Report, ix, page 24. 

Meg. Fine-grained, dark and heavy trap. 

111ic. The feldspars are microlitic and ophitically embraced by the augite, 

which in some cases encloses ten or fifteen of them . The olitine is in small grains 

and much changed to a fibrous substance which is usually green, but which becomes 

so charged with iron that it is also largely opaque. 

One section. 

Age. Cabotian. 

Remark. The coarse diabases Nos. 85 and 87, and the gabbroid characters of 

No. 73, are believed to be due to the greater proximity, both areally and chronolog-
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ically, of the chief gabbro mass which lies further north. The lavas and clastic rocks 

along the shore seem to be the more distant representatives of these coarse diabases. 

How many of the surface outcrops of these coarse rocks away from the lake shore, 

belong to sills, and how many are of massive surface flows, there is at present no 

way of knowing. N. H. W. 
No. 89. DIABASE. 

Just east of the creek crossing sections 9 and 10, east of the mouth of French river, and neal' Sucker bay. 
Ref. Annual Report, ix, page 24; Annual Report, x, page 36. 

Meg. A massive, homogeneous, fine-grained diabase-like rock, non-amygdal

oidal, but having large geodic concretions of calcite, with an interior of laumontite. 

The joints, as seen in the field, are lined with a mineral Norwood styled heulandite. 

Compare Nos. 515 and 516. 
Jfic. An ophitic diabase of the usual charactel's, lath-shaped feldspars,pY1'oxene 

much changed, magnetite, olivine, hematite, chlO1'ite, a little qU(tJ'tz. 

One section. 

Age. Cabotian. N. H. W. 

No. 90. DIABASE (with olivine, cow·se). 

From the east point of Sucker bay; a mao sive, heavy bedded, dark rock, sloping up from the water's edge, 
similar to Nos. 1 and 49; continues to Knife river; also forms Knife island,.;. 

Ref. Annual Report, ix, page 24; Annual Report, x, page 139; Proceedings American Association for the 
Advancement of Science, vol. xxx, page 162; Bulletin ii, page 99. 

M.eg. A rather coarse-grained, granular" sugary" appearing rock, which is made 

up of plagioclase, weathering white, and black materials. 

Mic. The following is Dr. Wadsworth's description (Bulletin ii, page 99): 

" One section is composed of numerous grains of olivine and masses of augite 

arranged inegularly in the feldspar which is sometimes in aggregations of crystals, 

and sometimes in divergent lath-shaped blades dissecting the augite. The feldspar 

contains the remains of an included globulitic base, so commonly seen in the 

plagioclase of modern basalts. 

"The olivine is much fissured and more or less altered to a greenish serpentine. 

Greenish and yellowish brown secondary products, showing aggregat.e polarization, 

are common in the section. In another section of the same rock the feldspar 

contains much of the altered globulitic ba,se, while that mineral is largely in rounded 

and tabular aggregations of crystals. The olivine is here altered, not only to the 

greenish serpentine, but also to a brownish yellow form." 

Two sections. 

Age. Caboban. U. S. G. 

Rema1-lc. This, perhaps, is in continuation of the coarse diabases Nos. 85, 87, 

and they are probably all closely related with the great gabbro mass seen at Duluth. 

N. H. W. 




