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PLATE X.

Fic. A.

(Sp. No. 32273. Natural size.)

. Photographic reproduction of the weathered surface of a variolite. Thisbrings out very clearly
the mammillated surface of the rock, which is due to the differential weathering of the varioles and
of the groundmass between them. The rounded character of the varioles, and their gradation rrom
those of very small to those of much larger size can readily be seen. (Desc., p. 108.)

Fic. B.
(Sp. No. 32273. Natural size.)

Reproduction of the polished surface of a variolite. This is designed to show the circular
character of the varioles, and the fact that each is separate and distinet from the one adjoining it.
It can be seen that some of the varioles have very dark and others much lighter centers. (Desec.,
p. 108.)
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PLATE XI1V.

IDEALIZED STRUCTURAL MAP AND DETAIL GEOLOGICAL MAP, WITH SECTIONS, TO SHOW THE DISTRIBU-
TION AND STRUCTURE OF THE HURONIAN ROCKS IN THE VICINITY OF CRYSTAL FALLS, MICHIGAN.

Idealized structural map of the vicinity of Crystal Falls. An attempt has been made to
illustrate upon this map the distribution of the Hurounian rocks, and at the same time our conception
of the general features of the structure of this area. The drainage is merely introduced for the
purpese of orientation. The topography as here represented does not agree with the true topography
of the area. The bottom of the geological basin now occupies, as the result of erosion, the highest
places topographically.

Detail geological map, with sections, to show the distribution and structure of the Huronian
rocks in the immediate vicinity of Crystal Falls. This serves as a key to the accompanying idealized
structural map.
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IRON-ORE SHIPMENTS OF THE WESTERN HALF OF THE L. FALLS DISTRICT, GIVEN IN TONS OF 2,240 POUNDS.
| 1 ‘ | LT e w
‘ I i I ! | 1 | "hni Fvﬁ";"‘{f of :::rx- Amonnt N
Name of mine.  « Location. Operated hy— 1882 | 18S3 | 184 | 1885 1sse 8 | 1880 | 1890 | 1se1 | 1se2 | 1608 | 1804 | 1895 | 1596 | 1S | 1898 |, onier g M B
| [ | ! district to
; | | ! date. | ment.
(PR T ASTT R R BRI A | B s | cas fe..ne.e. | e e 48, I Ehe gt - IRl R ‘» .......... 76,460 | 1889 | 47,775 | Armenia (Smith).
NESE.30ec- 19, L. BN, R IZW..ouicucuaamimaninnans ‘C]aireMiningCo.............. | 1 RS L cwssss| 55,000 | 57,851 b 9,612 e ABETR ' .......... } -------------------- et 121,063 | 1802 | 57,351 | Claire*
NW.3 NW.3 8603, T.48N., B.32W..ooeeromnennnnnnrnns] HOron Iron Coen.voerenn.ne.. ) 11,385 60,138 | 70,770 | 57,682 | 22,426 ’ 0,000 | 70867 | gn,202 | a0 e 484,100 | 1806 | 87,202 | Columbia (1. Union; 2. Sheldon & Schafer).
| Lot 3,80¢.20, T.43 N, R82 W ...oeemeriionaonannns P L e L ORI ] R R, R g A S ' .......... | .................... flovhci cas s 1,341 | 1882 | 1,841 | Crystal Falls.
smm'gm.n,-r.aN..nszw..........-...‘........{corﬁg.n.ncxm.y&CO............_...........:......... MEEREE Wy S ! .......... j .......... S l 14,387 ' 44,526 | 95,210 | 128,283 286,331 | 1898 | 128,23 | Crystal Falls.
3 £ R TR s | AT ) ... NE.3 SW.3sec.24, T.42N. R.33 W........ L it e o o b s SR - 2 e 8410 | 508 | 9,80 | 17684 | 59 SR S IPCH S SRR PO IR SR AR DRI PR S 38,246 | 1886 | 17,684 | Delphic.
P HER e M AT BTN 1 T s sasass] NWad BB §900.3, TAI R B8 'W o tonerissonasacanisnsn Dunn Iron Mining Co ........ l. ‘ \ 1 im.szs 156,053 | 162,721 | 138,845 | 58,261 .eoierenee | 90,886 | 47,081 = 81,062 = 49,381 1,025, 679 |‘ 1891 | 162,721 | Dunn.
Great Western (Iron Star)-..oce.meeeneemsemnn. NE.2SW.386c.21, TAS N B2 W oeeoeemmeaaniennnes | Iron St8r Coeeeneneennnzeeeans | ose7 | 285 | 20,722 oo 25,725 | 8451 7,710 | 62,464 | 67,467 BT | e i } .............................. 375,742 | 1892 | 87,487 | Great Western (Iron Star).
Hemlock.......... ST O AL [ NW.35W.2000.4, T.dd NaR.3BBW . ooceeicnananennninnss Pickands, Mather & Co..eeezulveeessaneslionmeeanns Ca¥sl - bacocc o e 35,881 | 65,450 | ILIB feniaen. 1,046 | 05,767 = 96,032 | 60,863 375,028 | 1507 | 96,032 | Hemlock.'
BB - SO N L BT NI R | SR T L O ey (W [CYIICURR S S e = 2020 | 1,087 | 1,00 el 4,008 ‘ 1800 | 2,020 | Hollister. g
' NE.1SE.380c.27, T.43 N, R.32 W..oooouneennns 2 f : Lo £ HEETR oy ER L B 17,818 i 1892 | 15,543 | Hope (1. Blaney; 2. Wauneta).
............................... | Lot 6, NW.3 SE. sec.20, T.43 N, R.32 W B 91,620 | 51,130 | 26,226 | 42,810 140,871 '; 1892 | 42,819 | Lamont (Monitor).
........................................ VT 0h 38 TE BN, BB W 1o e ot ot b e d e Eksmmme st Tt s o U S W B o 2,844 | 1892 | 2,844 | Lee Peck.
Lincoln (FAirbanks) ... .o-oosseeeeesmnssnneens| Wl SW.3 860,21 To 43 Noy RB2W -ovevunnmmsnmmsmmmennns | 8131 | S N 1,818 | 26,020 45,174 | 1802 | 26,020  Lincoln (Fairbanks).
Manhattan (South Mastodon) ez uoeeeeoeeeeaan. NE 38R 300013, T 2N RO W.ciecoaooamonman-s ,' : | 4,008 R e L L R 8,204 | 1880 4,006  Manhattan (South Mastodon;
Mansfield (Caledomia)f. ... cooooe ... e NW.3NW.4 5020, T.43 N, B3I W oevrnmennennnns vesn-! De 8oto Mining €0 .eevvvveerilonrnnnen. SN B - &R 18,508 | 49,836 | 60,250 306,845 | 1893 | 60,558 | Mansfield (Caledonia).i
NERNRONNONS o8 C == 2 otk i S S h o o Sl Ay BEJNE. 3 060. 10, TN, BiB8 W o vn e e soshusnns suanmsms Mastodon Iron €O weuennnnnnn. 8,477. | 18,677 | 18,020 | 11,737 g 41, 640 03 | 3,086 | 06,550 | 45,370 i 9,150 425,200 | 1890 | 66,530 | Mastodon.
Michigan Exploring C0.eee.|ees.ece--. LALE o RS Y ST e | N A s 5 it 1,792 | 1885 | 1,071 | Michigan.
6,515 | 5,97 | 1,652 | 2,87 | 13,938 | 82,700 | 62654 | 45.435 | 18,300 222,371 | 1890 | 62,654 | Paint River.
6,108 | 15202 | 8848 |..c.......| 25638 | # \ 7,47 44,460 ‘| 3,705 l .......... l ....... 158,890 | 1690 | 44,460 | Youngstown.
ol (O B S S 2 NI P IR W S T L LU 1 LR et A " 42,180 | 70,864 | 06.019 | 23,05 ’ms,m ; lm,m 546, 040 !m,m | 586,070 | 220,640 l 12,900 | 184,000 | 274,570 | 286,610 |33 | 4,036,648 ...l ‘ Total.
* Previous to 1891 Claire and Youngstown products were quoted 1€ : to Youngstown, though they were about equally divided.
t Lower Huronian. Only productive Bessemer mine in Crystal Fal®™ <
MON XXXVIi—face p. 186 o
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PLATE XIX.
Fic. A.

(Sp. No. 32756. Without analyzer, x 90.)

Photomicrograph of fractured quartz phenocryst from a rhyolite-porphyry. It includes num-
berless liquid inclusions, which diminish in quantity as the distance from the plane of fracture is
increased, thus indicating their close connection with the fracturing of the quartz. The fracture in
the quartz phenocryst continued into the groundmass, as may be seen on the left-hand side of the
figure. It has been healed with secondary quartz. (Described, p. 82.)

Fia. B.
(Sp. No. 32914. With analyzer, x 47.)

Photomicrograph of a section of rhyolite-porphyry, designed to show the rhombohedral part-
ing, which is very common in many of the quartz phenocrysts. (Described, p. 82.)
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PLATE XXII.
Fic. A.

(Sp. No. 32732. Without analyzer, x 18.)

Aporhyolite showing beautifully developed perlitic parting. The perlitic eracks are brought
out clearly by the chlorite which has accumulated in them. (Described, p. 87.)

F1e. B.
(Sp. No. 32732. With analyzer, x 18.)

Aporhyolite showing perlitic parting, when viewed between crossed nicols. The gronndmass
resolves itself into a fine-grained mosaic of quartz and feldspar, showing microgranitic characters.
The perlitic parting is thereby almost completely obscured. (Described, p. 87.;
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PLATE XXIII.
Fia. A.

(Sp. No. 22953. Without analyzer, x 38.)

Rhyolite-porphyry rendered schistose by crushing. Granulation of the feldspars and the result-
ing production of schistose aggregates of secondary quartz, feldspar, and sericite is here shown.
The two large areas shown near the center of the figure were formerly occupied entirely by feldspar.
The greater portion of this has now become altered, mere remnants of the original remaining. This
secondary aggregate has especially well-developed parallelism. (Deseribed, p. 93.)

Fia. B.
(Sp. No. 32726. With analyzer, x 18.)

Photomicrograph of aporhyolite-porphyry breccia showing the fractured character of the
quartz and feldspar. Certain portions of the section show the perlitic parting, with aceumulations
in these areas of chlorite. (Described, p. 93.)
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PLATE XX1Y.
Fi1c. A.

(Sp. No. 22968. Without analyzer, x 18.)

Schistose rhyolite-porphyry with well-developed flowage structure. A feldspar phenocryst
which has been more or less rounded by erushing, occupies the center of the figure. There is also
shown in the upper left-hand quadrant of the figure a small crushed quartz phenoeryst. (Described,

p.93.)
Fi1e. B.

(Sp. No. 22968. With analyzer, x 18.)

When the section represented in fig. 4 is viewed between crossed nicols, the erushed character
of the feldspar phenocrysts is thereby well brought out. The minutely granular echaracter of the
groundmass is also well shown. (Described, p.93.)
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PLATE XXVI.
Fia. A.

(Sp. No. 32541. Without analyzer, x 18.)

Fine-grained amygdaloidal basalt. The only recognizable original constituent in the ground-
mass is the feldspar in mierolites which most commonly fringe out at the ends. They are not infre-
quentiy arranged in sheaf-like aggregates. These are best seen with high-power objectives., The
major portion of the groundmass consists of a fine felt of chlorite, with minute grains of epidote. It
is considered to have resulted from the alteration of a vitreous base. The amygdules consist of calcite.
(Described, p. 99.)

F1c. B.
(Sp. No. 32541. Without analyzer, x 35.)

Portion of section from which fig. 4 was taken viewed with a high power. Inthis the sheaf-like
aggregates of feldspar can be seen. (Described, p. 99.)
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PLATE XXVIII.
Fia. A.

(Sp. No. 32909¢c. Without analyzer, x 35.)

Photomicrograph of section of fine-grained basalt with well-developed igneous texture. The
feldspar outlines are now occupied chiefly by flakes of muscovite and grains of zoisite. (Described,
p.127.)

F1G. B.
(Sp. No. 32909c. With analyzer, x 35.)

Photomicrograph of the same section when viewed between crossed nicols, showing the obliter-
ation of the igneous texture. The lath-shaped mineral is muscovite, (Described, p.127.)
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PLATE XX1X.
Fia. A.

(Sp. No. 32582, Witheut analyzer, x 38.)
¥

Photomicrogrsph showing the normal igneous texture of a basalt. The area formerly oceupied
by the feldspar substance is now occupied by a granular aggregate of various minerals. (Described,
Pp-127.)

F1c. B.
(Sp. No. 32582, With analyzer, x 38.)

The same section of basalt when viewed between crossed nicols. The only indication of an
igneous texture is shown by the amygdules present. The igneous texture of the rock is completely
concealed as soon as the aggregates occupying the feldspar areas break up into their constituent grains.
(Deseribed, p. 127.)
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PLATE XXX.
Fia. A.

(Sp. No. 33313. Without analyzer, x 38.)

Photomicrograph of a section of basalt from a pyroclastic showing in ordinary light a distinctly
amygdaloidal character. The alteration of the basalt has, however, reached such a stage that the
groundmass materials have for the most part been completely altered, with the production of porphy-
ritic rhombohedra of calcite and plates of muscovite, which may be seen in abundance in the lower
right-hand side of the figure. (Described, pp.129,145.)

Fia. B.
(Sp. No. 33313. With analyzer, x 38.)

Photomicrograph of the same section of basalt, showing in ordinary light a distinetly amygda-
loidal character when viewed between crossed nicols. The igneous texture is almost completely oblit-
erated by secondary products. The secondary calcite and muscovite stand out very sharply from
the very fine grained groundmass. (Described, p.129.)
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PLATE XXXII.
Fia. A.

(Sp. No. 23645. Without analyzer, x 35.)

Perlitic parting in a fragment from a basalt tuff. The perlitic cracks are marked by accumu-
lations of epidote grains. The remainder of the fragment consists of an exceedingly fine chlorite
felt, with here and there a small feldspar microlite embedded in it. This was probably a fragment of
basalt glass. (Described, p.138.) k

F1c. B.
(Sp. No. 23646, Without analyzer, x 35.)

Photomierograph of a section of basalt tuff. The illustration shows the sickle-shaped bodies
which are characteristic for the fine eolian-deposited volcanic ejectamenta. (Desecribed, p. 142.)
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PLATE XXXIYV.
Fic. A.

(Sp. No. 23746. Without analyzer, x 17.)

Contact product of a granite. This muscovite-biotite-gneiss (?) is the result of contact action
of a granite upon a graywacke. Complete recrystallization of the sedimentary rock has taken place,
with the production of a porphyritic schistose structure. The large porphyritic muscovite plates
seen as white areas in the photomicrograph evidently represent the last products of recrystallization,
as they include all of the minerals which have been previously formed. They are possibly to be
looked upon as the product of mineralizers, to whose action may also be referred the presence of
tourmaline, which occurs in the section. The irregular white areas represent quartz and feldspar.
Dark greenish-brown biotite is included in the muscovite, and with irom oxides occupies the areas
which in the figure are dark. (Described, p.197.)

Fic. B.
(Sp. No. 23226. Without analyzer, x17.)

Photomicrograph showing the brecciated character of the matrix which is at times found between
the ellipsoids in the ellipsoidal basalts. In this specimen the schistose character is not so marked
as it is at times. (Described, p.117.)
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PLATE XXXV.
Fia. A.

(Sp. No. 26059. Without analyzer, x 18.)

Photomierograph showing an eruptive contact between granite and metamorphosed sedimentary
rock. As a result of this contact the elements of the granite have become partly automorphic. The
center of the figure is occupied by a quartz phenocryst which is partly surrounded by the schistose
metamorphic produet. It contains, near the edge, grains of feldspar and flakes of mica, and thus an
imperfect poikilitic zone is produced. The mineral constituents of the metamorphosed sedimentary
are arranged parallel to the contours of the phenoerysts. (Described, p. 198.)

Fic. B.
(Sp. No.26059. With analyzer, x 18.)
The same section as the above, viewed between crossed nicols. (Described, p. 198,)
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PLATE XXXVIIIL
Fia. A.

(8p. No. 32826. Without analyzer, x 3%.)

Photomicrograph illustrating the passage of spilosite to a desmosite. In the npper portion,
especially in the upper left-hand corner, of the figure, chlorite aggregates similar to those illustrated
in fig. B, P1. XXXVTII, are seen. These become united, and thus there is a passage into the banded
produet. This banded character is well shown iu the lower half of the photomicrograph. (Described,
p. 207.)

F16. B.

(Sp. No. 23755. Without analyzer, x 90.)

Occurrence and alteration of bronzite in bronzite-norite. This illustration shows the way in
which the bronzite oceurs in the bronzite-norite. It is frequently included in the hornblende. The
bronzite alters around the edges and along the cracks to a yellowish-green fibrous serpentine mineral,
which is represented in the seetion by the dark fibrous material next to the unaltered bronzite. This
secondary mineral then alters to a scaly aggregate of tale. These two secondary products can be
seen bordering tha bronzite, especially well where it is traversed by a crack. (Described, p.238.)
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PLATE XXXIX.
Fia. A.

(Sp.No.23321. With analyzer, x 35.)

Photomicrograph of a section of biotite-granite from the center of a dike 5 feet wide. On the
borders of the dike the magma has erystallized as a normal mica-diorite without quartz and orthoclase.
(Described, p. 226.)

Fia. B.

(Sp.No.26023. With analyzer, x 35.)

Mica-diorite showing tendency toward an ophitic texture. Plagioclase is the most antomorphic
mineral. Biotite is next, but it is poorly developed. Orthoclase and quartz fill irregular areas
between the plagioclase. (Described, p. 231.)
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PLATE XL.

Fic. A.
(Sp. No. 32643. Without analyzer, x 35.)

Quartz-miea-diorite-porphyry. The phenocrysts of feldspar and quartz stand out clearly from
the fine microgranitic groundmass. Mica phenocrysts are not seen in this fignre, which is intended
chiefly to illustrate the character of the feldspar phenocrysts. Muscovite ‘has resulted from their
alteration. The zone which surrounds the altered center is very fresh, and is rendered poikilitic by
inclusions of minute grains ot quartz. (Described, p. 229.)

Fia. B.

(Sp. No. 32643. With analyzer, x 35.)

Quartz-mica-diorite-porphyry. The same section, viewed between crossed nicols, The micro-
granitie texture of the gronndmass is well shown. (Described, p. 229.)
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PLATE XLI.
Fic. A.

(Sp. No. 23320. Without analyzer, x 18.)

Porphyritie poikilitiec hornblende-gabbro. The brown hornblende occupying the center of the
phenocryst grades over into a dull-green hornblende. Feldspar and pyroxene are included in the
hornblende. (Described, p.241.)

Fia. B.
(Sp. No. 23344. With analyzer, x 18.)

Hornblende-gabbro showing a poikilitic texture. The tendency of the feldspars toward a lath-
shaped development is very evident. Were they lath-shaped the texture would agree with the Lévy
definition of the ophitic texture. (Described, p.233.)
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PLATE XLII. :
Fia. A.

(Sp. No. 23754. Without analyzer, x 38.)

A moderately fine grained hornblende-gabbro showing parallel texture. This hornblende-
gabbro occurs in dikes cutting the coarse forms of hornblende-gabbro. The specimen shows very
clearly the parallel texture rather commonly found in sections from these dike rocks. This texture
is best developed nearest the contact, and is presumed to be a flow texture. The chief mineral
constituents—plagioclase, hornblende, and mica—can be readily distingnished in the section.
(Described, p. 244.)

F1a. B.

(Sp. No. 23754, With analyzer, x 38.)

The parallel texture in the hornblende-gabbro 