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their general character. In general the heave in any one does not
appear to be above a few feet, though the aggregate may be consider-
able. The faults seem in general to be nearly parallel to the well
marked, nearly vertical joints. These are quite conspicuons in the
Cumberland Point conglomerate and run N. 5° K., magnetic. The
question arises in connection with the nearness of the Cumberland
Point conglomerate to the Greenstone range whether this proximity is
due to the thinning of the intermediate trap beds, or to the dropping
out of the uppermost of them, so that the Cumberland Point conglom-
erate may represent also some of the conglomerates cut in drill hole No,
XTI, or whether we have an unconformable overlap of a more recent
formation, the thinning being due to greater erosion. Now there are
some reasons for believing that all three of these explanations are parti-
ally true. The conglomerate contains numerous trap and amygdaloid
pebbles, and even occasional agates such as oceur in the traps. But dis-
missing the question until we take up the south half of the island, we
see that it will be safer to estimate the general thinning of the formation
from lower horizons, rather than from the assumption that the Cumber-
land Point conglomerate represents the same horizon as the conglomer-
ate on the shore of Siskowit Bay.

Lieaving the west end of the island and sailing along the northwest
coast, we see that we are following very nearly the strike. The large
ophite which comes just above the Huginnin porphyrite may be seen
rising and falling, sometimes at the crest of the ridge and leaving room
for some smaller amygdaloidal beds beneath it,—the thompsonite amyg-
dules of which are abundantly collected on the beaches,—and again
coming down to the water’s edge. Small gaps in the coast seem to
indicate faults, and at Todd Cove this front range is broken through.
At Todd Harbor it forms Wilson Point, the outer protecting point of
the Harbor being a very coarse ophite, the augite patches being 2-3 cm.
in diameter. On certain parts of this point, e. g., Sp. 16022, 1480
paces N., 650 paces W., in Sec. 10, T. 65, R. 36, there are good illus-
trations of the coarser feldspathic and porphyritic streaks which are a
feature of these coarsely lustre mottled ophites, or galbros as they
would be called by mauny. Most of the exposures around the harbor are
of ophite, but the point between I'lorence and Pickett bays at 1150 paces
N., 10 paces W., shows a contact at its northeast end with some sedi-
ment and a well defined dip of about 32° to the southeast ( Fig. 26 ).
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The attitude of the various joints also indicates about this dip. The
exploratory work of the Isle Royale Land Corporation we have already
described. Continuing southeast from the costeans, along a trail which
runs diagonally across Sec. 13, T. 65, R. 36, we pass over a compara-
tively flat highland, with occasional henches, and outcrops of ophite
whose occurrence and the coarseness of whose grain we have taken into
account in locating the Greenstone on our map. It is not until we have
reached the east section line of Sec. 24, in the same township, where
the trail turns and runs south, that about 1580 steps N. of the 8. E.
corner we find & coarse diabase porphyrite with occasional large por-
phyritic crystals, a bed which appears to be above the Greenstone, and
to correspond with that which passes through Double Island and Wash-
ington Island. Continuing south, the last outcrops, which are most
extensive and characteristic, are from 530 steps to 430 steps north of the
corner, and are typical porphyrites of the Ashbed type, with occasional
round green balls, with amygdules often large and irregular, with shells
of quartz, some white radiated mineral (prehnite?) and datolite
(Sp. 16002-16005).  The partly empty cavities show at times copper
cerystals,  Continuing along the coast from Todd Harbor we see gaps in
the ranges running nearly north but a little east and probably indi-
cating faults. On Hawk Island we get a bed of sandstone representing
one of the conglomerates of drill hole No. XII in our geological column,
which gives a reliable dip of 26° toward S. 32° K. Neither the bed
above nor that below the sandstone is distinetly mottled. The lower
one contains some amethyst. The sandstone is dark chocolate colored
and there are boulders of conglomerate on the island. Below the sand-
stone is a bed of trap more than 50 feet thick containing some amethyst
and above it another more than 30 feet thick.

Coming to MecCargoe Cove we encounter the largest break on the

island. Artificial exposures of the Minong trap on the west side and
natural ones on the east side give a good opportunity to estimate its dis-
placement, and all the ridges clear through to the south side of the island

appear to be shifted. Immediately to the west of the entrance of the

cove the Huginnin porphyrite is well exposed, showing that we have
on the whole followed along its strike, and preparing us to meet the
Minong trap, which is here found to be at a proper distance from it.
(See cross-section G-I, Pl XIIL). I have already described the

Minong mine.  On the cast side of the cove I was able to find no trace

———
T T Lake Suprrior
CROSSSECTION OF LOCKE POIXNTY
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of the Minong porphyrite, though exposures are numerous,—another
indication of the fault. Though the Huginnin porphyrite is not
exposed on the east side of the cove, judging from the big mottled
ophites which overlie and underlie it on the west side and are assumed
to correspond with similar beds seen on the east side of the cove
(which, however, is rather an unsafe deduction, as there are a number
of similar beds at this part of the series), the east side is thrown north,
as appears also to be the case with the Minong trap, but farther south
the throw seems to be the other way. Amygdaloid Channe' nay repre-
sent one of the lower conglomerates, but no sign of the hottom felsite
has been seen here. '1he dip, however, is high as indicated by the joint-
ing of the traps, and also by a thin bed of sandstone on Amygdaloid
Island.  The south side of Amygdaloid Channel has a very well
marked terrace, and most of the exposures are of mottled melaphyres,
ophites.

Coasting on, the Minong trap is again found, as indicated on the
map and eross-section A-B, Pl. XIII, and in Blake Point we meet
again the Greenstone, which has been tracked by a series of cross-sec-
tions, and proved continuous from the other end of the island.

Sections over Blake’s Point show that it is skirted by the porphyrites
on its south flank, as indicated on the map and cross-section C-D, PL
XIII. Near the west quarter post of Sec. 13, T. 66, R 34, we find a
valley, and exposures of conglomerate which we take to be equivalent in
horizon to the red sandstone in drill hole No. VIII, 337 (=1524 feet
of the column)

§ 4. Southern rock exposures.

On the south side of Rock Harbor we find outcropping on the island
sandstone and conglomerates, which indicate that we are near the top
of the Lower Keweenawan, and as the maps show, the south side of the
head of Rock Harbor is lined with an alternation of sandstones and
traps which appear to be tolerably continuous bands, and though, in
view of the number and exact resemblance of the sediments on the one
hand and the traps on the other and the gentle but variable dips, and
variations in altitude, I can hardly hope to have connected all the iso-
lated outerops exactly, yet many of them have been quite continuously
traced and the general arrangement cannot be far wrong. It is very

noteworthy that while on the north side of the harbor the ridges show
27
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no sign of disturbance, near the head of the harbor on the south
side the dips are very flat, at times not over 4°, and the strike, while of
course difficult to determine with precision with such flat dips, veers
around from southwest to sonth. This is not due to a mere flattening
of the dip toward the center of the Lake Superior basin, for when we
come to Chippewa Harbor we find the dips as steep as ever (cross-sec-
tion G-H, Pl. XIII), but the strata appear as though wrapped over
some large mass below. This suggests either that there is an intrusion
below or that we are on the flanks of an old voleanic focus. As con-
firming these suggestions, we find on following the shore, that the traps.
dip lakeward all around the protrusion of the coast from Conglomerate
Bay to Chippewa Harbor (Plate XIV), and that parallel to the dip are
numerous apparently intrusive sills. These are a very curious feature,
as they run almost as regularly as beds and are extensive and thin.
Near the Saginaw Mine there are four such thin belts. Sometimes they
are only an inch or two thick and I gather from them and from certain
seams of indurated red clay, which near the trap is epidotic, the impres-
sion that the igneous action was submarine, and that it was as easy for
the lava to intrude itself into the mud or to split np a previous sheet, as
it was to flow out directly beneath the sea. Moreover the associated
sandstones are very often fine grained and not conglomeratic.

At the entrance to Chippewa Harbor and hack of the neck where the-
fishing station is, there is well marked faulting, and from there on to
the middle of Siskowit Lake there is more evidence of fanlting of con-
siderable throw, than elsewhere on the island. The throw at Chippewa
Harbor is given by Foster and Whitney as 971 feet ‘“in a linear direc-
tion” (i. e. horizontally?). The little cove on gection 19, T. 65, R. 34,
about two miles southwest of the harbor, shows also a throw, and near
the mouth of Siskowit Lake the conglomerate is apparently thrown—
by the McCargoe fault—directly in the way of the amygdaloids. The
exact contact is not exposed, as there is an interval of about 300 feet.
between the nearest outcrops. Comparing the exposures around Sisko-
wit Lake with those around Rock Harbor, it is evident that, toward
the southwest the traps are running out. For on the south side of the
west end of Siskowit Lake there is a ridge of conglomerate much thicker
than any around Rock Harbor that is equally coarse, and the breadth
of traps above the range of melaphyre porphyrite is obviously much less.
It would therefore be quite natural to suppose that the irregular rela-

Vou. VI, PLaTte XIV.

GEoLoaGIcAL SURVEY OF MICHIGAN.

VIEW FROM ROCK HARBOR LIGHTHOQUSE, LOOKING SOUTH.
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tion between the conglomerate and volcanic series on the north side of
Siskowit Bay is due to the disappearance of the traps or to an erosion
unconformity, and the fact that the conglomerate is made up of pebbles
of basic as well as of acid voleanics, plagioclase porphyrites, amygda-
loids, diabases, ete., red carnelians, agates, and other secondary quartz
pebbles, would strengthen the latter conclusion. But on the other
hand the fact that the abnormal contact comes immediately in a line of
disturbance, and the further fact that the supposition of an uncon-
formity would involve an almost overhanging cliff, are arguments in
favor of a fanlt contact, and the traps seem too thick south of the head
of Siskowit Lake to disappear so suddenly. The shore of Isle Royale
for the rest of the way westward is conglomerate and sandstone, and Point
Houghton is made up of a great series of sandstones dipping at a con-
siderable angle,—from 15° to 22°,—whereas along the north side of
Siskowit Bay the dips are flatter. All around the bay there is a very
prominent jointing nearly perpendicular, but inclining a little so as to.
dip to northwest and striking between N. N. K. and N. E. This joint-
ing is thus very nearly parallel to the direction of the fault we have
supposed. Another interesting feature is found on Hay Point in the
shape of a large calcite vein striking N, 63° E., and dipping 25° to S.
E. In other words its strike is very nearly that of the formation, but
the dip is somewhat steeper. This is very much like the calcite vein
also mentioned by Jackson and Foster and Whitney, near the entrance
to Rock Harbor (F. & W., loc. ¢it., p. 82) and indicates a kind of motion
which is very difficult to detect, i. e., fanlting along planes near the
bedding. Turning now a back glance upon the region around Chip-
pewa Harbor, we see that

(1) In increasing thickness of individual beds,

(2) Inlonger duration of the igneous action as indicated by unusual
development of the upper part of the series,

(3) In greater disturbance by faults,

(4) In the presence of sheets apparently intrusive (and I may mention
here that about 60 steps north of the southeast corner of Sec. 27, T. 686,
R. 35, there is a small intrusive dike following various joints), there are
indications that we are here at the nearest point on the island to an old
focus of eruption.



CHAPTER IX.

CHEMICAL PROBLEMS.

§ 1. General chemical character of the series,

The chemical interest of the rocks of Isle Royale gathers mainly, in
the first place, around the variation in the character of the melaphyres,
and secondly around the processes of concentration by which the copper
has been formed.

The red distinctly felsitic rocks are, as we have said, comparatively
rare, except as pebbles in the conglomerates. Investigations into their
chemical character may thervefore be more profitably postponed until we
can consider them in their original beds, e. g., in connection with
the felsites of Keweenaw Point. There are, however, at least two
beds on Isle Royale, beside the felsite at the extreme bottom of the
series (whose outcrop would be at the bottom of the lake), which belong
to the felsitic series, namely the upper Minong bed which is at times a
porphyry of the orthophyre series, at other times more of a felsite
porphyrite or oligophyre,—the other, the Huginnin porphyrite with
much more pronounced and conspicuous porphyritic oligoclase erystals
or phenocrysts. Leaving these and a few doubtful beds out of account,
the rest of the series is composed wholly of beds whose essential mineral
composition is similar. They have a plagioclase, some augite, altered
olivine, and in some shape the iron ores. They are thus all entitled to
be classed as melaphyres.

§ 2. Variation in the chemical character of the melaphyres.

There is a wide divergence in character among these melaphyres, a
difference obvious not merely microscopically but to the naked eye, cor-
responding to the difference between the melaphyre ophites and the
melaphyre porphyrites which we have already described. As we have
said, the melaphyre porphyrites are lighter colored, incline to have a
smoother, more conchoidal fracture and to be more pronouncedly por-
phyritic, through clusters of feldspar crystals. When they are coarse
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grained they are much more conspicuously feldspathic, the angite being
hardly recognizable. The amygdaloidal pores are liable to be but partly
filled and then often with analcite or guartz, while in the ophite they
are generally completely filled with caleite, prehnite, laumonite, ete.
Under the microscope, in the porphyrites the augite appears much less
in quantity than in the ophites, and very often idiomorphic, the feld-
spar is oligoclase more often than labradorite, but the olivine is more
couspicuous.

Now let us seek what chemical fact these differences express. Analyses
I-1IV are from the most typical bed of the Ashbed diabase porphyrite
type, while V, VI, VII, are from a bed of intermediate character that
occurs immediately above the former, and below the first scoriaceous
conglomerate, which corresponds to Marvine’s bed No. 44. Comparing
these with other analyses of some of the more ophitic of the Kewee-
nawan rocks (VIII-XIV), including one of the Greenstone, we see that
the variation in the two types is not dependent on a great change in the
percentage of silica. But I have already called attention to the fact
that there is a greater abundance of augite in the lower part of the
upper bed which manifests itself also in the size of the grain (p. 146).

There is, as we can see, a slight but uniform and perceptible increase
in the amount of silica accompanying this differentiation and disappear-
ance of augite, but obviously this is not the distinguishing feature and
it is a stretch of langnage to speak of the one type as more basic than
the other, in spite of the fact that macroscopically the augitic type looks
very much more like what we are wont to call basic. The essential
factor is the variation in the amount of lime (Ca0) and soda (Na,0).
We know that the olivine crystallized out at a very early stage, while
the magma was still quite hot and in motion, but the differentiation
does not seem to be due to any settling of the olivine to the bottom. In
fact the olivine is more conspicuous, and the magnesia (MgQ) quite as
abundant in the upper part of the flow. The olivine seems rather to
have been more strongly attacked at a later stage, the more calcareous
the residual magma was.

On the other hand, the presence of porphyritic feldspar clotted
together (glomero-porphyritic) and consisting of oligoclase, is charac-
teristic of these rocks, and such differentiation as we find indicated by
Ss. 15515-15523 may be explained by supposing that we had originally,
a magma containing so much soda (Na,0) that oligoclase, which is less
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This we
are inversely related, the more of one, the less of the other, and the more

Analysis VII, which is an

ophitic rock carrying labradorite, has only a shade less silica than
Now it must be remembered

p seated magmatic changes for their
This is perfectly plain in study-

It may well be that the change which produced the group took

To this we can reply that the change from melaphyre

porphyrite to the ophites involves no marked increase in potash (K,0),
The lime and the soda are however very significant.
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One other question suggests itself. May the peculiar character of the

relations of ophites and porphyrites be due to the intermixture of the

<O
=]
(o]
g
=
=]
0
[<bd
jo)
)
-3
o
feb]
o
<=
7]
<
o
<
=
_
wn
o5
st
=
B
=
jol
o
<
Q4
<5
=y
=
o
<
=
a\m
=
&gy
o
o
=
o]
=
of
@
=
+
=
vO
“

ture, was early formed and rose to the top until the percentage of soda
*Or does the state of the iron determine the character of tke weathering?

was so reduced as to form a more stable mixture, in which the lime and
soda were in such proportions as to make labradorite, and the lime so
abundant as to make augite the last silicate to form, while in the upper
pronounced character, so that it seems probable that we should not look
nor in silica (S10,), as would be expected if the character of the former
The total amount of iron does not vary much and the relative propor-
tions of ferrous and ferric iron appear to be mainly dependent on the
that three of these analyses are of samples from the same flow, and traces

bed, but in many beds of somewhat varying habit, and of more or less
place while the magma was yet in the earth, even though in such cases
as Ss. 15515 to 15523 the differentiation has continued even in the indi-
vidual flow (See pp. 145-151).

analyses IIT and IV, where the augite is in small idiomorphic prisms.
The alumina (Al,O;) is distinctly associated with the soda in variation.
state of the weathering, the green chloritic rocks having the more fer-
.of a similar change in character may be seen in numerous other flows.
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of the best marked horizons in our series and occur not merely in one

to any surface conditions, but to dee

were due to admixture of a felsitic magma.
soda there is, the less augite there is.

ing the first seven analyses made for me.

two magmas?
rous iron.*

fusible than labradorite, and therefore could form at a higher tempera-
tures.

zone the sodiferous character of the rock was accentuated.
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Immediately at the npper and lower contacts the character of the rock
cannot be so well made out, but appears to be intermediate. But about
a third of the way from the bottom the feldspar appears most bagic and
the augite most abundant, while at an equal distance down from the
top of the flow, feldspar and feldspar phenocrysts continue very abun-
dant and oligoclastic (e. g. Ss. 15490-15501, 15509-15512). )

From rocks like Lawson’s malignites (Bull. Geol. Dep. U. Cal. 1, 12,
p. 887) and from the normal felsites, these melaphyre porphyrites are
separated by a high proportion of soda to potash, though the per cent
of silica is very similar. These melaphyres have also much more iron.

§ 3. Concentration of copper.

The second point of chemistry which I would like to mention, con-
cerns the concentration of copper. The general paragenesis of the cop-
per in the Keweenawan, having been fully considered by a previons
Michigan geologist ( Pumpelly, Vol. I, Pt. IT, Chap. II1), need not be
repeated here.

A recent paper by H. L. Smyth is however of such interest as to
deserve remark here, especially as it might otherwise probably be over-
looked. An abstract is as follows:—(Science, Vol. III, No. 59, Febru-
ary 14, 1896.)

Basing his theory upon the paragenetic series worked out by Pump-
elly (loe. cit.), he calls attention to the fact that the earlier minerals
which preceded the copper are mainly chlorite and non-alkaline hydrous
silicates. The later minerals ¢ are alkaline, and are close contempo-
raries of the copper. Among them are apophyllite (a fluorine mineral),
and datolite (a boron mineral).”” From the conditions of formation of
the separate flows and the intercalated conglomerates, each flow after
consolidation was immediately subjected to surface weathering and
later buried. The earlier non-alkaline minerals were, he conceives, pro-
duced by this surface weathering, the alteration progressing from top to
bottom in each individual bed.

¢ Afterwards came the northerly and northwesterly tilting, and the
formation and filling of the fissures, and the impregnation and partial
replacement of the amygdaloids and conglomerates. The new minerals
of this period are sharply separated from the alteration products of the
first which they often replace, by their richness in alkalis, and the pres-

ence of fluorine and boron. The two periods therefore are far separated
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in time as well as by the character of the chemical agents at work, and do
not, as Pumpelly supposed, represent a continuous march of alteration.”’

Prof. Smyth concludes finally that the copper was not derived from
overlying sandstones nor from the traps themselves, but from a deep
seated source, and that it was transported by ascending solutions, and
probably precipitated as Pumpelly had suggested.

Now as bearing on the argument of this paper we may remark that the
universal, and with rare exceptions, complete alteration of the olivine,
even in these deep drill cores, lends weight to Smyth’s theory that part
of the alteration was independent of the present surface of the ground.
Moreover, as we have seen, for a considerable thickness of the geological
column there is no debris that cannot be considered of local origin, so
that it is perfectly possible to suppose that the flows from near the bot-
tom of the series to about the time of the Island Mine conglomerate were
sub-aerial. The presence of fluorite also is another point which would
tend to confirm his theory as to the action of fluoriferous and boriferous
solutions in the mineralization of the beds. But on the other hand I
confess I cannot believe in the great interval and wide gap that he sup-
poses between the later copper-bearing and earlier silicates. 1f there is
one mineral with which the copper is more particularly associated than
with others it is prehnite, which is not boracic, nor does it contain
fluorine so far as I know. Datolite is fairly widespread, but by no
means a necessary accompanist of the copper, while apophyllite and anal-
cite are rather curiosities than otherwise, and are said to occur on
Keweenaw Point more in the upper levels, which is hard to understand,
it they are of deep origin. Moreover the copper is undoubtedly more
abundant, the more decomposed the rocks are, and the whole micro-
scopic appearance is that the prehnite is as much a decomposition as an
impregnation mineral. Moreover, as will be seen on reference to the
geological column, the analcite seems to be especially associated with
the more sodiferous melaphyre porphyrites of the Ashbed type. The
presence of beds of strongly contrasted chemical character seems to
favor the accumulation of the copper, and if the copper is of deep seated
origin it is hard to understand why we should not see more traces of it
close to veins in the basic sandstones of the Upper Keweenawan. Far-
thermore we find copper associated with the Triassic traps of the Atlan-
tic coast, which are chemically similar, though so different in time and
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place of origin. I must therefore believe, without denying that deep
seated thermal waters may have had a share in the process of concentra-
tion, that the copper is in the case of the Keweenaw traps derived by a
process of lateral concentration. And, moreover, the fluorine and boron
that are present are not more abundant, one would think, than might
easily be accounted for by derivation from the original traps and the
vapors immediately associated with their eruption. It is noteworthy
that boron minerals are more abundant than minerals of fluorine, which
corresponds to the fact that basic beds are more abundant than acid, for
boric exhalation and minerals have long been known to be associated

with eruptions of basic rock, and fluorine exhalations with those of the
siliceous rocks.

CHAPTER X.

DIABASES, PROBABLY KEWEENAWAN, INTRUSIVE IN THE
HURONIAN.

§ 1. Introduction.

It seems to be proper to single out for presentation now from among
my descriptions of the rocks of the iron-bearing series, the publication of
which has been delayed by various causes, that group which in all prob-
ability is the intrusive equivalent of the rocks whose descriptions make
up the bulk of this volume—I mean the pipes and necks leading to the
Keweenaw flows. It will be instroctive to thus contrast the deeper
seated and surface types, just as Iddings has dome for the rocks of
Sepulchre Mountain and Electric Peak. Since, in comparison with
most of the rocks of the Huronian, they are not dynamometamorphosed,
cut the formations up to the base of the Eastern sandstone, and are
chemically nearly allied with the Keweenawan traps, the latest series of
dikes found cutting the rocks of the iron country have always been con-
sidered as intrusive equivalents of the Keweenawan.* As such, there-
fore, they are equivalent to the intrusive ‘ Logan sills ¥ and accom-
panying dikes described by Lawsont from the north shore of Lake
Superior, the latter standing in the same relation to the Isle Royale
rocks, that the former do to the rocks of Keweenaw Point.

Inasmuch, therefore, as the general petrographic descriptions, of
which these were a part, have been so long delayed in publication, and are
not yet in immediate prospect of appearing, while monographs XIX and
XXVIII which have been recently issued by the United States Geological
Survey make their issue without considerable revision inadvisable, for
many descriptions would be superfluous and many references should be
inserted, the description of this particular group may well be incorpo-

*Geol. Surv. of Mich.,, Rominger, V., 1893, p. 6; Seaman in Wadsworth's report of the
Sta.tvseiGGgologist for 1891-1892, p. 139; Bayley and Van Hise, 15th Annual Report, U. 8. G. S.
D. , 644.

tLawson, Bull. No. 8, Geol. Survey of Minn. Also American Geologist, vii, 1891, p. 153,
Also ef. Wadsworth, Bull. 2, Minn, Survey, and Mon. XIX, U. 8. G. S. p. 349,
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rated in this vclume to give an opportunity for contrasting superficial
and deeper-seated forms of basic igneous rocks. There has been great
confusion in times past between these kinds of rocks, which still contin-
ues. The American Geological Railway Guide speaks of copper being
found in a great trap dike on Keweenaw Point, and, as we have seen,
N. H. Winchell and I differ as to the presence of trap dikes on the
north shore of Isle Royale (p. 150). Again, in the Minnesota Bulletin
No. 8, on the Logan sills just mentioned, we find Lawson challenging
the statements of various authorities as to the existence of diabase flows
in the Animikie.

§ . Use of term diabase.

One word as to nomenclature. The use of the words diabase, mela-
phyre, basalt and gabbro, have been various. For us a diabase is a
characteristically intrusive, not too coarse grained, rock of the same
chemical composition, and essentially the same mineral composition as
a melaphyre. The word ‘“ characteristically  is inserted to rule out
small dikes intruded so close to the surface as to differ in no textural
respect from a melaphyre. The rocks here included have textures
which indicate clearly their intrusion. On the other hand the words
““not too coarse grained,” which I trust may be later replaced by a
more exact definition, are intended to rule out the great massive
“ batholitic ” intrusions which have been by common consent called
gabbros. Thus my idea of diabase is a rock in small intrusions, in
other words belonging under Rosenbusch’s group of ‘“ Gang-Gesteine.”
I thus follow the road indicated by Rosenbusch on p- 520 of the second
edition of his ¢ Mikroskopische Physiographie,” 1887, rather than the
path he himself has followed in his third edition (1896, p. 1093) where
he includes under diabase both intrusive and effusive types, and ranks
the group among the < Erguss-Gesteine.” But we have two terms
already for the effusive forms of the gabbro magmas. What object is
there in adding a third?

It it be granted that there is an independent and characteristic type
of small intrusions, I do not fear severe criticism of my terminology.
Criticism of my usage will come most forcibly from those who do not
believe that the small intrusion can be distinguished from the effusion
type, and interpret otherwise what I conceive to be characteristic
textures. I presume Rosenbusch would gladly have followed the path
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which he indicated, if he had found that facts justified it. That he did
not do so makes me doubt my own conclusions, but after all I can but
present the case as I see it and leave time to judge the event,

CHARACTERISTICS OF SMALL INTRUSIVES.

The signs of effusion or of intrusion * may be looked for (A) adjacent
to the rock, (B) along the contact, or (O) within the rock itself. It is
only in case characters of this last type are present that we should be
justified in giving different names to effusive and intrusive forms of the
same magma.

(A) Asregards the adjacent rock, (1) it is baked and new minerals of
various kinds are formed, the well known phenomena of the contact
zone. If these occur both above and below a sheet we are quite justified
in regarding it as intrusive, whereas the sediment on top of effusive
sheets shows little or no sign of contact action, though induration may
be merely secondary and occur above a flow. (2) On the other hand
the sediment above an effusive sheet (and below as well) may be par-
tially composed of fragments of the latter, i. e., tufaceous. This is a
sign of effusion. Friction breccias may occur above and below an intru-
sion and the overlying rocks may be fractured and disturbed as well as
the underlying. An intrusive may enclose fragments of underlying
rocks as well as overlying rocks and, generally speaking, its action upon
them is more energetic.

(B) As to the contact:

(1) An intrusive rock is liable to send out fine strings and fingers,
both above and below, into the strata between which it lies, and though
it may follow the lines of sedimentation more or less, it is very likely to
jump across from one set of bedding planes or cleavage planes to
another.

(R) A flow is theoretically accordant with the bedding planes below
if poured out beneath the sea. In the same way if not conformable with
the beds above, the unconformity is an ordinary erosion unconformity,
not one of intrusion, and the difference is often recognizable, in a num-
ber of slight marks for which no short general statement can be given.
The characteristic clinkery ““aa” surface or ropy ““pahoehoe” surface of
a flow is often recognizable.

#*Cf. Mus. Comp. Zool. Bull. XVI, 6, pp. 100-102.
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(3) Sandstone veins or clasolites of fine mud, ramifying into the
igneous rock, in wavy or contorted, or sometimes horizontal lines of
stratification, are also a feature of effusives. They probably often fill
shrinkage cracks.

(4) The flow lines and crystals formed before or during the flow are
wrapped around the irregularities of the surface of igneous contact, i. e.,
the lower surface in flows, both surfaces in intrusive sheets.

(0) Among the characters of the rock itself we may mention:

(1) The generally more symmetrical character in a sheet or dike,
especially as regards the jointing, which will be approximately the same
for the two surfaces. This is not true in a flow. (Cf. J. P. Iddings,
Am. J. S., 1886, xxxi, p. 321.) Amygdules, and variations in grain and
probably variations in chemical character are also more symmetrically
arranged in intrusions.

(2) We have shown above (Chap. V) that in so far as we may
assume (a) that an intrusive sheet heats up its walls while an effusive
sheet has them kept at a fairly constant temperature,* or (b) that an
intrusive sheet is at a temperature much above that of solidification,
while a flow comes down more nearly thereto, before ceasing to flow and
solidifying at rest,t or (c¢) that the walls of an intrusive sheet tend to
check the escape of gases whose escape promotes solidification | the
effusive rock, so far as the grain of its last formed constituents is con-
cerned, will have a marginal zone of finer grain, which may extend to
its center, but which will be narrower or wanting in the intrusive rocks,
—in the plutonic rocks generally wanting. It may be wanting if the
upper part of an effusive has been eroded away.

(3) If as above assumed we suppose the effusive magma to continue
to flow as long as possible, there will be a larger proportion of crystals
which will be formed during the period of motion and will show this
by their flnidal arrangement, mechanical fractures, etc. (porphyritic
texture).

(4) Gas bubbles cannot form under too great a pressure. Hence the
vesicular (altering toamygdaloid) texture cannot be formed at too great

* That the former condition is often true is shown by the baking effect on the rock out-
side. That the latter condition is also approximately true is also shown by the fact that
lava fields have been walked on while the temperature a few feet below was glowing.

+The former part of this statement is suggested by various facts as to initial tempera-
tures of lavas, €. g., the fact that the lava boiling up in Kilauea melts down the crust,
while the latter part is obviously likely.

+ As the flow of gases follows the same laws as that of heat, the effect is the same as
that of hypothesis (a), or if the walls are already saturated with gases or steam, it is
equivalent to raising the temperature at the margin (i. e., having a hotter country rock)
so far as this effect is concerned.
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depth. This texture also implies glass. Generally amygdules are rare
or absent in intrusions. In flows they are characteristic, often very
abundant in the upper part, less so at the bottom of the flow where,
however, elongate spike amygdules often occur at right angles to the
contact.

(5) The production of glass requires a rapid cooling down below the
temperature of solidification of the last mineral which would have been
formed in case the rock had been able to crystallize completely. Hence
if the walls of a sheet were not kept cold glass would not be so likely to
form. In other words even near the margin intrusive rocks are less
likely to be glassy.

(6) Toward the center of the flow or wherever the cooling was slow
enough to allow complete crystallization to take place, in an effusive
complete crystallization might take place until there was nothing but
gas in the interstices (porous miarolitic, microdrusic or doleritic texture),
These cavities might remain empty, or be filled in the ordinary way
with secondary minerals of the zeolite or chlorite groups, or chalcedony
or opal, etc., permeating the pores. In an intrusive rock such crystalli-
zation would be likely to go on until in the interstices there was a hot
water solution of alkaline silicates and silica, which might circulate and
react on the minerals previously formed, or be deposited in veinlike
manner as micropegmatite. Such cavities could certainly not be empty,
i, e., filled merely with gas, unless the intrusive were so near the surface
that the pressure was not sufficient to keep superheated water in the liquid
state. Thus there should be a difference between effusive and intrusive
rocks, in the filling of the last interstices. (7) Farthermore, the reten-
tion of any gas, whether steam or other mineralizer, might be expected
to somewhat modify the minerals that would be formed in the crystalli-
zation of a magma. Iddings (U. 8. G. 8., Twelfth Ann. Rep., p. 657) has
studied this feature in a somewhat less basic group of rocks. The most
essential difference that he found was the greater development of biotite
and quartz in the intruded rocks. Hornblende instead of augite he also
notes. Something similar may perhaps be noted in our rocks, for in
the diabases, intrusive rocks, there is more marked zonar variation of
the feldspar, and the quartz, though absent in the effusive equiva-
lents, appears just as in the dioritic series which Iddings stadied.

(8) Finally, there are differences in the relative sizes of the various
constituents, which may be significant. The feldspar in the dikes seems
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to be generally larger in proportion to the augite than in the sheets,*
and this fact may be connected with the probably hotter initial tempera-
ture which we have suggested above for the dikes. For in that case the
feldspar might get more of the benefit of the slow initial cooling, as may
be seen by a study of Plate IV.4

We have given a number of characteristics of intrusive rocks. Not
all these characteristics may exist in a given intrusive, for here as every-
where there are transitions. Nor is there any one characteristic by
which we can identify every fragment of an intrusive basic rock. The
interior of a large flow is not often glassy. The margin of a sufficiently
small and sufficiently shallow intrusive may be. It will probably be well
in time to replace the expression ‘‘characteristically intrusive”, if the
above definition is nearly acceptable, by the characteristics of texture or
composition which we find most uniformly to indicate intrusive char-
acter, but it is hardly well to let the discussion of nomenclature blind
us to our real object, which is to determine from the characteristics of a
rock its origin and environment.

We pass then to the descriptions of the sections of the diabases to see
how far we can recogunize the characters above stated.

§ 3. Basic dike rocks. General description.

In these rocks a lime-soda feldspar whose cleavage faces show the well
known twinning lines, lies in lath shaped forms running in every direc-
tion through a dark brownish gray to black mass, which the microscope
shows is mainly composed of pyroxene. They are the youngest igneous
rocks of the iron region, and cut every formation so far as known,
excepting the Hastern (Potsdam) sandstone. They correspond closely
with many of the effusive forms which we find in the Keweenaw series.

In the region about Marquette they ran nearly east and west and cut
the serpentine.

These rocks were probably included by Foster and Whitney in the
correct general designation “‘trap dykes”.| Koch§ as early as 1852

* With the exception of the peculiar irregular streaks of doleritic texture in the sheets,
excluding also erystals plainly formed before the magmsa came to rest.

4 The zone of uniform grain of the dikes, Fig. 17, shows that the initial temperature being
0.784 = 7i1/4, the temperature of formation of augite must be somewhere between 0.600
and 0.250. If the temperatures of formation of the feldspar were in the interval between
0.784 and 0.600, the time of its formation between these temperatures might be much
greater relative to the time of passage through the range of temperatures devoted to the
formation of augite, than if the latter were nearer the initial temperature. However, we
cannot say that this is the only factor concerned, for the feldspar in the diabases seems to
nave continued to grow longer than in the flows, changing its chemical character.

+1t may be well to remark that the order of investigation was the reverse. The descrip-
tions were first written.

| Foster and Whitney, IT, p. 19. ) . }

§ Studien der Goettingischen Verein Bergmaennischer Freunde, 1852, VI, p. 201
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recognized that these traps were composed essentially of augite and
labradorite, with a certain amount of magnetite generally associated in
minute grains, and called them dolerite. This is almost equivalent to
the name that we call them, the difference between dolerite and diabase
being according to Rosenbusch one of age, and Rominger has retained
the name dolerite.*

In the meantime, however, Brooks and Marvine had taken a step in
the wrong direction, afterward corrected by Wichmann, Allport and
others,t by calling amphibole what was really angite, so that these rocks
became ‘‘trappean diorite”.}

Wadsworth contemporaneously with the Wisconsin report recognized
these rocks as diabases§ and they have since been generally accepted as
such by Irving, Williams, Van Hise, and others who have written on
them. The subdivisions that I have found it worth while to make, in
my larger material, have not been made by previous writers and are per-
haps too minute. By far the largest number of the dikes of this group
belong to the quartz diabase type (a term which Wichmann used ) of
which the others may be considered exceptional modifications.

§ 4. Enstatite diabase.

This peculiar type is known from only one locality, i. e., from a rock
point on the west side of the big bay, Sec. 4, T. 51, R. 27. It is called
trap in the field note book and appears to be from a dike cutting the
granite represented by Sps.® 698, 699. Sp. 693 isimmediately from the
contact and the others follow in the order indicated by their location.
The south limits of the trap are covered with recent formations. This
outerop has not been studied enough to determine its geological relations,
so as to know whether it is merely a modification of the quartz diabase
group, as appears most nataral, or of the peridotites. Wright named it
serpentine.

Enstatite or bronzite has also been found rarely by Van Hise (U. 8.
G. S., Mon. XIX, pp. 850, 351, 854) in the diabases of the Penokee
district.

The hand specimens are much alike and in general look like an
ordinary diabase of fair freshness, except that here and there, not too

* Geol. Sur. Mich., 1880, IV, p. 145, et seq.
+ Geol. Sur. Wis,, III, 1879, pp. 570, 621-627.
} Geol. Sur. Mich. 1I, 1873, pp. 42, 51, 158, 176 to 179.
.52“11' Mus. bQorfxp.SZooL, vii, 1880, pp. 36, 39.
" S., respectively Ss., is used to denote reference to rock secti S i
to denote reference more particularly to hand specimens. fons, 8p., respectively Sps.,
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abnndantly, are sprinkled small crystals of enstatite of a yellow brassy
lustre.

The ground is of a dark gray color and the feldspar crystals do not
show much variation in size, being between one and two millimeters
long and of the form and habit usual in diabases.

The specimens from this dike are all located from the S. E. cor. Sec.
4, T. 51, R. 27, as follows: 692, 1685 paces N., 645 paces W.; 693,
1800 paces N., 660 paces W.; 694, 1675 paces N, 625 paces W.; 695,
1620 paces N., 620 paces W.; 696, 1606 paces N., 640 paces W.; (97,
1600 paces N., 650 paces W.

NOTES ON THIN SECTIONS.

S. 692 is composed of chlorite, magnetite, plagioclase, with small interstices
filled with quartz.

S. 694 shows plagioclase enclosed in augite, the augite often twinned. A
pinacoidal cleavage is often developed in the augite.

S. 693 is of the same general type. The section is all ground to pieces.

S. 695 is also ground to pieces, but shows some well characterized leucoxene
pseudomorphs after iron oxides.

S. 696 is one of the best sections for study. In it the augite is much fresher
than in some of the others, and is often much twinned parallel to (100). A
pseudo-diallagic parting parallel to the basal plane (001} is often developed.
The extinctions of the feldspar vary from center to margin. Symmetrical
extinctions near the center are 31°-33°% with 16°, Karlsbad twinning, and
Baveno so superadded that the sections cannot be very far from perpendicular
to the zone (010-001). Another double twin has 15°-12° with 32°. Another
with 31°-29° seems to be also a double twin with the two albite twins of the
other half of the Karlsbad twin having the same angles. Another has 37°-41°
with 19°, another 363°-41° with 21°, another 19°-39°, another 38°, etc.
These indicate a somewhat more basic feldspar, but as a whole the angles
‘point to the labradorite Ab,An; as the variety of feldspar. Quartz occurs in
the interstices.

S. 697 shows interstitial quartz, enstatite, diallage (7} and plagioclase.

The coarseness of grain in this rock is similar to that in the other
diabases,

§ 5. Olivine diabase.

The next group that we make are close akin to the following group
of quartz diabases. Yet they are not quartz diabases, and in the quartz
diabases the olivine appears to me to be only accessory. Wichmann
found no olivine.*

#*@eol. Sur. Wis., III, 627.

+Throughout this chapter angular measurements of extinctions connected with a dash
are the extinction angles of feldspar lamelle twinned according to the albite law When
lamellze twinned according to the Karlsbad law are also present they are joined by a
bracket or the word ‘ with.”
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Wadsworth found it abundant (Bull. Mus. Comp. Zool., July, 1880,
VII, p. 70), G. H. Williams (U. 8. G. S., Bull. 62, p. 197) seems to
have found it abundant, and classes as an olivine diabase the Light-
house Point dike, which from its accessibility and frequent description
I take as the type of the quartz diabases. Olivine is certainly not at all
rare in the quartz diabases but in quantity insignificant, probably irreg-
ularly disseminated and without any effect on the texture that I can see
(Cf. Van Hise, U. 8. G. 8., Mon. XIX, p. 350). However, as just
remarked, the two groups are in this region closely allied.

To the olivine diabases I assign the following thin sections:

Ss. 808, 828, 11860, from a two-foot dike striking across Presque
Isle;

Ss. 11421, 11422, 11423; 11424, 11425, 11426, from South Island in
Sec. 2, T. 48, R. 25;

Ss. 11489, 11490, from Middle Point, Sec. 3, T. 48, R. 25;

S. 11827, S. 12180, S. 12179, S. 9085.

See also dikes 61 and 175, described by Wadsworth (loc. cif. pp. 40
and 42).

In these sections even in the coarsest grained central rock there is but
a trace of micropegmatite, instead of which (Ss. 11489, 11421,.11422,
11426) the texture is often ophitic,* i. e., the feldspar is embedded in

*It is to be noted that I use the term ophite, ophitic, as I have heretofore, i e., in
accordance with its original definition and in a narrower sense than it sometimes has been

used.
Michel Lévy is responsible for the introduction of the term into pgtrogra,phy, and we take

the definition from his ‘‘Structures et Classification des Roches Eruptives, p. 26: “Quand
ie dernier élément consolidé est un bisilicate (generalement pyroxénique), ses plages, sans
contours extérieurs propres, sont lardées de cristaux plus anciens; ceux de feldspath no-
tamment s’allongent suivant l'arste pgl! (001) (010), ou s'aplatissent suivant gt (010), et
I’ensemble prend une apparence caractéristique que j'ai décrite et déssinée des 1877 sous
le nomme de.structure ophitique.”

In this definition there are three points, first, that the pyroxene component is last con-
solidated, second, that it occurs in areas which are larded, as meat is larded for cooking,
with streaks of older crystals, and thirdly that these crystals are much flattened or elonga-
ted. Vélain, for example, in his Conférences de Petrographie, p. 59, speaks of the ophitic
texture as characterized by the elongation of the feldspathic element, and its distribution
through the areas of the ferruginous element (pyroxene). But it has often happened that
only the first or third point has been taken to be essential to the definition. Lapparent
(Géologie, 1883, p. 630) alludes to the tendency of the feldspar to form elongate crystals
as characteristic of the ophites, but his figures and descriptions show the areas of pyroxene
in which they are embedded. We find that in their experiments on the reproduction of
rocks, Fouqué and Lévy apply the term ophite, not to all rocks having elongate feldspar
or xenomorphic pyroxene, but to those only that have the structure above described.

For the German use Rosenbusch (Mik. Phys. ii, 1887, p. 191; 1896, pp. 1114, 1009) distinctly
includes the ‘‘large allotriomorphic augite individuals’' as part of the meaning of the word,
as is also apparent from his figure of the ophite structure (Plate ii, fig. 3, but not fig. 4, as
will be seen by his description of plates), classing it as a variety of his intersertal, or dia-
basic structure. Among others who use the term in the narrower sense may be noted
Putley in “Granites and Greenstones’, Harker in his Petrology, Judd in Q. J. G. S., 1885, p.
360, 361, 1886, p. 68, and Wadsworth, Minn. Geol. Sur. Bull. II, p. 107, while among those who
use or define it in a broader sense are Zirkel, Kemp, Williams (in Standard Dictionary and
Bull. 62, U. S. G. S.), and Loewinson-Lessing. But in its broader sense we have a couple
of synonyms, diabasic, and intersertal, and when used in its narrower sense as applicable
to that texture that produces the lustre-mottled effect, the etymology of ophite becomes
strikingly appropriate. Plate VII, reminds one at a glance of the marking of many
snakes. Of course, however, the determining factor is the usage of its distinguished sponsor.
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patches of augite, between the limits of which corroded granules of
decomposed olivine are crowded. At other times there are irregular
smaller xenomorphic granules of augite wedged in between the feldspar.
They are thus like the ophite melaphyres, Pumpelly’s lustre-mottled
rocks, which are so abundant in the Keweenawan.

The FELDSPAR seems more basic than in quartz diabases but is relatively
larger than in effusives, except in the doleritic seams of the ophite. One sec-
tion, S. 11860 = S. 828, contains porphyritic erystals of anorthite, with symmet-
rical extinctions greater than 45°, while symmetrical extinctions running up
to 45° are not uncommon, so that the feldspar would be often classed in the
bytownite or anorthite series, being over two-thirds anorthite. This applies
to the most basic part only. Zonal extinctions occur as in the quartz diabases,
if not quite somarked. Extinctions do not seem so high in marginal sections as
in sections from near the center of the dike.

The patches of AUGITE are brownish, and show traces of pinacoidal cleav-
age, (S. 11827). They are very fresh.

OLIVINE is quite abundant. It is often highly idiomorphie, or in the cor-
roded grains already mentioned. It isoften heavily coated with iron oxides,
and sometimes changed to chlorite and mica serpentine, or in 8. 11860, appar-
ently to tale.

The IRON OXIDES occur much as in quartz diabases. In the coarser
grained forms (Ss. 11421, 11422) they occur in large angular, irregular or octa-
hedral grains, which are distinetly moulded upon and hence of later origin
than the feldspar. Accordingly they occur in the ophitic patches of augite,
but not in the feldspar, the order of crystallization being olivine and anor-
thite, then magnetite, then augite. At the margins of the dikes there is a
glass which tends to have a mottled appearance, and is heavily dusted with
iron oxides, sometimes in growth-forms. (8. 828.)

No APATITE was distinctly recognized.

One yellow isotropic cube was visible in S. 11420, which may well be
PEROVSKITE, but is possibly PICOTITE.

It will be seen that the rocks considered have a sufficiently distinctive
character to be treated separately from quartz diabases. The tabulation
below shows the variation of grain in one dike in sections taken at
known distances from the margin, and also some observations of the
extinction angles of the feldspars.

These observations on the grain are plotted in Fig. 17.

It is not merely accidental that the ophitic texture is associated in
these olivine diabases with the more basic feldspar, greater amount of
olivine, and generally more basic character. Fouqué and Lévy’s experi-
ments have shown that the ophitic texture iz most easily formed in the
more basic rocks and the same experiments show that the nearer anor-
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thite a feldspar is, the higher the temperature at which it forms. Now
the ophitic texture is dependent upon the feldspar being formed dis-
tinctly before the augite, so as to be enclosed in it. The occurrence of
an ophitic texture is then a sign of a basic feldspar and the basicity of
the feldspar is something of an indication of the basicity of the rock.

The texture is not, however, solely dependent upon that. It requires
also that the rock should be in a state of rest when this texture was
formed, and that the rock should first cool through the temperature of

Diameter in millimeters of sections of—

No.
of Distance Character
speci-| from margin. of feldspar.*
men. Feldspar. Augite. Magnetite. Olivine
11421 | 10 paces from §22°-36° 1.56 x 0.125 4.06 0.28 0.21
N. E. side, 1 11° 1.3¢4 0.156 5.94 0.81 0.62
i e 26 ft. 28°-39° 2.03 0.156 0.53 0.62
45°-45° e —— — Av. 5.0
f21°-49° Av. 1.64 0.146 Av, (.58 x 0.46
1 17°-44°
$18°
t 41°-40°
20°
| 35°-20° -
46°-52°
370-21°
11422 | 10 paces from 28°-28° 0.93x0.31 | 3.5 0.34
S. E i 11°-12° 1.88 0.16 3.%5 0.81x0.75
26 ft. —_— 1.06 037 | .69 0.96 0.41  0.53 0.40
35°-35° 1.25 021 |312 297 0.94 0.7
33°-35°% 122 0.15 | 219 156 0.53 (.38
0.87 0.62
Av. 127 024 Av. 2.05
11426 | 5 ft. from S. 25° -29° 1,16 x0.12 | 1.87 0.69 x 0.62
E. contact.
27°-20° 156 0.25 | 1.56 0.22 0.06
j' %gz—%“ 134 0.28 | 2.09 0.53 0.46
11425 | 2ft. from con- | 26°-25°; 31°-33° 1.256x0.15 | L 0.47 x 0.38
tact. 35°-28°; 21°-18° 141 0.16 | 0.73 0.31 €22
078 094 | 140 0.28 0.22 1.25
11424 | near contact. 21°-22° 0.78x0.12 | 025x0.19 0.15
0.78 0.06 0.31 0.16 0.12
094 005 | 025 0.18 0.19 0.46
11423 | N. E. contact. 2%0-25°
18°-7°
11420 | Porphyritic. 0.38x 006 |012x0.12 0.02 0.25 0.19
50°-39° & 39° in 0.62 006 | 006 009 to dust
Total width a Baveno 0.87 0.13
about 18 Cross smaller
paces or 47 0.32 to 0.37
feet. x 0.03

* Extinetions of lamellee connected by the albite law are separated by a dash. Those
connected by the Karlsbad law are grouped in brackets.
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feldspar formation, and then pass fairly slowly through the tempera-
tures of augite formation, i. e., the brighter red heats.

Hence the ophitic texture cannot date back of the period of final rest
and requires that the rock shall be of a certain basicity, above but not
too much above a bright red heat, at the beginning of solidification, and
shall thereafter cool slowly and quietly. Hence it is that we do not find
the ophitic texture at the margin, and (see below, § 6) in cases where
the center of the dike grows markedly more acid the ophitic texture
is confined to a zone at a certain distance from the margin.

Finally, as will be seen by reference to our descriptions of extrusive
rocks, the ophitic texture seems to be more abundant in the flows
than in the corresponding dikes. This may be due to the fact that
when the rock had cooled down to red temperatures the absorbed gases
had no considerable role to play in the flows, while in the dikes they
helped to prolong the feldspar growth, making it more continuous and
less sharply antecedent to the augite, and furnishing a magma in which
both feldspar and augite formed.

It is obvious too from Pl. IV, that the time of augite formation would
be longer if the initial temperatures of cooling were only just at or above
the temperature of augite making, than if it were a little higher, and
that may have something to do with it.

§ 6. Quartz diabase.

It must not be understood from the name applied to this group of
rocks that quartz is a very prominent feature to the eye, for it is not.
Ounly in comparison with other diabases is the quartz characteristic, for
it is generally entirely microscopic. There are however a number of
other characters, one or another of which is always present, that serve
to distinguish rocks of this gronp very fairly, even to the naked eye.
They have often been partly described.*

As a type we will take the great dike at Lighthouse Point, T. 48, R.
25, mentioned by Rominger,t Williams and Wadsworth. From various
parts and outcrops of this dike the Survey has seventeen sections, and
G. H. Williams had nine more which I have been kindly permitted to
see, and several more, through Prof. Seaman and Mr. Sutton, from the
collection, of the Michigan College of Mines, so that we have a good

* Williams, Bull. U. 8. G. S., No. 62, 1890, p. 138; Wadsworth, Notes oun the Geology of
the Iron and Copper districts of Lake Superior, 1880, pp. 36, 87, report of State Geologist,
1891-92; Rominger. Geol. Sur. Mich., IV, Ch. VIII; V, Pt. I, p. 6; Bayley's description U.
S. G. 8., Mon. XXVIII, came to hand while this volume was going through the press. See
the footnote at the end of § 9.

1+ @Geol. Sur. Mich., IV, pp. 146-147,

VOL ¥1 PLATE XV

GEOLOG!ICAL SURVEY OF MICHIGAN

\\\:\

i

A

.

7

Y
/’\\

0

N

LEGEND

\

=

.

a
= %E
o

|

v

AN

- '| H
/ 2l
// !
73 i3
//,/// ; o »
/

N
N\
9

A\

1 |
ELE

QUARYTZ DIABASE
URALITIC DIABASE
HORNBLENDE SCHI
CRUSHED FELSITE

N

\

NN

URALITE DIABASE,

ALTERED

LIGHTHOUSE POINT

//

w
-
=
<
«
@
=
«
<
=

MICHIGAN

MARQUETTE

f’#‘—-l.

SEC 24 T.48 N R25W
A ESEAMAN

4

&

1889

¢k specimens in vollection

to ro
ot Geological Survey of Michigan,

NOTE Numbers refer




KEWEENAWAN DIABASES 231

chance to observe the range in its character, viz., coarse and fresh: Ss.
11763, 869, 871, 909, 934, 941, 947, 965, 8148, 11617 (W)*, 11622 (W),
11636 (W), 11666 (W); fresh, fine grained marginal forms, 966, 933,
875, 949, 962, 11762, 11621 (W), 13030; coarse but altered, 948,
910, 11672 (W), 11675 (W), 11615 (W); both altered and fine grained,
11616 (W), 11617 (W).

Beginning in our study with the coarsest and freshest specimens,
from the interior of the dike, not crushed nor weathered, we find a rock
which to the naked eye appears fresh and glassy in lustre, neither silky
nor as dull as are hornblende rocks. The color is dark gray, not green-
ish in tone, specked with white facets of feldspar, on which with a lens
the twinning striations can be easily recognized, and the facets are
elongate parallel to these striations. A negative character is the practi-
cal absence of that texture which from the appearance of flashing spots
when the specimen is turned around in the sunlight has been called
ophitic, lustre mottled, or poikilitic. (See pp. 48, 127.) This charac-
ter is important in separating them from the olivine diabases and
ophites. Under the microscope we see that the rock is made up of dis-
tinctly lath-shaped labradorite, of brownish angite and of opaque iron
oxides. Accessory and embedded in the aungite is often a little olivine,
more or less altered, and there are always little interstitial spaces, which
in the hand specimen appear as minute reddish specks, in and around
which oceur quartz, feldspar of the acid varieties, brown hornblende,
mica, ete., as hereafter described. Neither olivine nor these ““acid inter-
stices,” as we shall call them, appear to form any great part of the rock,
but the latter are uniformly distributed and quite characteristic.

The L.ABRADORITE shows complex twins according to the albitelaw, which
gives twin lamellee with boundaries nearly parallel to (010), sometimes zigzag
(S. 11828); combined with Karlsbad, pericline, Baveno and probably other laws.

The Karlshad law combined with the albite produces three or four sets of
lamellse parallel to (010) with different extinction angles, and no position in
which all the bands or lamelle are equally illuminated. The pericline law
produces lamellze which in the zome of symmetrical albite extinetions are at
right angles to the albite lamellze. The Baveno law produces cruciform cross-
sections and in general stellate groupings, since the feldspar is developed in
tablets parallel to (010). The extinctions can be symmetrical for the albite

lamellz in both parts of a Baveno twin only for a particular section, such as
was encountered in S.11484. The extinction is dispersed, so that between

* (W) afixed to a number denotes that the section and number are of the Williams eol-
lection.
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cross-nicols a distinct change from bluish to brownish is noticeable on passing
through the position of greatest darkness. Careful stiudy of a section almost
perpendicular to the positive bissectrix in S. 11801 led to the diagram, fig. 27,
illustrating the approximate position of the optical constants, which agrees
very well with Lévy’s diagram for AbsAn, in the * Détermination des Felds-
paths.”” (See also S. 909.) The dispersion of the extinction is easily noted in
the bluish tinge outside and brownish tinge inside, of the dark zone of the
feldspar in case it Is turned so that the center is beginning to get light while
the margin is not yet dark. It also varies from center to margin in such a
way as to indicate a decreasing percentage of lime toward the margin, and the

FlG. 27

Stereographic projection (see p. 40) upon the lateral pinacoiq, i. e., m (010), of labradorite,
showing the positions and dispersion of the optical axes.

margin isoften continued out into pegmatitic intergrowth with quartz. In such
case its relative refraction (see below, § 9) shows that it is orthoclase or albite.
Twinned erystals cut nearly perpendicular to the lateral pinacoid (010} show
nearly symmetrical extinetion angles, generally between 20° and 30°. The
extinctions tabulated below* show that, e. g.in 8. 941, the centers of the feld-
spars must be in composition between Ab;An; and Aby;Ans, which agrees with
the analyses made for Van Hise.

* As before, Albite connected by -, Karlsbad by brackets.
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5 Averages "
T8 R 2:{1484 24°-18° 11878 30°-37° 33°
Margin 14°-20° 769 15°-23°
°-23-
%2%20“ 28;~24Z
i 20 20°-30
Baveno twins, angle be- 22°0-22 °
tween arms of cross 21°—19°$ }2(3"432
83° 21° » 10 a9
11485 22°-24° 11763 23°-24° 24¢
o190
Center 320&30 869 32°-30° 31°
R5°-31°
28"—21" a50 941 j 38°-32°
) I
°.32° 11°-11°
11735 13 § 12e-120
: o_o90 ] 380
Margin ! ggég 875 17°-17°
i 13° 37°-3p°
28°-35° 26° 37°-35°

26°
P 5_940
Clel!;?,gr 3685"»31" 949 30°-32° 31°
16°
27°-31°
18°-19¢
25°-31°

11801 © up to 30°

11807 25°-28°
Margin 26°-25°
23°-23°
23°-2i°
24°-30°
19°-22°
28°-26°

25°

24°
763 up to 30°
767 not up to 30°

Comparing the extinetions with those observed by Irving in the “ Copper-
Bearing Rocks ’* we see that they are nearest to the extinctions of the Iteld-
spars in his olivinitic and lustre mottled rocks. Knclosures of glass, iron
oxides, ete., in the feldspars are more common in the marginal forms.

FiG. 28
Projection on m (010) of the optical axes of augite.

The AUGITE is in thin section very light pinkish brown, parallel to (100),
lighter and more yellow perpendicular to it. The optical angle is small, the
dispersion r>v is stronger for the axis which is more nearly parallel to the
prism axis as shown in Fig. 28 (8. 13749). The pinacoidal cleavages are sub-

#U. 8. G. 8., Mon. V, Chap. IIL
30
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ordinate to the prismatic, but there is often a twinning on the front pinacoid
and sometimes a basal twin striation or twin lamellation is visible(S. 844). The
augite is not commonly idiomorphie, but may be so against the acid interstices
(S. 909), then showing the forms of an octagonal prism with the pinacoids more
developed than the prisms (S. 778). Sometimes it is surrounded by a border
of brown hornblende. Occasionally the augite has an odd rounded growth,
which suggests at once the origin of the hornblende crystal described and fig-
ured by Williams.*

A series of augite crystals seem to have started growing outward from a
center in various directions, all having the clinopinacoid (010) parallel. The
lines between them are irregular, and no definite twinning law can be made
out, though they remind one of the ‘‘kniuel-artige Verwachsungen’’ men-
tioned by Rosenbusch.t The angle between the vertical axes of successive
parts seems to be very small.

The OLIVINE is distinguished from the augite by its more nearly colorless,
or its greenish hue, and greater decomposition especially along the cracks
which are largely pinacoidal. In favorable cases it can be determined that
the optical angle is larger than that of augite. In form the olivine is either

Isle Royale—red
Iddingsite -- brown
4 Serpentine — green
! Mica — green
1

Yellow red

D
& o yellow

¥

Isle Royale--red
Iddingsite — deep brown
Serpentine - green

Mica — green

Illustrates the comparative pleochroism of micaceous alteration products of olivine.

rounded or terminates with angles not far from 90° (82°). (Fig. 29.) Even
when the grains of olivine show no crystal form, their outlines are not deter-
mined by other minerals, i. e., xenomorphic, but rather suggest corroded frag-
ments which are commonly embedded in the augite, rather than the feldspar.
They are most sharply idiomorphic near the margin.

The grains of iron oxide in reflected light show sometimes a bluish lustre,
when we call them MAGNETITE; sometimes a dead black lustre, when we

* T, 8. G. S., Bull. 62, p. 183, fig. 28. Compare Lawson’s polysomatic augites.
+ Mik. Phys., I, 1892, p. 513, and PL XVIII, fig. 5.
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call them ILMENITE. The ilmenite has been observed surrounding a mag-
netite centre (S. 947), or traversing it in streaks (8. 965). The iron oxide
grains are often irregular, and not idiomorphic against the feldspar, but
occur sometimes also in octahedral forms, especially in those skeletal forms
which are due to rapid growth, as in S. 11763—near the margin.

More or less abundant are the ACID INTERSTICES (PL. XVI), against which
the feldspar is generally, the augite and magnetite often, idiomorphic,
although the augite is often bordered with brown hornblende (S. 869).

BROWN MICA also occurs associated with the iron oxides, often having its
basal plane applied to the face of the iron oxides, and so oceurring with them
as to indicate a genetic connection.®

The BROWN HORNBLENDE just mentioned is not the same as the ordin-
ary green uralite by any means, in fact may be also turned green at the same
time that the augite is uralitized. Yet it interdigitates with, and runs into,
the augite in a way that shows plainly that it is derived from it. It has also
been noted by Irving and Van Hise.

From the feldspar laths growths of micropegmatite often spring out, the
feldspar of which is continuous with the acid margins of the feldspar. There
are also in these interstices independent grains of guartz? They are traversed
by long apatite needles, hexagonal and idiomorphic. They are rarely if ever
so fresh as not to be clouded over with a reddish ferruginous dust, and not to
contain small folia of brown and green mica (S. 965).

The micropegmatite growths are illustrated in PL. XVI from 8. 7931,
one of the diabase granophyrite group.

A proper understanding of these interstices, which appear to be the
same mentioned by Rosenbuseh, Mik. Phys. 11, p. 194, ed. of 1887;3d ed.,
1896, pp. 1117, 1140, 1143-1146, 1149, 1307, and of their origin seems
important yet difficult. Wadsworth { and Irving] take micropegmatite
to be a secondary texture, replacing feldspar, etc., and Williams § seems
to consider this interpretation possible. Says Wadsworth, speaking of
some Minnesota rocks:

“In the earlier stages of alteration of the groundmass or feldspar there arises
a confused mass of viridite, ferrite, magnetite, quartz grains, feldspathic mate-
rial, etc. As this alteration progresses the tendency is to assume a radiated
fibrous structure or else an imperfect graphic form. Further changes in the

rock results in the quartz taking upon itself a true graphic form, the same as
that seen in graphic granite, while in still further changes the quartz is in

* Kemp, Bull. Geol. Soc. Am., V, 1893, p, 220; Williams, loc. cit., pp. 189, 140; Wadsworth,
Minn. Geol. Sur., Bull. II, pp. 64, 65, and farther references given there; Cf. also C.
H. Smyth, on biotite and magnetite reaction rims, Trans. N. Y. Acad. Sci. (May 21, 1894)
XIII, p. 213.

+Minn. Geol. Sur., Bull. II, pp. 67, 68, 81, 103, 109.

+Copper-Bearing Rocks of Lake Superior, U.S. G. S., Mon. V, 1883, plates v, xii, xiv, xv,

descriptive text.

§U. S. G. S., Bull. 62, p. 141
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rounded or irregular forms in the midst of the altered reddish-brown feld-
spathic material. The pyroxenic elementin the meanwhile has been altered to
biotite and hornblende;—’

In this view of micropegmatite in which Wadsworth was at first almost
or quite alone, he has been finding more and more followers,* and as my
own observations do not agree with them, but rather with Rosenbusch,
but point to other, theoretically and practically very interesting conclu-
sions, I will give them very fully.

In this discussion, in order to have a broader basis to eliminate sub-
jective statements, and put results in numerical form, we will not con-
fine ourselves to the Lighthouse Point dike, which is nevertheless a very
good example, nor to the quartz diabase group, but include all the speci-
mens of diabasic dikes more recent than the greenstone schists, from
townships 48 and 47, ranges 25 and 26. We will also include the sections
from the same region described by Williams. There are also some
described by H. B. Patton. In all we have some 245 specimens to study,
including some altered porphyrites and uralite diabases which may in
part represent weathered forms of this group, but I feel sure also repre-
sent other distinct igneous formations, yet not including rocks so far
changed as to rank with hornblende schists.+

In the first place these micropegmatite growths do not generally seem
to replace the feldspar, iron oxides or augite. Hach of these is at times
idiomorphic against them. The occurrence of reddish pigment and folia
of green mica suggests that glass has been replaced. They do not occur,
however, at the glassy margins of dikes, and when decomposed glass
occurs there it has a very different appearance and I have not seen any tran-
sitions between glass or decomposed glass and micropegmatite. In fact
the most convincing sign of the nature of the micropegmatite lies in the
fact that it has mutually exclusive relations with textures that are un-
doubtedly primary and sometimes occur in other parts of the same dike.
The poikilitic or ophitic texture occurs seven times in the fresh non-
uralitic specimens. In no case is micropegmatite mentioned as associ-
ated. In uralitic diabases or porphyrites a poikilitic texture is
mentioned nine times, but only in one case is quarts, which is distinctly
said to be secondary, mentioned as occurring with it,—in no case
micropegmatite. Grouping together specimens distinctly mentioned as

*0f. Bayley in U. 8. G. 8., Mon. XX VIII, p. 520, and foot note at the end of § 9.

+1 do not include In my statistics the sections from Bayley and the Michigan College of
Mines, as they were selected to show the micropegmatite and have not the same objectivity.
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marginal in the field notes with those which by their glass,—fresh or
altered,—porphyritic and microlitic texture or characteristic iron oxide
growths betray themselves as originally glassy marginal rocks, we find
57 of them. In 32 the augite is quite fresh, and in only one is micro-
pegmatite said also to exist. This—S8. 11750—proves on revision to be
one in which a little decomposed glass was suspected to exist in the
mesostasis while in other parts the interstices were granophyric, and is no
real exception. In 9 of the uralitic or chloritic ones (9 out of 24)
quartz is mentioned as occurring, but not once micropegmatite. 'The
quartz is often distinctly stated to be secondary, not interstitial at all,
and in other cases the existence of the altered glass is dubious, but that
my observations might be surely impartial I have not revised them with
this gnestion in mind. The micropegmatite being, therefore, thus
mnutually exclusive with glass and poikilitic texture must be itself a
primary texture or replace one.

Now as to its relations to uralitic and chloritic changes, we find
micropegmatite in 13 out of 62 fresh basic dike rocks (2094); in 18 out
of 149 uralitic ones (12%); in 3 out of 41 chloritic ones (824).

The percentage of rocks observed to contain micropegmatite decreases
with their alteration, and this indicates clearly that it is the result of
some process different from the change to uralite or chlorite. If, as we
properly ought, we subtract from these figures the number of sections
which have textures exclusive of micropegmatite, the results wounld
become still more striking, for in fact all the fresh, neither oplatic nor
marginal, secttons are recorded to contain micropegmatite, except—

S. 11490, which is from a dike elsewhere ophitic, and tends itself to
be porphyritic,

3. 11708 (W) a small dike (Williams does not mention glass, but my
sections from the same dike show it),

S. 11485, not altogether fresh,

S. 845, which is only two feet from the edge of a dike that elsewhere
has micropegmatite,

And a number of Williams’s sections, e. g., from the Lighthouse Point
dike, in which he says, however, that primary quartz does at times occur,
viz.: 11617 (W), 11622 (W), 11636 (W), 11666 (W) and 11814 (W).

Finally we have S. 11811, from an east and west diabase dike about
30 feet wide, near Dead River, 1180 paces N., 1250 paces W., Sec. 10,
T. 48 N., R. 25 W., in which instead of acid interstices we have a
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mesostasis full of sheaves of feldspar microlites as described in Rosen-
busch.* This is, therefore, the one real and decided exception to the
rule that the central parts of large basic dikes which are not ophitic con-
tain micropegmatite. But if micropegmatite occurs in practically all
the fresh central non-ophitic specimens, it occurs in but about 16 out of
8 of the central, non-ophitic, but uralitic specimens of the diabases,
and in 3 out of 16 chloritic ones. 'This I believe to be due to its oblitera-
tion in the processes of uralitization, weathering or crushing, but it may
also be conceived to have originally occurred more in the youngest set of
dikes. If, moreover, the micropegmatite were dne to mere weathering,
the absence of micropegmatite in the Keweenawan flows of similar char-
acter would be unaccountable.

The extension of these numerical comparisons to all the dikes collected
in the Upper Peninsula would only strengthen our results. The role of
apatite is well indicated by the fact that out of 52 times that it is noted
it is 8 times in association with the fresh micropegmatite, 10 times with
uralite and pegmatite, once only in an ophitic rock, 4 times only in
glassy forms, and the remaining times is most often in dikes which else-
where contain micropegmatite, or have the acid interstices plainly indi-
cated by quartz, brown hornblende and mica, etc. It cannot be said
that micropegmatite is an absolutely necessary feature of these interstices.
It is merely the most unequivocal feature. The way the needles of
apatite grow across these cavities does not suggest to my mind their
origin from decomposed glass,+ but suggests rather the apatite found in
drusy or miarolitic cavities like those in the basalt of Capo di Bove.]
In 13 out of 31 of the sections of the Lighthouse Point dike is apatite
mentioned, but in not one of the marginal sections. In a number of
other dikes the same thing is true. Ss. 757, 996, 997, 991, have it, Ss. 756,
994, 761, not, the latter three being marginal, and all the sections being
from the same dike. 'This concentration in the center of the dike does
not seem natural for a secondary origin.

If, then, these cavities were during the ‘formation of the rock, at the
close of the augite formation, filled neither with any of the previously
formed minerals nor glass, they may have been filled with the residuum
of the molten magma. Enough of the rock was formed to make it per-

# Mik. Phys., IL, 1896, p. 1117.
+ Wadsworth, Minn. Geol. Sur., Bull. II, p. 68.

+ See also Dana’s Mineralogy: aiso Vogt, Neues Jahr-Bueh far Min, (1894) i, p. 96,
describes similar apatite needles in the cavities of slag.
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fectly solid, for no farther motion could take place without disturbing

the micropegmatite borders of the feldspar laths and fracturing the
excessively delicate apatite needles. The remaining interstices seem,
agreeing with the general law of increasing acidity in residual magmas,
to have been filled with the final concentration of an acid aqueo-igneous
magma which had been corroding the olivine and forming the less basic
augite from it. In this magma were also concentrated the absorbed
gases, aqueous and otherwise, which the dike margin originally contained
and which, as the dike solidified at the margin, would probably be driven
from it and concentrated at the center.

The acid magma thus left seems to have proceeded to produce brown
hornblende upon and out of the augite, brown mica upon and out of the
iron oxides, as Smyth has suggested, and pegmatite growths on or out of
the feldspar,* while apatite needles formed across the cavities. This ex-
planation of these cavities accounts well (1) for their occurrence only at the
center of dikes, (2) for the fact that the minerals formed and structures
are those of more acid rocks, which we see in their obvious parallelism
with the rocks more rich in micropegmatite, such as the diabase grano-
phyrite, Ss. 11727 and 11831 (W).t The occurrence of quartz feldspar
micropegmatite intergrowths is described by Rosenbusch within miarolitic
spaces,} although in a private letter to Patton he expressed himself as not
inclined to consider these granophyric growths as similar. Nor do I
conceive that they were in cavities left after the consolidation of the
whole rock magma, filled in by infiltrating foreign substance, though if
they are truly secondar, products, such cavities may have guided their
deposit, but rather the refuge of that part of the magma that the loss of
heat due to injection did not solidify. Thereafter the hot aqueous solu-
tion would, as we have said, react on minerals already formed, and would
form ecrystals much more slowly, perbaps not until the solutions had
been affected by percolation. They correspond thusto Brigger’s§ second
phase in the formation of his pegmatite dikes. The brown hornblende
may be akin to barkevikite. Brown hornblende generally contains
potash, ¥ as we see from its abundance in alkaline rocks. It seems not im-
possible that the so called reaction rims around olivine and other miner-

*See foot note at end of § 9.

+ Williams, loc. c¢éit., pp. 181, 182; Rosenbusch, Mik. Phys., 1896, II, p. 226; Patton in A
State Geol. Mich., 189192, p. 185. P in Ann. Rep.

+ Mik. Phys,, 1896, II, pp. 55, 67.

§ Groth’s Zeitsehrift fir Kryst. 1890, X VI, p. 162.

¢ Cf. Dana’s Mineralogy, 1892, pp. 396 and 403; Willlams, Am. J. Seci. (May, 1890) XXXIX, p.
352,



240 INTRUSITVE ROCKS

als* may also be produced with the co-operation of residual magma. The
minerals produced are o'ten snch as might be expected from such action,
and like those wehave in the acid interstices. It must not be forgotten that
a theory of the origin of these interstices must account for the chemical
character of the minerals formed in and about them, for the potash and
for the chlorine and flunorine of the apatite and brown mica. Moreover,
it is « priori almost necessary to believe that in rocks consolidating under
snch circumstances as to prevent the escape of aqueous or other gases
there will be a residuum which cooling will have only a slight tendency to
solidify. The fact that these interstices seem at times to be centers of
decomposition is in full harmouy with a conception of them as micro-
drusic.

Precisely the same phenomena as those we have been describing
have been observed by Lawson about Rainy Lake,{ the pegma-
tite and quartz being confined to the center of the dikes and
associated with apatite.  Analyses show that the silica and alkalies
distinctly increase towards the center | As may be inferred from what
we have said, these dikes with acid interstices have well-defined fine
grained, glassy and porphyritic walls. Ophitic augite rarely occurs in the
same dike with micropegmatite, although it seems, comparing Lawson’s
description of 8. II from the Stop Island dike with S. 11615 (W)
from the Lighthouse Point dike, and S. 997 from the Brook sections, as
though in some cases, between the glassy margin and the center with
acid interstices, a zone occurs from 4 to 10 feet from the contact, where
there are traces of ophitic texture.

In the marginal sections from these dikes (Ss. 566, 949, 875, 933, 962, 11762,
11616 (W) of the Tighthouse Point dike) the LABRADORITE, remaining essen-
tially the same in character of extinction angles, ete., becomes much more
variableinsize, being as it were porphyritic, yet without any sharp line between
the larger and smaller laths. Enclosures of glass and iron oxides, marginal or
arranged parallel to (010), become much better developed than in the coarser
grained rocks. These enclosures are sometimes tubular. The way in which
the enclosures parallel to the lateral pinacoid are formed is well illustrated
by cases in which the feldspar runs out into split and forked laths charac-
teristic of rapid cooling (S. 11751). It often gathers into stellate radiate
groups, in making which the Baveno cruciform twins are prominent (S. 11484).
The already mentioned occurrence of younger sheaves of andesite feldspar

* See Kemp Bull. Geol. Soc. Am., 1893, V, p. 218, etc., also H. B. Patton in Ann. Report,
State Geol. Mich., 1891-92, p. 19.

+ Proc. Am. A. A. S. xxxviii, 1889, p. 246; Am. Geol., VII, 1891, p. 153.
+Compare the table of analyses at the end of § 11
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in the interstices of the ordinary intersertal, i. e., diabasic or tholeyitic, text-
ure, is rare (Ss. 11811, 11807).

The ATUGITE also tends to occur in the spherulitic groups already described.
‘When finer grained, it also occurs in rounded or idiomorphie granules which
do not fit closely to the feldspar. The olivine is in sharp idiomorphic forms
(Ct. Fig. 23 and 8. 11751}, 1. e. k (021) and b (010), and the cleavage face (100). It
is generally bordered with granules of iron oxides, probably due to incipient
alteration, or possibly magmatic absorption.

The iron oxides of the ground mass, MAGNETITE, are In those club shaped
forms of growth that commonly occur where there is a little glass left, and
are figured and described by Geikie* as characteristic of margins of
dolerite. It is true in our rocks also that such forms are characteristically
marginal. In S. 914 occur some brownish translucent branching forms, appar-
ently ilmenite. In S. 11878 is a deep brown glass with eutaxitic growth forms.

The distribution of these rocks which contain the acid interstices
confirms our conception of their character. They are character-
istically dike rocks and occur in all.the formations up into the Upper
Huronian, being scattered through the great band of greywackes and
slates that run south from L’Anse, and in fact everywhere except in the
Keweenaw and younger formations. Now why are rocks of this type
absent in the Keweenaw formation? Micropegmatite occurs only in
pebbles in conglomerates. From Isle Royale we have, as we have shown,
a continuous section of some 9,000 feet, represented by over 1,000 thin
sections showing rocks of very similar, we may say almost identical chem-
ical composition (compare the analyses of rocks in chapter IX with
those of the end of this chapter), of various degrees of coarseness, and
in all stages of surface decomposition. The acid interstices cannot
therefore be wholly dependent on chemical character or coarseness, for
we find all degrees of basicity of feldspar associated with great range in
coarseness and freshness among the Keweenawan rocks, nor on the sec-
ondary alterations such as have affected the Keweenawan rocks, nor,
as we have seen, on the dynamometamorphic alterations which have
produced the amphibolites. We seem driven to the conclusion to which
we came from internal evidence,—that the acid interstices are essentially
dependent upon some condition characteristic of an intrusive mass. It
may be a secondary alteration perhaps, if of a kind which does not occur
in flows. Solution of a siliceous country rock, or intermixture with an

#Trans. Roy. Soe¢. Edin. xxix, Pl xii, fig. 12, and p. 497. Cf. Rosenbusch, Mik. Phys., I
1892, PL II, fig. 5, and II, 1896, p. 1012

31
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acid magma as described by Winge and Moberg * will hardly cover the
case of a whole family of dikes, though it may be noticed that the kind
of effect produced by solution of guartzite and granite by a basic magma
would be expected to be analogous to that produced by an acid residual
magma. This being granted, the difference in structure and grain are
no argument against the conclusion supported by stratigraphic relations,
that the quartz diabases are coeval with some of the Keweenawan traps,
and are really their intrusive equivalents.t The orthoclase gabbro and
diabases of Irving have points of similarity with this group, but much
less acid feldspar.

We find indeed in the Keweenawan effusive rocks of similarly coarse
grain interstices corresponding to the acid interstices, but filled with
delessite, calcite like that which Tornebohm described as primary,
chalcedony, etc. The formation and filling of these cavities may be
explained as follows: The lava flow solidified first near the surface, and
the basic feldspar forming (as in Fouqué and Lévy’s experiments) before
the augite, made a sort of trellis-work through the whole mass, which
is thus rigid. Then the angite, the last to form, when it contracted in
erystallizing, left interstices not in this case filled with residual magma,
but with gas, giving the rock a porous yet not amygdaloidal texture, as
these cavities do not have rounded walls.

They are of course filled at the first approach to alteration, generally
first with a coating of delessite, whose fibers are at right angles to the
walls of the cavities. They may be filled in by percolation in various
ways Such an effusive texture is illustrated in Pl VI, fig. 3, while
the acid interstices are shown in Pl. XVL

In prosecuting these investigations it was of course important to follow
one dike from margin to center, just as Lawson had done,] and the results
of this study on the grain of the Lighthouse Point dike and one other,
are given in the table below. T'his table contains, beside the data as to
grain, measurements of the extinctions of the feldspar, and also, for
comparison, similar data from Lawson’s paper, from Fouqué and Livy’s
work on artificial rocks and from one of the large Keweenaw flows. In
Chapter V more data will be foand and Figs. 17 and 15 give graphic

representations.

#Rosenbuseh. Mik. Phys., IL, 1896, p. 1304, 1307; compare also Bayley U. 8. G. S., Bull. 108,
pp. 109-111, and Harker on the Carrock Fell gabbro, Q. J. G. S., 51, 1895, p. 125

4 Ail the similar rocks described by RRosenbusch, 1L, 1898, pp. 958, 1144-47, are also intrusive.
4 Am, Geol, VIIL, 1891, p. 153
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PLATE XVi
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DESCRIPTION OF PLATE XVI.

Tiustrates the acid interstices and mieropegmatite; the shading of the feldspar also indi-
cates the varying direction of extinction dependent on the acidity. Compare this plate
with Plate VI, Fig. iii; 35 diameters enlargement.

MICROPEGMATITE AND ACID INTERSTICES (8. 7931).




KEWEENAWAN DIABASES 243

The curves of grain of Fig. 17 indicate, e. g., for the dike of Sp.
11426 (see § 5) a central zone of uniform grain for augite about 2-3 the
total breadth; for the dike of Sp. 13749 a central zone of uniform grain
for angite about 6094 of the total breadth, and Lawson’s statements
are in harmony, indicating a similar zone less than 8094. 1f now we
use Pl IV to find to what elevation the curve numbered 8,
which represents the temperature 2-3 the way from center to margin,
continues to have practically the same slope as curves for points nearer
the center, we find it is somewhat above 30, the initial temperature
being 78.5.

Thus if we assume the constant temperature of the margin of the
dike to have been 100° C. and the temperature of solidification and au-
gite formation, after Barus (U. 8. G. S., Bull. 103, p. 54) to be between
1095° C. and 1170° C., we shall have for the initial temperature of the
dike, (78.5 =+ 30) X (1170 — 100) + 100 = 2900° C. as a maximum,
while if we assume, owing to the presence of water, a lower temperature
of formation for augite, it would not be difficult to suppose as low an
initial temperature as 1500° C.

Explanation of table:

In the first column is the number of the section, in the next six col-
umuns are notes on the composition, viz., in the second column the pres-
ence of micropegmatite noted by p, of quartz by q; in the third column
the presence of biotite by b; in the fourth, the presence of brown horn-
blende by h, or of uralite by u; in the fifth, the presence of apatite
by a; in the sixth, the presence of glass by g; in the seventh, the pres-
ence of eutaxitic growths of iron oxide by e; in the eighth, distance from
the margin; in the ninth, characteristic feldspar extinction angles and
miscellaneous notes; in the tenth, average length of feldspar laths, in
millimeters; in the eleventh, average breadth of same; in the remaining
columns, average linear dimensions of augite, magnetite and olivine,
respectively, all the dimensions being determined in the case of my
observations by measuring the dimensions of the largest individual in
three different flelds of view.



2
oy BPO'0 L0 | T T T e T T T T T T R s T e e sy 0 TUTT86E4L
80°0 =t | B 0 A0 T | S R 2464l
210 310 63 XU I [ 94edl
080 |t +¥ LT ST HHEeo08 | 3¢ ST rghedt
60 10 ¢ L T 1 T et o-end Mwmuwmmm e | peael
00 T Ee T 0 o8F-of¥ 188100usYd BIq loLE-oCE Mo@m-owm 087083 foFIoPT | 96 |TTTTT 84341
¢1'0 90316 b2 TO O (T | 088008 L o%161~oBI L oPE-obE L o8& olE ! obGoPEL| ary |----- e
s jeia Tl Batld | SR I el
‘mog Jo | .
-1edsplo] U3 JO S9[3UB UOTIOUNXH wo330q :%E%om
n wmouij yeay | 3¢ ON
&
wn
M PUCYSUILY Y T,
< % ........................................ -opmdo Apaed Auo ‘ojidne jxed 1 ‘ejtropraqer qaed 1 (9)
~ €190 FO'0 €40 [ B E onydo 'p pue g 1% Yoes SLBP ¢ ‘g 189V Je sAep p ‘9913ne xed 1 ‘ojrmaroue jaed 1 (q)
Q [ b pue ¢ 1% yowo sfep ‘g 'z 180 1€ SAep § ‘0918ne sqred g ‘oyiroue aed 1 () s91qdo
G000 ¢I00  40°0 e N ) 81 e onmAdIod {(pal A119Y0) 180 48 gy USYl 'DOJ00O ‘(SIPW
+ 19918} g 183 1B SINOY g ‘ouralo sqied ¢ ‘o918ne sjaed g ‘oiopeiqri siied g ‘odigdeiewr pue jresed
~ 10°0 ¢E00 C00 | S20°0 930 --T-g 1eoy e sAep ¢ 1doy ‘ondne qaed 1 ‘ejuropeiqe] siaed g (9juiydiod 91I0pRvIqRT
~q 20°0X90°0 | $10°0 X €30 ---$9AL8 ‘(911I0pRIQe] JO 9anjeIadma) UOISNY Jn0ogR ‘sjjom I9ddod ‘Sus1jos [9918)
W 189y 231U MOT '@ T ‘g 9€aY 18 shep ¢ 1day ‘oji3ne qaed [ ‘9se1003110 sjaed $ 1O posodwod :931Sepuvy
N
=< .
3] QUIATIO @Mwws Pudny “Tedspro.q (°g.~09 ‘8p dd ‘ggRT ‘010 UM SOp 9SPUIUAG) AT pup Do S0 sy204 [DRYNLY
.
b
=
!
-~
R L 2510°0 €00 |PO0'0 2900 |TT7T 0 | o i e
11 Tttt 981°0 80 900 980 |77 4 Tl T I
m T 040 00°g 010 680 |77779¢0°0 z3aenb Jo ouIg er |77 ol by
AY 7T 040 001 00 |77 $8°0 232800 Jo o715 “19WIBUD JO DUS 1B SISA[RUY gL 1 e | g |7l bl AT
P9T-€GT dd ‘ITA ‘TL81 TO9H "WV ‘OHIp pues] dojs S.uosx el
522 S A 000 10 91’0 00 R e e I i 22
9pLE1 50 900 30 910 G0 e e TTTTITT T 9RLEL
JA2% ) G or'o 40 20 | N e O N 5 24
8FLE1 080 80 €0 8 R e 1244
[} 2248 00°1 (8 80 T 7S R R R [ St el e (¢ 723 §
I8 ¥ ‘09 L ‘68 S 10 IPUI0D W S 89Ul JO

‘M seord gg “N seord 00Ql Fy q Avg UOnI PUD 2BUDY UOLT U0 N ULOLL PYIW PSVDQVID 2D

e . T R § se sredsplej 9yl JO SUOISUSTHIP 95vI0AT OY) SOALS SWRIIM
ego o1 |cmoag( T V(AL CIOLE ‘BLYIL ‘CLOTT oUDAULO))  "PILIYID $87] QO 2.L0UL 28400
08081 aro 1s0p D T I € s S 1 e [ et AP A et e A e I 0:€
PDIUOD SNOYS VOIS UL
20411 20 asup 90 | 11°0 20 PO DO O MO TN
2496 Tttt 300 900 10 S B P B 656
(4 S R R 910 20 N I DU DO P o6
€86 30 300 91’0 91°0 w e e g
!B Tttt 10 op°0 910 Gl
DACIIAY 7T 80°0 010 L0
11 eaedwo) ‘|RUISIBW (USOLI
R N : : P G T e L LR btk N 1 SN DA I N el b | 996
3 996 €0 0 20 g
% gpig | £0 90 g0 R I
m OHBIIAY T 910 ago <0
E IHIP I9Yjouet WO (AA) 80211 ardwmiop 'UTRLS UI 91VIPOWLIIUL (USILA
1N
[T CEEEE e " . R B L R T R R g T ¢ - _ P EE R R E R e [ d 156
4 90 01 g0 AT UV %09 A8 9 T ‘odl-oBl | oII-oIl ! Yo |l Iy 76
2 Wm“ .......... ¢ 01 g0 9r .w:owmw 26088 § O I A A d reg
496 90 g0 i g0 A1 - IO SO 5 IO A
s S R a0 Tl P00 87 [ I I B S PR R
] » o | e ? . 21 ® di |18
~ 18 @0 90 60 €0 8'1 » P R d 60
: 606 ¢0 L0 g1 £0 €1 Wre T R I -
=g 10 60 €1 vo o 9T é I q | d et
~ %m .......... [t 81 ¢0 81 %93 &l o © q q d 698
#0190 g galx| @8 8 2
sdnoast 103 BE |22l E1% 3 318 |ga ©
gpuemeAn |77 10 65T $EOX €91 g8 |ZE| Ao | g3 5182 9
-suaw Jo g8 IFE = EERE- <
BTIGAY 010 ‘solfure UoNoOuNxd Iedsprod 56 S ¢ mw mam S
= 1 =3 g 8.
e — g | s 5| |88 E
. - v ‘ ot
*JUIATIQ ,m%wﬂs 98Ny | ardsprog mom o ﬂ B
. -od47 TE1IUSD ‘O8IRO0D ‘USOLT
-H W Wl S1TONIISUOD JO SUOSUSWIP 930104V ‘G9OTT ‘00TY ‘2201T ‘(M) 4TI911 Buorsq dnoid sTyl O DHIP U0 9SNOUIGATL
-+
[} —




246 INTRUSIVE ROCKS

From these tables we see: (1) That the feldspar is very much coarser
in proportion to the other ingredients, in the dike than in the much
thicker flow, increasing in size toward the center, but increasing more
rapidly in breadth than in length. (2) In both dikes and flows the aun-
gite and magnetite are but dust or very fine granules at the margin
where solidification took place immediately after intrusion, while the
olivine and the feldspar even at the very margin have a notable size and evi-
dently began to form before the final arrival of the rock at its place of
rest. This is expressed in diagrams by the fact that the curves of size
for augite and magnetite begin at the margin at the origin of codrdinates,
while the others do not. The margin of a dike and the underside of a
thick flow have just the same microlitic and porphyritic texture, and in
both the feldspar has a porphyritic appearance, since beside the feldspar
microlites that had begun to form before cessation of motion, there are
smaller forked or skeletal feldspar microlites produced in the act of
solidification. As we pass from the margin, however, the distinction of
the two generations fades entirely away. In reality there never were
two distinet periods of feldspar formation, but as the feldspar was form-
ing. the chill from the contact intervened so as to suddenly wind up the
process with a whole crop of little crystals. Toward the center the pro-
cess continued with no intermission, and no marked break, as the change
in the rate of cooling was less marked. (3) The grain of the augite is
more uniform in the central part for the dikes than for the effusive.
This indicates, as above said, that they were injected at a temperature
considerably above that of the formation of augite. Suggestions that
similar facts are generally true, 1. e., the central part of the dike uni-
form in grain, and the margin for a narrow zone decreasing to aphanitic
texture, occur in other authors.*

1 wish to emphasize the fact that the feldspar began forming before
the augite or magnetite, because in spite of the clear evidence of experi-
ment contrary statementsare often encountered. In the dike the formation
of the feldspar seems to have continued without sharp interruption
throughout the formation of the rock (though, as shown by the gradually
changing extinction angles, it contains a gradually increasing percentage
of N1,0) and thus overlaps the formation of the augite at both ends. In
the flow, on the other hand, the formation of the feldspar was sooner
stopped and it is sharply automorphic.

sLawson, Am. Geol., VII, 1891, p. 154; Bull. Denison University, II, 1887, 2, p. 134.
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& 7. Alteration forms of quartz diabase.

(a) Atmospheric. As we have said, the direct action of the atmos-
phere produces a narrow brown zone in which the augite weathers to
iron hydrates and from the surface of which the diabasic arrangement of
the feldspars and the granules of the magnetite project.

Another form of alteration, somewhat deeper seated, has been very
carefully studied by Mr. Patton, and is given in the following descrip-
tions. I will only add that this alteration is described by Van Hise *
and by Rominger {, and has been already briefly referred to by Patton in
the 1892 report, etc.

(b) Kaolitic alteration of diabase. (1L. B Patton.)

S. 13456.

Diabase.

Cleveland Mine, Lake Shaft. Sec. 20, T. 47, R. 27.

Hand specimen. Rather fine grained; massive; dark gray; but weathers
brownish. Fracture uneven.

U. M. Underthe microscope the two principal ingredients, plagioclase and
augite, are about equally abundant. The former is quite fresh, has well
formed lath shape, and shows frequently a symmetrical extinction angle of
about 30°; it is, therefore, labradorite.

The augite shows rarely crystal faces. Its color is reddish yellow. It is not
as fresh as the labradorite, but contains more or less unrecognizable clouded
substance of a greenish color.

Accessory; iron ore abundant as usual, and a little apatite.

A few small patches of vivid, dark green color, occur. These appear to be
scaly in structure and to have not very high double refraction.

A chemical analysis of this rock made by Mr. Fred F. Sharpless is given at
the end of the chapter.

S. 13457,

Chlorite schist. (Patton.) Cleveland Mine, Lake Shaft. Sec. 20, T. 47,
R. 2%

Dike, cutting ore.

H. Sp. Has a crushed, schistose appearance; color dark gray, stained red
with iron oxide on the surface. Feels greasy and has earthy smell.

U. M. Consists principally of a crushed, schistose, dark green, chloritic
mass, throughout which are thickly scattered dark red hematite scales and
powder.

Numerous colorless or light green patches are composed of minutely crushed
feldspar, or probably of quartz. Thatsome of this is feldspar is indicated by an
occasional grain large enough to give a biaxial image in convergent polarized
light.

This rock is very likely an altered diabase.

=T, 8. G. S., Mon. XIX, pp. 357 to 358.
+Geol. Sur. Mich. V, Pt. I, p. 38.
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S. 13438.

Diabase altered to ferruginous kaolin. (Patton.)

Cleveland Mine, Lake Shaft. Sec. 20, T. 47, R. 27.

H. Sp. Dull greyish red rock, soft and greasy to the feel, and with strong
earthy smell.

T. M. shows the diabasic structure as No. 13456. The feldspar laths, how-
ever, have been altered into a white earthy substarice, so fine grained as to ap-
pear almost isotropic; the augite is altered into a dirty brown, colorless opaque
earthy aggregate. This substance is partly white, partly black ore dust and
largely brown hematite.

The original magnetite grains appear to have remained unaltered and in ad-
dition there have been formed a very few small grains of quartz.

That the main mass of this rock is kaolin, is to be seen by comparing with
No. 13459.

No. 13459.

Diabase altered to kaolin.

Cleveland Mine, Lake Shaft. Sec. 20, T. 47, R. 27.

H. Sp. Fine grained; soft and earthy; color very light gray, almost white.
When scratched the streak is reddish, due to the presence of small particles
of red oxide of iron, which, when thus crushed, is spread on a greater surface.
The rock has a slightly greasy feel, a strong earthy smell, and adheres strongly
to the tongue.

U. M. The original diabase structure is even here still plainly preserved,
but both feldspar and augite have been altered into an excessively fine powder
like that in No. 13458, but which contains a smaller amount of discoloring iron
oxide dust, and with which occur very small angular grains of quartz that
form perhaps one-tenth of the whole mass.

Although the hand specimen is so light colored, there are still left appar-
ently all the original grains of magnetite unaltered. These on account of the
contrast in color appear to form much more of the bulk of the rock than is
really the case.

Preliminary experiments were performed first with the blowpipe, afterwards
by means of microchemical reactions with hydrofluoric acid, for the purpose of
determining the nature of this white powder.

B. B. It is infusible, gives off water and becomes blue when ignited with
cobaltic nitrate.

These tests which indicate the presence of alumina and water agree with
those for kaolin, and were confirmed by the microchemical reactions. These
latter gave no trace of potash, magnesia or soda, but showed the presence of
silica and alumina.

If any doubt counld exist as to this being kaolin, it is removed by the
chemical analysis of the whole material of the rock made by Fred F.
Sharpless of the Michigan Mining School.*

*Below, p. 250.
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In the analysis the amount of silica is, of course, augmented by
the presence of free quartz. Of the iron oxides present all the FeO,
0.2294, and a proportionate amount of the Fe,0;, namely, 0.499¢, is in
the form of magnetite, which forms, therefore, 0.7194 of the whole. As
most analyses of kaolin show about 8% of Fe,0;, which, as in this case,
is probably due to the présence of limonite, it is hardly worth while to
consider separately the amount of this mineral. The remaining Fe,0;,
therefore, namely, 2.07%; will be thrown in with the kaolin.

To estimate what the relative amounts of kaolin and of quartz are,
the average composition of kaolin was taken from Dana’s Mineralogy
and is given below.

( 810, 47.60

o . ) ALOs 35.15 4
Average composition of 10 analyses of kaolin 4’ Fe,0s 3.05 § 38.80

{H,0 1320
This gives us the ratio between the sesquioxides, silica and water to be
38.80 : 47.60 : 18.20. Now as all the sesquioxides in this rock may be
assumed to belong to kaolin, namely 80.78 94 (28.66-2.07) the relative
percentages of Si0, and H,O required for the kaolin may be found by

- means of the above ratio; for instance,

R,0; (Dana) : R,0; (found) = Si0, (Dana) : Si0O, (required)
38.80 : 30.73 = 47.60 : 37.50
Similarly for H,0
38.80 : 30.73 = 13.20 :10.43
hence we have

30.73 R0,
37.50  Si0,
10.48  H,0

78.6694 kaolin
This represents the proportion of kaolin present in the rock under

consideration. The remainder consists of about 19 magnetite and
impurities and about 2094 quartz.

In the above reckoning it is noticeable that the estimated amount of
water, 10.4394, very closely agrees with that actually found, 10.50%,
which may be taken as additional evidence that the white mineral is
kaolin.

The chemical change which this diabase has undergone may best be
seen by comparing the above analysis, which is here repeated, with that

of the comparatively fresh rock, No. 13456.
32
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From this table one might infer that there has been considerable gain
in silica, alumina and water, and a loss of all other ingredients, but with
the attainable data it is impossible to prove that the gain in part of the

L : 1L IIL IV. V.
No. 13456. No. 13459, Material Material ( Apparent
Unaltered Altered apparently apparently | percentage

rock. rock. 1ost. taken up. i of gain.
47.99 5822 Lo .. 10.23 ! 21.32
16.57 12.09 | 72.60

6.01

513

2.71

trace

9.36

6.01 H

1.39 :

2.00 |

2.64 7.88 i 208.48

|
Total.......... 99.81 100.35 !

substances is a real one, with the exception, perhaps, of water. In this
latter case the gain is too large to be explained away, and, further, an
increase of water over that in the original rock is imperative for the
formation of kaolin.

If it were possible to prove that any one of the important ingredients
had remained constant, or if it could be shown how great had been their
loss or gain, it would be an easy task to figure out the actual loss or gain
for all the other ingredients. In the absence of any such proof we may
assume that a loss of silica is more probable than a gain, inasmuch as
the alkalies and probably some other substances went off in the form of
gilicates. Further, if there has been an actual increase in the amount of
silica there must have been a corresponding increase of AlyOz. This is
highly improbable on account of the difficult solubility of this substance?
On the other hand it is to be expected that this most stable of all the
compounds present in the original would be affected least in the process
of alteration.

Lot us assume, therefore, that the AlsO5 has remained constant.®* It
appears from column V in the above table that there has been an appar-
ent gain in AlyO4 of 72.9094 while the HpO has increased 298.48%, but
Si0; only 21.329;. The apparent increase in SiOy is less than one-third
that of AlxOs, i. e., if AlyO3 has remained constant, as is probable, then
there has heen an actual loss of SiO,. In other words, although the

* As do Merrill and Smyth, Bull. Geol. Soc. Am., volumes VI, VII and IX [Lane].
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product of decomposition is much more acid than is the fresh rock, this
acidity is gained by the loss of the basic elements and not by the increase
of S10,.*

(c) Uralitic alteration.

In the common alteration of the rocks of this group I have not
happened to observe any shearing action such as Williams found in one
of his slides, 8. 11616 (W).

Almost the first thing to change is the olivine. In none of the sections
is this absolutely fresh. The margin and cracks hecame lined with
secreted iron oxide granules, and little green fibres. These little green
fibres wander off into cracks in the feldspar, and into the acid interstices.
They may gradually increase until they replace the olivine entirely.
They are pleochroic and have an optically positive elongation while non-
pleochroic sections show a negative uniaxial image. The birefraction
seems to mount about to 0.019 (8. 965) or to 0.017 (8. 909) as a maximum
in the strongly pleochroic sections. ™This substance has undoubtedly
been called serpentine, but careful study shows that it is rather foliated,
that it has transition forms to brown mica, from which, or rather from
green mica it differs only in the strength of its birefraction, or in other
words that it is intermediate between biotite and chlorite. ~When it
replaces the olivine it is sometimes uniform in orientation (See Fig.
29, which may be compared with Fig. 23).

Something like what we have described has been also mentioned by
Brauns} and called villarsite. Since, however, that is a transference of
an old name to a new sense, a doubtful proceeding, and we do not really
know the composition of the mineral that we are dealing with, and inas-
much as it seems to me to belong in all probability to the morphotropic
series of mica-serpentine-chlorite,] standing intermediate between them
in optical properties, it seems to me that mica-serpentine or green mica
will suffice for a name.

# 1t will be noted that the analyses of the fresh rock and the conclusions of Van Hise
and Patton, worked independently andon different occurrences, are almost identical [Lane].

1 Zeit. d. Deutsch. Geol. Ges., 1888, Vol. XI, p. 467.

+ According to Clarke's investigations of the compositions of the silicates, Am. J. Sei,
XLIII, (1892), p. 190; Bull TU. S. G. S., No. 125, olivine and serpentine, mica and chlorite
have a close analogy in chemical construction, all being formed out of Rj3(SiO4)¢ with R
in oiivine Mg)9; with R in serpentine in part

Mg—

| , in part H-O-Mg—,

Mg—

in part H—;
with R in chlorite made up of the same molecules as in serpentine and also the radical

B0 a1
while in biotite in addition to the above bases we have an alkall radical containing
(K — O — Al =) or something similar.
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This change to green mica is not the only one that the olivine under-
goes, although it always seems to be the first step after the secretion of
iron oxides. In the center of the olivine pseudomorphs we have at times
a colorless mineral of strong birefraction that I take to be tale. Carbon-
ates also occur, and sometimes the olivine in alteration becomes pleo-
chroic, yellow to reddish brown (Ss. 869, 941), apparently what has been
called iddingsite.* This form of alteration seems to be more common,
however, in the Keweenawan flows. '

The beginning of the alteration of the augite is a fine lamellation or
striation, parallel to the basis if it is changing to chlorite (Ss. 9290, 11735)
or to the vertical axis if it is changing to uralite. The alteration spreads
particularly from the olivine grains. Soon the change to uralite is fairly
under way. At one stage the altered augite becomes almost opaque (S.
917}, brownish, and fibrous (S. 906). Then working in from the mar-
gin it becomes greener (8. 936) and more clearly uralitic hornblende.
At the same time the uralite encroaches on the feldspar (8. 917) and
shows more distinct polarization colors. The color of the uralite near
the feldspar has a more greenish or bluish green tinge ( more alkali ?)
while near iron oxides the color becomes more brownish ( more iron ?)
(Ss. 917, 991, 757). In.the process of alteration occur grains of a yel-
lowish epidote (S. 761), whose elongation appears invariably negative, i.
e, it is probably flattened parallel to (100), and also twinned parallel to
this face. The faces (001) and (101) also occur. Folia of brown mica
oceur (Ss. 11875, 937) at the margin or in adjacent interstices.

The first sign of alteration in the feldspar is generally its invasion
along cracks by little folia, which at times exactly resemble the green
mica that is produced from the alteration of the olivine, at other times
seem like ordinary chlorite, and at other times (S. 880) pass distinctly
into brown mica. Another type of alteration is shown in the occurrence
of semi-globular brown micaceous patches (8. 11801). When the feld-
spar is very largely replaced (Ss. 907, 1071) the chloritic character of the
replacing mineral is unmistakable, and with this chlorite is also associ-
ated an epidote, not so yellow as that which occurs in the chlorite that
replaces augite, but more like zoisite in optical properties.

The iron oxides occur in two forms in the altered rocks. 'The large
original grains of intergrown magnetite and ilmenite turn to the white
opaque substance known as lencoxene. This change apparently begins

* Lawson, Bull. U. Cal., Geol. Dep., I, p. 31
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with the ilmenite, and thus we have (S. 791) angular pseudomorphs of
leucoxene striped with bands of iron oxide, a phenomenon often here-
tofore noted.*

Beside these, sprinkled all over the rock, especially in the uralite, are
minute granules of lencoxene and iron oxides.

Pyrite also occurs occasionally, but I have seen nothing absolutely de-

cisive as to its primary or secondary origin.

$ 8. Teschenitic diabase.

The younger dikes of the iron-bearing or Huronian formations belong,
as we have said, with great uniformity to the quartz diabase family
just described and its immediate kindred marginal forms. The diabase
granophyrites and olivine diabases are but slight chemical modifications,
of no geological moment, and apparently of comparatively rare occur-
rence. All the other basic igneous rocks that have not suffered uraliti-
zation are but rare exceptions. There are the peridotites and serpentines,
and the rocks grouped under the name of lamprophyre may be akin but
are excessively altered and are, I feel confident, dike forms nf peridotite.
Then there are one or two rocks whose field relations are somewhat sus-
picious, and seem to be Keweenawan in type, and may be from the drift,
as S. 1846 from 1. 42, R 31, an anorthite rock ; S. 10161, 430 paces N.,
2000 paces W., Sec. 20, T. 43, R. 33. One peculiar type which I should
expect to find rich in TiOz is S. 513, which we may provisionally call a
teschenitic diabase. Its description is as follows:

S. 513.  Teschenitic diabase.

(Diabase; Wright.)

Nineteen hundred eighty paces N., 1565 paces W., Sec. 6, T. 50, R. 30, at
falls ten feet high.

Strike N. 70° W. Dip 8. 70°.

H. Sp. Fine grained; massive; dark gray with the diabasic laths barely
visible to the naked eye.

U. M. Shows abundant plagioclase laths with interstitial violet brownish
augite, plates of hematite or ilmenite, considerable uniformly distributed
iliomorphic brown mica. In addition there is much green substance of at
least two kinds.

Accessory; apatite, carbonates, titanite.

The feldspar has the usual characters of diabase labradorite. It is much
clouded, especially along cracks, etc., by little scales of the green substance

#Rosenbusch, Mik. Phys., I, Pl. XV, fig. 2; Wadsworth, Minn. Geol. Sur., Bull. II, p. 64
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that have the properties of sericite. Sometimes the sericitic matter is massed
together in the interstices, in which case irregular aggregates of titanite (?)
are enclosed. The interstices not filled with augite are, however, more com-
monly filled with a greenish substance of lower double refraction, in radiating
(4 ) fibers.

The augite is rarely idiomorphic, but sometimes distinctly so. It is dis-
tinctly pleochroie, b always more reddish, while the other axes of pleochroism
probably do not coincide with the optical axes. Inthedirection of the crystal-
lographic axis, a, thelight transmitted is light green. The color of the other
axis is much like that || to b. The optical angle about ¢ is moderate. One
axis is much more dispersed that the other, and other sections show that it is
the axis nearly parallel to the prism with » > v as shown in Fig. 28,

The brown mica is thoroughly compact and idiomorphic, apparently uniaxial.

Apatite needles are abundant.

This rock in its tephritic augite, primary biotite, abundant apatite, and
peculiar alteration, has stronger affinities with the teschenites, than with
the kersantites. I would still keep it in the diabase group as a tesche-
nitic diabase.

§ 9. Diabase granophyrite.

A few sections and specimens may be referred to this rare petrographi-
cal type, which is probably only an extreme facies of the quartz diabases,
since Williams’s section from the Lighthouse Point dike, S. 11675 (W),
seems from his description to have belonged to this type. This agrees
with Rominger’s remark that the supposed westward continnation of the
Lighthouse Point dike contains more red feldspar.* Indeed it would
not require much imagination nor twisting of the strikes to make the big
dike at the llolyoke adit, Sec. 2, I\ 48, R. 47, which we take as the type
of the diabase granophyrites, continnous with the Lighthouse Point dike.

Some of the quartz diabases mentioned by Rosenbusch, and the
Vosges ““‘gang-granophyres” with labradoritet are probably similar. The
relation to Lawson’s diabases from the north shore of Lake Superior is
discussed above and in § 11. . D. Adams has also encountered similar
rocks in Canada. As we shall see in § 11 when we take up the chemiecal
relations of the group, though these rocks are chemically much more

# Geol, Sur. Mich., 1V, n. 147, To the kindness of Messrs. Sutton and Seaman I owe an
opportunity of examining some sections from this locality, Sec. 18, T\ 48, R. 25, near the
Brewery, viz. Nos. 38194-6, 425  The augite, labradorite, micropegmatite, apatite, mica,
ete., are as in 7931, and the micropegmatite is nearly or quite as abundant. There is much
greater yellow staining and somewhat greater alteration of the augite. It should be said
that the above gentlemen notice the micropegmatite mainly on top of the outcropping
knob and take it to be secondary.

4+ Mik. Phys., 1896, II, pp. 1111, 1144, 649,
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acid than normal basaltic rocks (see analysis No. VI, at the end of the
chapter) and thus akin to the diorite porphyrites, in texture, ‘mineral
composition and geological occurrence they are an extreme form of the
quartz diabases. Analysis VI shows much more iron and less alumina
than the true intermediate rocks, as may be seen by comparing the
analyses quoted in Zirkel’s Lehrbuch der Petrographie, 1894, II, pp.
485, 503, 545, or the analyses of porphyrites given by Cross in his discus-
sion of laccolitic rocks.*

The following specimen is like this group, and very much like the
salite dioritest but finer grained (augite about 1 mm. in diameter.)

No. 6963 (5716).

Quartz diabase, or augite granophyrite.

(Altered diabase; Wright.)

Six hundred fifteen paces N., 1992 paces W ., Sec. 8, T. 47, R. 45; from pit No.
7, 18 feet from surface.

U. M. Isa moderately coarse rock with long slender reddened laths of olig-
oclase, and about equally long and slender light colored but much altered
pyroxene. There are also grains of magnetite, sometimes apatite.

Interstitial: much quartz, orthoclase often granophyric, secondary epidote,
chlorite. )

The feldspar is always reddish, even in the granophyric growths. It is in
spots replaced by a positive chlorite of considerable birefraction.

The feldspar extinctions are moderate (19°-14° with 9° in an albite Karlsbhad
twin).

The forms are very sharp. The twinning lamellse are not numerous,

The pyroxene is altered into hornblende and chlorite. Both alterations pro-
ceed along the basis, and where we have (100) twinning as very often happens,
give a herring bone pattern (augite extinctions 41°-43°, 41°-48°). The augite
is often in stellate groups and there is one group which is composed of two
orthopinacoid twins at right angles which suggests a twinning after { TIT).
The alteration is precisely that described by Tornebohm in the Konga diabase,
and does not attack a brown marginal hornblende that occurs around the
augite.

The quartz is in irregular grains with a granophyric border against the
feldspar. When the micropegmatite shows, as often happens, rod shaped
forms, these have ex. 0°. Most of the apatite, which has enclosures down the
middle, lies in the micropegmatite.

The iron oxides are sometimes coated with leucoxene, and occur in large
irregular grains, with indications of erystalline form.

The chlorite has essentially the same properties whether in the augite, the
feldspar or, as happens to a limited extent, filling the interstices with an

# Fourteenth Annual Report, U. S. G. S., p. 227,
4+ See footnote at end of section.
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irregular aggregate of fibers. It often borders the feldspar all around. When
it enters the feldspar it willingly follows the twinning lines parallel to the
elongation in marked contrast to its arrangement in augite.

This rock answers to the quartz, i. e., Konga diabase of Tornebohm most
nearly in the idiomorphic augite with (100) twinning and decomposition, in the
apatite and the magnetite, and the guartz and the granophyric growths. The
only point of difference is that the pyroxene is here mostly light colored but
it seems to me that the blanching may be a first step toward alteration. The
brownish hornblende also occurs so irregularly at the margin of the feldspar
that that might be secondary too. The rock must, however, be extremely acid
for 'a diabase. Some of Irving’s augite syenites are probably akin; it is
weathered but not metamorphosed.

S. 14631, 455 paces N., 1325 paces W., Sec. 35, T. 49, R. 27, is probably of the
same group; the augite is wholly changed to chlorite.

S. 7931,

Quartz diabase, granophyrite; Patton.

(Diabase; Wright).

Twelve hundred sixty paces N., 460 paces W., Sec. 2, T. 48, R. 27. Dike in
ravine.

H. Sp. Medium grained; massive; very dark green, with reddish spots.

U. M. Shows the structure of a tholeyite, namely long lath shaped plagio-
clase, with mostly allotriomorphic grains of augite, iron ore, and a little brown
biotite, and a well developed mesostasis. The mesostasis is here unusually
abundant, occupying about one-third of the whole. It consists essentially of a
beautifully granophyric intergrowth of quartz and feldspar (Pl. XVI) (prob-
ably orthoclase®), with which occurs here and there a grain or two of quartz,
and a greenish, often radiated aggregate of a micaceous mineral having the
pleochroism of chlorite. Very characteristic for these acid interstices are
very long threadlike needles of apatite which pierce through granophyric
aggregate and mica and often extend out into the main rock, cutting into or
through feldspar and augite. Frequently half a dozen or more needles run
parallel to each other, looking like scratches in the slide.

The feldspar of the granophyric interstices shows no twin striae. It is

stained a deep reddish brown.

The feldspar (labradorite) is the only ingredient which possesses idiomorphic
form. All others are irregular in shape except where they come directly in
contact with the acid interstices.

The augite is of a light violet green color. It shows sometimes an alteration
into brown hornblende. This seems to take place next to the acid interstices.
More usually it shows an alteration into a slightly greenish substance which
penetrates from the edges into the augite grain. Only in sections parallel to
the clinopinacoid (010) does the substance appear to assume definite shape.

# Determination by Becke's test shows that, as is generally true in the micropegmatite,
the greater index of the feldspar is less than the less index of the associated quartz, and
s0 it must be either albite or orthoclase, and the K,;O in this specimen (analysis VI at the
end of § 11) shows that it is the latter when we consider how much soda is required for
the labradorite. [Lane.]
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Here it has a fibrous appearance, the fibers being parallel with the basis of
the augite. It shows an extinction angle of about 20° and has a double refrac-
tion about equal to that of hornblende. (The extinction is inclined 20° to the
basis of the augite.)

The relative ages of the plagioclase and augite are uncertain, for the augite,
though mostly of irregular shape, often encroaches to a slight extent upon the
plagioclase.

This rock is an extreme form of the granophyric quartz diabases, but scems
wortbhy of a special name.*

*Bayley's reference to quartz diabase, U. 8. G. 8., Mon, XX VIII, pp. 519-520, comes to hand
while this volume is in press, just in time for notice. The occurrence which he takes as a
type of quartz diabase, I had considered best described as an augite (salite) diorite and had
not intended to include it in this group, although I had written **this rock resembles the ural-
ite granophyrite ” (see above, p. 255). ““No. 6963 very markedly and hence is connected with
the diabase granophyrites of which it may be an extreme form.” Dr. Hubbard indeed was
inclined to class it as a syenite, and on revision I am inclined to agree with him and a refer-
ence to augite syenite would not be unnatural. It is referred to by Brooks, Wis. Geol. Sur.,
1879, Iil, p. 568, as related to the Picnic Point rocks near Marquette, which have been
called porpbyritic hornblende diorite, hornblendie syenite by Wichmann, porphyritic syenite
by Rutley, diorite or amphibole granite by G. H. Williams (U. 8. G. S., Bull. 62). As Bayley's
map shows, its occurrence is in a small massif over one-quarter of a mile in diameter. 1t may
be related to the normal quartz diabase somewhat as the melaphyre porphyrite is to the
ophites, but in addition it is decidedly more like a deep-seated plutonic roek. Our section
13024 is considerably coarser grained than any of Bayley's (Nos. 16748, 16750, 16890), however.
Bayley's sections are as fine for illustration of micropegmatite as I have seen, and they are
remarkable for the exceeding fineness of the interdigitation of quartz and orthoeclase which
is at times almost submicroscopic, and finer than usual in the quartz diabases. I have also
been permitted to see the seetions of the Michigan College of Mines, Nos. 38300-38360, from
this same knob. ’

The hand specimen shows blades of a dark augite, hard, but without the silky lustre of
hornblende. These blades are up to 12 mm long, or more, and often about 10 mm. In nearly
equal proportions a red feldspar is present, which is often in narrow striated laths, in lengths
running 5, 4, 3, 3mm, and but amm. orsobroad. Under themicroscope weseelonglathsof acid
oligoclase or orthoclase, which run out into marginal intergrowths with interstitial quartz.
There is also chloritized green mica with well marked halos, ilmenite partly changed into
leucoxene, and most remarkable of all very long crystals of colorless pyroxene much decom-
posed, but changing into a greenish brown mica and generally not into hornblende. The py-
roxene seems to have had originally an hourglass form, with the outer layers most liable to
attack and hence more changed into mica.

So far as the general question of the origin of micropegmatite is concerned, Bayley's sec-
tions, especially No. 16750, certainly show cases where the micropegmatite appéars to
replace the older feldspar, and I presume one inclined to that opinion would look at them as
proofs of the secondary crigin of the feldspar. And vet I cannot rid my mind of the concep-
tion that it is & magmatic action, that the older feldspar has been attacked and corroded in

the fashion described by MichelLévy. (RochesEruptives, pp. 3, 4; Cf. Ros., 1896. II, pp. 216-230.)
However, whether secondary or magmatic in origin, it is much easier chemieally to coneceive
of a saturation of a potash feldspar by quartz in such way as to convert it to micropegmatite
than of alabradorite, and in this Michigamme knob even the older feldspar which apparently
hasbeen corroded, and is replaced by micropegmatite, is largely orthoclase (not twinned, both
indices of refraction much less than the lower index of quariz, appropriate extinctions
microcline structure oceasionally visible but mainly in the younger fresh generation) or
albite, AbjgAn; (about 5% An, Manebach twins very common, also pericline, Karlsbad and
albite laws). The greater index of refraction is very close to the lower one of quartz, the
lower index much less;
Extinetions +4° +9° with 18° -}-7° Karlsbad

8° —16° with —12° Karlsbad

9° —13 with 9° —9° Karlsbad

9°  11° with 16° —5°

23° —14° with 10° 417°

10° —10°

8% —4°)

Hence in this knob one difficulty in the way of accepting the secondary origin of miero-
pegmatite, viz., the rarity so far as reported of a secondary alteration which increases the
percentage of potash (Ctf. Merrill, Rocks, Rock Weathering and Soils, and C. H. Smyth, Bull
Geol. Soc. Am., IX, p. 257), is removed. .

It should also be said that Bayley’s sections are distinctly finer grained than mine. The
feldspar does not oceur in diabasic laths but in hypidiomorphie rectangular areas with oceca-
sional longer laths, as in granite. Similar may be the occurrencesof micropegmatite eited in
Ros. 1896, 11, pp. 215, 219. If we assume all igneous rocks to be derived byliguefaction of g solid
crust by relief of pressure, as I am inclined to think (Bull. Geol. Soc. Am. V, p. 269), the ap-
pearance of the micropegmatite could be explained as due to a relief of pressuré leading
t0 the corrosion of the earlier erystals, followed by speedy solidification of the partially
liquefied roek as micropegmatite. But it is also conceivable that the potash which is leached
out in ordinary weathering may be deposited in the shape of micropegmatite at greater
depths. But unless these depths are very considerable I cannot understand why the micro-
pegmatite is so confined to intrusive rocks as it seems to be.

33
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Tabulated observations by Lane on dike of Holyoke adit.

Extin(}:tion Si f feld- | Size of augite Size of
iti and character angles ize of feld- Z aug Size o
Igiolie,?f Composg}ogeldspa.r. observed | spar in mm. grains. magnetite,
' in twins.
7931 AbjAn;;moderate extine- | 21: . 1x0.4
tions but lower than |[)17 -21O
usual in quartz diabase. j‘ {l;zl;—lo
§ 19°-14°
t9°
7940 Small extinction angles. 3%0 X 81(1)3
0.6 0.1
av. 0.4 x0.08 03%02
795 i i 0° 0.6 001 .3x 0.2
7954 Agfxglnel small extinction o 96 00 neas 2
’ 0° av. 025
795 © 1.3 0.2 0.7x03
T AbrAm. 15°-21° 1.0 ; 0.3 0.% near center
14604 Ab,An,;; small extinction 0°- 0° 18 0.2 83 86; 82 33
angles. 0°-10° 14 03 . . .5 0.
° 0°-15° 2.0 03 04 03 05 0.2
2°- 4° 1.7 03 0.38 0.33

§ 10. Contact action of diabases.

The various diabases probably have the same contact action, regard-
less of the variety to which they belong. The considerable variety
in the character of the contact zonesseems duerather to the different char-
acter of the country rock or to the different physical conditions at the time
of the formation of the contact zones. At any rate we have not noticed
any connection between the character of the intrusive rock and the vary-
ing character of the contact.

(a) Production of touchstone or lydianstone.

Perhaps the most simple form of contact zone occurs in the slates,
when the rock adjacent to the dike issimply indurated, so that the cleav-
age is destroyed, and is replaced by a conchoidal fracture, while the rock
becomes much harder—in fact a regular touchstone, i. e., lydianstone
or basanite. Such contacts are illustrated by specimens between Sp.
407 and Sp. 415, T. 48, R. 28, and between Sp. 382 and Sp. 392, about
225 paces N., 825 W., T. 49, R. 28 and by Sps. 10155, 10166, 10312,
but is perhaps best studied in S. 9396, 920 paces N., 550 paces W., and
S. 9397, 925 paces N., 555 paces W., Sec. 28, . 51, R. 31, altered by the
olivine diabase dike represented by S. 9398.*

The unaltered rock is represented by S. 9395, 1940 paces N., 1478 paces W., Sec.
23, T. 51, R.31, from theslate quarry not far off. Itisacommon blackslate, with
,T.

*Of. Bull. Denison University, II, 1887, Pt. 2, p. 127,
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noapparent grain, very slaty, yet the cleavage isnot perfectly smooth. A joint
plane is coated with pyrites. Under the microscope it shows a cryptocrystal-
line quartz-feldspar aggregate, with minute folia of mica, and chlorite, and is
much clouded with irregular black carbonaceous dust. There are in it also
recognizable grains of leucoxene and iron oxide and minute prisms of tourma-
line such as characteristically occur in these slates, doubly terminated, 0 R
(or + % R) bluish; brown, R, antilogous.

Now Sp. 9396 has no apparent grain nor cleavage, but a flat conchoidal frac-
ture, full of glistening points, which give it a more siliceous appearance, and it
is indeed harder than 6, and is a genuine touchstone. Under the microscope
we see that the rock appears very much clearer, and more like the secondary
ground mosaic of a quartz porphyry. The mica folia appear fewer but better
defined and the tourmaline somewhat scarcer. This last fact may not be con-
nected with the contact zone, however.

The rock producing this alteration is an ophitic olivine diabase, with the
olivine thoroughly altered. In this connection should be mentioned Sp. 9397,
a graywacke, which is farther from the contact line but appears somewhat in-
durated and reddened as by igneous contact.

(b) Spilositic alteration. A somewhat different alteration is illustrated
by Ss. 13776 to 13779 of Sec. 9, T. 51, R. 31, and also by 8. 9323, abont
six feet from the contact with Sp. 9324 (a quartz diabase), 200 paces N.,
1900 paces W., Sec. 22, T. 50, R. 33,—also by S. 9327, 300 paces N.,
1420 paces W., Sec. 22, T. 50, R. 33, near which is Sp. 9326. Sp. 13323
is akin.*

S. 9323 is a coarsely fissile rock, dark gray, turning lighter brownish green,
and under the microscope appearing to be a very fine grained chloritic rock,
peppered over with iron oxides, showing some sericite and a quartz-feldspar
background which extingunishes in fiecks. There is also some leucoxene and
not a little of the carbonates. The flecks appear due to a prevalence of green
mica over chlorite and a somewhat coarser quartz-feldspar aggregate. Be-
tween the flecks the aggregate, through its self-compensating action, gives low
polarization colors and the chlorite is of course almost isotropic. No trace of
the flecked appearance can be seen without the nicols.

In S. 9327 the spilositic flecked texture is much more pronounced. Chlorite
is absent and sericite or kaolin abundant in the flecks, and immediately about
them is a darker zone of iron oxides and chlorite. The margins are clear and
the center rusty with iron oxides. To the naked eye the round reddish flecks
on a greyish green ground are plain and very abundant. The rock is highly
fissile, soft, and has a strong earthy smell.

(c) Alteration of granite. Upon granite these diabases produce a red-
dening which is shown in Sp. 382 and Sp. 383A from Sec. 19, T. 49, R.

*See Geol. Sur. Mieh., V, Pt. I, p. 66; Cf. Analyses D. and E, U. 8. G. 8., Bull. No. 148, p. 97.
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98, but especially well by the following snite:  Sp. 11801, a fresh quartz
diabase dike, 40 paces N., 850 paces W., Sec. 3, T. 48, R. 25;
Sp. 11802. a piece of the same, enclosing a small reddened fragment of
the granite gneiss; Sp. 11804, a piece of reddened granite from the co.n-
tact; Sp. 11806, a piece of a granite dike in the granite gneiss, which isit-

self altered in the same way. '
To the naked eye the main feature is the reddening already mentioned,

and the microscope does not show much more alteration. The deserip-
tions of Ss. 11802 and 11804 will be sufficient. They are as follows:—

S. 11802.

Gneiss reddened by the visible contaet of the marginal facies of a quartz
diabase, No. 11801. N . .

Thirty paces N., 850 paces W., Sec. 3, T. 48, R. 25. Contact of dike with
granite on S. side. ¥or a distanee of from 2 to 4 feet on each side of the dike
the granite is very red. . -

TI.Sp. Shows a reddened granitic patch adjoining a very fine grained por-
phyritic blue-black trap like No. 11762. .

TU. M. Is composed of quartz, reddish discolored feldspar, brown mica,
chlorite and carbonates.

Accessory: apatite. ‘ .

Eneircling about half the slide, as a rim, is a narrow zone of a basic rock
with ferruginous base and sharply outlined little laths of plagioclase that have
but two or three lamellee. Immediately adjacent to this the grains of quartz
interlock, are small and discolored with carbonates, but we pass immediately
into larger, irregular grains of quartz, that show undulous extinction. The
feldspar, at times plagioclase, is heavily clouded, especially at the margin,
with orange-colored ferrites. . .

The apatite occurs but seldom, and then in fairly large grains. Chlorite,
carbonates, ete., occur as rare aceessories.

S. 11804.

Gneiss, reddened by contact.

Thirty paces N., 850 paces W., Sec. 3, T. 48, R, 25.

Giranite in dircet contact with dike.

H.Sp. Medium grained; massive; brick red.

1. M. Consists of reddish discolored feldspar (orthoclase and oligoclase?),
quartz, and a little mica-chlorite or serpentine.

Accessory; iron oxide, zircon, apatite, carbonates.

The feldspar and quartz are not intimately mixed, but in separate although
interlocking patches, the patches of quartz being rather rounded and from
2 to 3 mm. across.

The reddish discoloration is confined mainly to the margin of the feldspar.
Otherwise the feldspar is fresh. There is one Karlsbad twin, and not infre-
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guently there occur very narrow and numerous lamellx that show the albite
law (indicating a soda-lime feldspar).

The quartz is almost free from the reddish discoloration, but it is full of lines
of enclosures, mainly gas, or liquid with much gas. It also contains zircon
and other irregular grains that have strong optical powers (a Ti-mineral?).

The lines of enclosures pass through different grains of the same quartz
patch indifferently, but only occasionally pass through to another patch.

The small amount of interstitial green substance that occurs has a yellowish
green color, positive fibers, and birefraction more than that of quartz. It is
distinetly dichroie, with greater absorption parallel ¢, and acts like ser-
pentine.

Apatite is not abundant, but when it does oeccur, it is in grains just visible to
the naked eye.

Carbonates are mixed in with the serpentine.

{d) Adinoles (?).

Another less common alteration, not so certainly attributable to the
diabase, consists in the production of cherty bands which are not black,
but vary from white to flesh-colored tints. They are then indistinguishable
to the naked eye from some of the jaspers of the iron-bearing rocks. Sp.
11868 seems to be a rock from this class, and appears to have been altered
by the dike represented by Sp. 11865. The presence of a considerable
quantity of feldspar brings it in the class of adinoles, and separates it
from the jaspers and hornstones. It can be recognized only with diffi-
culty by the microscope, being more certainly identified by tests for soda.
Sp. 11828 may have been thus altered by Sp. 11837; its description is as
follows:—

No. 11828.

Adinole or chert.

Eight hundred paces N., 875 paces W., Sec. 2, T. 47, R. 25.

Dolomite schist, impregnated with sulphuret of copper.

H. Sp. Is associated with a vein containing chalcocite and chalcopyrite;
aphanitic; massive, but banded; brownish.

U. M. Is composed of minute grains (.02mm.) of quartz and feldspars
on a fine grained micaceous ground full of grains of pyrite.

Accessory: iron oxide, large folia of white mica.

The grains of quartz and feldspar are of irregular form and distribution,
parts of the groundmass being apparently quite {ree from them. They are
both quite clear and can be distinguished only in convergent light, or by the
occasional appearance of albite lamellae. Feldspars appear to predominate.
The finer grained micaceous mass has a brownish hue and a parallel arrange-
ment with abundant random scales. Now and then a large random leaflet of a
much clearer mica occurs.
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The iron oxide grains are irregular.
The pyrite is in irregular patches of brassy lustre and is very abundant.

This is apparently a sericite schist, but the hand specimen shows that
it is an indurated chert (or adinole). The induration may not be due
to the dike, however.

(e) Sillimanitic schist.

Another interesting rock which appears to be due to the contact
action of the continunation of the Lighthouse Point dike is S. 963. This
sillimanitic hornstone appears to be due to the influence of S. 962 on the
hornblende schist, S. 964. The descriptions of the specimens are as
follows: —

S. 962.

(Basalt melaphyre; Wadsworth. Diabase; Wright.)

Sec. 23, T. 48, R. 25. -

South side of Michigan St. Contact of diorite schist on the north and diabase
on the south.

H. Sp. Much finer grained at one side; massive; bluish black. (Breaks with
a conchoidal fracture, weathers brownish, and shows porphyritically enclosed
lath shaped feldspars. Wadsworth.)

U. M. Porphyritic greenish pseudomorphs of olivine and laths of labradorite
may be seen. The latter grade into the laths of the ground, which contains in
addition augite in granules and spherulitic sheaves, octahedra and rarely
skeleta of magnetite, and probably a little glass.

Olivine in idiomorphic forms has been replaced by a greenish dichroic sub-
stance (apparently uniaxial, with strong double refraction, pleochroism, q,
yellow, ¢ or b green as in Fig. 29).

The labradorite laths are as in S. 949, and the augite has the same tendency,
there noticed, to undulous extinction. The aungite granules fit loosely together.
This implies the presence of glass.

S. 963.

Hornstone.

{Schist, amphibole schist; Wadsworth., Diabase; Wright.)

Sec. 23, T. 48, R. 25. South side of Michigan St. Contact with diorite schist.

H. Sp. Aphanitic black slate; banded; indurated. There is a very harsh
feel in grinding the rock. Some very hard mineral must be enclosed. This
also points to sillimanite. (The specimen is produced as a contact alteration of
the diabase, No. 965, with an amphibole schist. Wadsworth.)

U. M. Is a schistose rock with outlines of large porphyritic feldspar, and a
greenish ground containing quartz, brown mica, etc. The whole slide is
thickly strewn with minute prisms of (possibly corundum) sillimanite. The
minute prisms of sillimanite cloud the feldspar beyond exact identification.
In the feldspar they are all parallel (4 ex. 0°, yellowish color, strong refrac-
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tion, but only moderate double refraction). They would be taken for epidote
or zoisite if it were not for the uniformly 4 extinction. In those minerals it
is generally negative. There is no other mineral, with the properties of this
one, but sillimanite. Moreover, it does not seem soluble in HF. The green
part of the ground is somewhat opague, with a granular structure and nearly
isotropic. On this greenish opaque ground are clear dots of quartz and black
irregular dots of magnetite. I should think this a contact alteration of a por-
phyrite, which may have been previously dynamometamorphosed and I should
look for contact action.

S. 964.

Hornblende schist.

(Schist, amphibole schist; Wadsworth. Diorite schist; Wright.)

Sec. 23, T. 48, R. 25, south side of Michigan street, 2 feet from contact with
diabase, i. e., the comparatively unaltered rock.

H. Sp. Very fine grained; dense; dark greenish gray.

U.M. Is a uniform non-porphyritic rock, which contains very slender
prisms of trichroic hornblende that interlace, with a general parallelism, on a
fine grained quartz-feldspar mosaic. There are scattered grains of iron oxide,
sometimes in nests with leucoxene.

Other accessories seem to be lacking. The hornblende varies somewhat in
color; the larger slender prisms are quite dark bluish to deep green.

(f) Salite bands in hornblende schist?

Tinally it is barely possible that such salitic bands as occur in horn-
blende schists and are illastrated by Sp. 492, may be due to the influence
of diabases like Sp. 497. The description of S. 492 is as follows:—

No. 492.

Salitic hornblende schist.

(Diorite schist; Wright.)

Five hundred paces N., 125 paces W., Sec. 27, T.50, R. 28. Strike N. 45°
‘W. Dip vertical.

H. Sp. Very fine grained; slightly schistose, with lustrous foliation planes,
a reddish feldspar vein, and a lighter greenish band in which the salite proba-
bly ocecurs.

U.M. Shows irregular prismatic grains of hornblende, abundant interlock-
ing feldspar and much iron oxide and leucoxenc in the form of a fine dust.
In part of the. slide the hornblende is replaced by a light green pyroxene
(salite?).

Accessory; apatite, titanite in grains, epidote.

The hornblende is the common kind and occurs in prisms or in large patches
which are in this slide all cut nearly at right angles to b (100) (—2V = 7T5°
and ¢ — a = .018 to .028; -} ex. = 18°). Sometimes it and the salite are in
parallel intergrowths.

The salite has the higher birefraction, but not the peculiar tints due to dis-
persion that epidote has. The cleavage is well developed and the extinction
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angle large. It has a peculiar light greenish tone and is not perceptibly pleo-
chroic. The refraction is high.

The interlocking feldspar is much altered, having small micaceous folia,
and a reddish discoloration. Here and there granules of leucoxene and epidote
occur.

Titanite occurs also in large, light, recognizable grains. Apatite occurs in
small sharp grains at times imbedded in hornblende.

§ 11. Chemical relations.

If we study the table of analyses given below, we note how extremely
alike * the first five analyses are, and in Bull. No. 148 of the U. S. G. 8.
many similar analyses may be found (N., p. 70; A., p. 90, rather more
silica, as most of the triassic diabases have; H.. p. 183; ., p. 190; L., p.
200; ete.). But the five chosen, though widely separated geographically,
belong to very nearly the same epoch. We note again, comparing them
with the table of analyses in Chapter IX, p. 215, taking the average of
the analyses, that they so strongly resemble those analyses of flows, that
1 cannot see any characteristic difference.

The inverse relation of magnesia and alumina noted in all the analyses
is probably due to imperfect separation, an analytical error.

We can see, too, comparing VI with Shutt’s analyses, VII and VIII,
that the diabase granophyrite stands in the same relation to the ordinary
diabases as the center of the Lawson dikes to the margin. There is an
increase of soda, potash and silica toward the center. This is all we can
be sure of, considering the imperfect character of the analyses. Still it
does not seem likely that the alumina increases with the alkalies as in
Iddings’s absarokite series (Am. Jour. Geol., 1895, II1, p. 935). If we
contrast the differentiation already studied in the flows in chapter IX
we soe that that also is of a different character, for there the lime and
soda vary somewhat as they do here, but there is no equally important
concomitant change in silica. In fact it requires some imagination to
detect a concomitant change of silica at all. Moreover, the potash in-
creases in the dikes as it does not appreciably in the flows. This
difference in the chemical character of the differentiation corresponds to
a mineralogical difference, for in the case of the flows it is principally a
question of the relative abundance of augite and feldspar, whereas in the
dikes free quartz and orthoclase occur. It is hardly safe to say whether

*With the exception of the alumina in Shutt’s analyses which must be incorrect, includ-
ing MgO, and perhaps iron, for there is nearly enough alumina to make the rock with the
given proportion of CaO: NagO (Cf. PL V) all feldspar, whereas we know from the de-
seriptions and figures that there is a large amount of augite and other less aluminous con-
stituents, (Cf. Pirsson, Am. Jour. of Geol., 1896, IV, p. 689.)
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the difference in attitude, pressure, temperature, or of aqueous vapor
retained determines the difference in differentiation, though I should
think that the latter factor might be especially important in affecting
the distribution of silica. Omne might easily imagine that the force of
gravity affected the separation and settling of the heavier augite in the
flows, while in the dike the differentiation was due to the segregation
toward the center of that part of the magma most soluble in a trifle of
superheated water. One has only te watch the behavior of superheated
solutions of sugar, in other words, candy syrups, to see how a very little
water may serve as solvent for vastly more than its bulk of solid. The
following extract from Dudley’s presidential address to the American
Chemical Society is suggestive.*®

¢¢ % % in most modern steel works large ingots are now the rule,
and in large ingots, which take considerable time to solidify from the
molten condition, analyses show that some of the constituents of the
steel are not uniformly disseminated throughout the mass. This sep-
aration of the constituents during cooling, technically known as ¢ segre-
gation,” is characteristic of the carbon, the phosphorus and the sulphur.
Furthermore the segregation appears to be worst in the upper third of
the ingot,”’—as in the upper part of Keweenawan sheets.

I II. IIL 1iv. V. VL ‘VIL VIIL I1X, X.
Si0g..._.. 47.99 47.90 47.83 47.50 46.94 54.11 57.50 52.47 58.22 5
TiO, ... 27t | 082 || 085 | e o
AlgOg..__. 16.57 15.60 | +30.28 | 122.44 16.91 12.09 | + 28.44 | 1+ 25.54 28.66 | 1+ 37.20
Fes045 8.01 3.69 4.57 7.40 12.53 4.00 | ¢ 5.07 6.31 2.56 3.2
FeO_.___. 5.13 841 | (e | i 4.16 513 0 I P P, 0.22 0.30
MgO. 6.01 8.11 4.32 371 8.20 3.47 .76 2381 | . 0.02
CaO._._.. 9.36 9.99 6.72 10.21 9.00 6.72 5.62 6.62 0.17 0.23
NayO.._.. 2.00 2.05 1.30 1.62 215 2.73 2.01 3.23 | ... 0.07
K0 1.39 0.23 tr. 1.29 0 54 1.49 0.45 0.54
loss loss loss loss loss

HoO. ... 2.64 2.49 2.05 2.85 0.26 1.39 225 128 10.50 13.83
PyOs. . o |eaea . 0.13 2.19 0.34 0.28 0.12 2.02 116 | __. 0.14
Sum...... *#99.90 | 100.15 99.26 97.86 | *¥100.95 99.23 | 101.12 99.46 | 100.33 | 100.85
Sp. Wt jam o feea o 3.028 2927 | e e 2.856 2.870

*Summation incorrect in original reference.

t Erroneous.

I. Sp. 13456, Lake Shaft, Cleveland Mine, Sec. 10, T. 47 N, R. 27 W.; analyst,
Sharpless, Geol. Sur. Mich. Ann. Report 1891, p. 141; with MnOs, tr.

II. Sp. 12880, Sec. 13, T. 47 N., R. 46 W., Mich.; Analyst, Chatard, Van Hise,
U. 8. G. S., Mon. XIX, p. 357, Bull. 148, p.103, with trace Cr,0s4;0.10 NiO (CoO);
0.17 MnO; 0.38 CO4; 0.03 SO4: 0.05 BaO; feldspar also analyzed = AbyAns (loc.

*Science, N. S, (Feb. 11, '98) No, 183, Vol. VIIL, p. 188,
34
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¢it., p. 352. T do not think it admissible to include in the feldspar the iron
with alumina, and magnesia with lime.)

1II. Stop Island dike near wall; F. J. Shutt, analyst; Lawson, Am. Geol,,
VII, 1891, p. 158. Lawson has some six more or less complete analyses of the
same type as T1{ and IV.

IV. White Fish Bay: analyst, Shutt, loc. cil., p. 161; near contact.

V. Center of olivine bearing diabase, Skrainka; Missouri Geol. Sur., IX,
‘Mine La Motte sheet, p. 38.

V1. Sp. 7931, diabase granophyrite; analyst, Sharpless, loc. cit. 1891, p. 134,
with MnO 0.73, Cl. 0.02.

VIL Center of Stop Island dike, Shutt, loc. cit., p. 158, also intermediate
analyses.

VIIT. Center of White Fish Bay dike, 60 feet from contact, Shutt, loc. cit.

IX. Sp. 13459, kaolitic alteration of Sp. 13456, Sharpless, loc. cit., p. 141.

X. Sp. 12966, kaoliticalteration; Aurora Mine, N. E. }, 8. W. 1, Sec. 23, T. 47.
N., R. 41 W.; Chatard, loc. cit. with 0.38 COy; 0.08 MnO; tr. BaO. He also gives
intermediate stadium analysis.

In Proc. A. A. A. S., 1875, B. p. 60, is an analysis from Lighthouse Point,
Marquette, which may be a poor partial analysis of the dike. It agrees with
the others in SiOs, but there are a large number of greenstones of various
ages on this point. See PL. XV.
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Diffusion of gas.________ __.___108, 148

Dike - .. 127
Margin of .o o ____ .. 246
Sec INTRUSIVE ROCKS.

Diorite ... - .. 75, 100, 225
Trappean ... .. _.._....225, 255
(Salite) Augite-.___________. 257

Dips___ 86, 180, 182, 194, 197, 200, 201,

207, 208, 209, 210

Dip, Determinationof ... ____ 29

Dixon, Hiram R _____ ... 24

Dolerite . 225

Doleritic texture. See TEXTURE.

Dolomite . . _________ 14

Double Bay beach ... .___________ 190

Double Island________ ________ 206, 208

Drill boles, Deviation of .___ ______ 27
Records of .. ._______.__. 57,70

Drill hole 181, 98, 105,130, 176, 197,204
See MINONG TRAP and POR-
PHYRITE.
References to specimens and

sections, 15001-15066,
Specimen No. 15008____. 148, 162,
168, 176
15033-36 {Minong). 130, Fig. 16
15048 oo oo ___157, 165
15044-64 - . ......142, 170
15046 . ol 159

The second and third columns from the right on p. 105 refer to the table of correla-
tions of conglomerates published by Marvine (Geol. Sur. Mich., I, Pt. I, facing p. 80.)
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Drill hole 1.
References to specimens and
sections, 15001-15066,

15092 e e e 159, 177
Drill hole IT .. .. 76, 98, 104, 105, 175,
196, 204

References to specimens and
sections, 15067-15103,
15082 e e e 17D

15083 - e e 155
15087 oo e e 165
15089 - oo e e 154
15090-15091. . ____130, 155, 167
15092 - - o e e 160
15096 oo oo e e 154
Drill hole IXT ____.__.. 84, 98, 103, 177,

196, 197, 198
References to specimens and
sections, 15104-15154,

15106 - e e cce e 168
15109 oo e e o= 130
15110 & o e e 168
15113-15114 (o .. ... 130
15117 oo e s 148, 162, 168
15120 o o e e 162
15123 e e e 162
15126 e 162, 166
165127-15128 ___.._.__.-130, 142
15148 o e 157, 177
15149 oo ... 164, 166
15150 - o 164, 166
See also MINONG TRAP and
PORPHYRITE.

Drillhole V. ____..___.________. 78
References to specimens and
sections, 15155-15196,

15160 _ oo oo e - 130
15167 o i e el - 160
15163 e e 130
15166-15167 ... .__._.. 130
15170 e - 154

15174 . oot e e 162
15176-15187 oo ...~ 160
) R : +
1518015183 . ... 130
15186 oo e oo ee oo 160

!Drill hole V____ . ____ 81, 98, 105, 176
References to specimens and
sections, 15179-15235,

Drill hole YI_.74, 98, 100, 105, 128, 175
References to specimens and
sections, 15226-15281,

15827 - e e 175
15242 e 175
15243 oo e 155
15248-15258 «ooe e 126, 134
15253 o e e e 131
15249 e . 133
15250+ oee e 133
15260 o e e 168, 171
5274 o e 175
15215 e e 157, 165, 115
TH2TT e e e - 168
Prill hole VII.__._71, 98, 103, 104, 105,

174, 175, 205
References to specimens and
sections, 15282-15327,
15289 . e eceeceeeceem - 165

15300 o e emem e 160
15308 oo e e e 160
15313-15315 cccm cace ccma - 130
15327 oo e emm e e 175

Drill hole YIII_69, 98, 99, 105, 174, 209
References to specimens and
sectiong, 15328-15385,

15328 - e 156
1532815834 .o vcceceee o= 139
15328-29 o e e 159
15334 oo e ccm e o 160
15349 - e e cceeeeon - 156
15352 - s ccce ccm e e 165
1535416364 e meee e - 160
55 1515 S 166
5521 159
15360 oo e ccmm emmm oo - 168
15368 - oo cm e mmmmeee - 160
15373 o i e e 164, 165
15380 - e e e 162

15382 o e e e e 164
Drill hole IX___66, 97, 98, 105, 173, 174
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Drill hole IX.
References to specimens and
sections, 15386-15461,
18891 o e oo e 104
15393 o e e e eee- - 106

15404 oo 154
15417 oo 168, 171, 174
15418 o 1m

15428 e 187
15430-15432 . . _____._ 171

15485 e e 166
15436 oo e 159
1543815441 - ______.___ 139
15488 oo e 167
15441 oo e 160
15450 oo e 155
15453 e e 165
15455 o e 162
15455-15461 o ooee oo - 160
15461 oo e 154

Drill hole X ... ___ 60, 97, 105, 128, 154,

173, 204, 206, 215
References to specimens and
sections, 15462-15543,

15486 - e 173
15489-15501 o e 136
15492 o e 155
15493 ool 156, 167
15494 o _ oo e 156
15497-15501 wooe e - 130, 145
15499 ol 158, 167, 113
15507 e o e 173
15508 . ____.164, 168
15510 - . 163
15515 .. 146, 148, 159, 165
15516 — e e e e 151

1551415524 _._130, 135, 143,
144, 148, 168

% S 160
15520 om e e 163
15521 oo 164, 173
15522 e e e 173
15528 e e 148, 158
15581 oo 156
15534 oo e 157, 163

Drill hole X.
References to specimens and
sections, 15462-15543,
G i 156, 159
Drill hole XT.______ 517, 97, 99, 100, 101,
105, 172, 173

References to specimens and
sections, 15544-15705,
15544 o . 162
15546 - e e 170
15580 - ce com a2 170
15555 - e e e 170
5515 172
15566 - o e e e 168
15571 e 155, 168
15572 e 160, 168
15578 e . 159, 170, 171
)51 7 U I §
15581 e 166
15586 - o e e 166
15591 oo . 172

15599 (o eee o2 172
15609 oo eee oo oo 160

15615 o e e 166, 167
15618 e e 148, 156
15622 e o e 156
15633 oo ool 166, 168
15636 - e 154
15640 . 162
15644 ___ . _____.__ 164, 168
15649 . o eeoos 154
16651 ... 16D
15659 - __ 172
15666 - e el 172
15674 (o e o ol 167
15680 et e e 166
15697 @ e e 172
15704 o oo 172
15705 oo cem e 165
Drill hole XTI ____.__ 95, 105, 182, 203
Drill hole XIIX.______. 85, 98, 101, 105,

128, 177, 118
References to specimens and
sections, 15706-15779,
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Drill hole X1I1.
References to specimens and
sections, 15706-15779,
15748 e e em oo 16D
1576215772 comm e 1D

IBT6T e e 159, 178
THTTH e e 18D
I5TT8 o e 165
Drill hole XIV____ 89, 98, 101, 105, 107,

126, 127, 128, 159, 160, 178
References to specimens and
sections, 15780-15834,

15788 oo 155
TBT84 o 157
15792 - e e e 178
117:1) B 159
15807 oo oo 135, 154

15804-15810 __ ____.___ 127, 134
15811-15819 (Huginnin por-

phyrite ... ... 140, 168
16811 (... I 148, 162
15820 .. _...._....135, 164, 166
15821 oo oo e e 154
16825 o e e 155
156826 o i 165
15827 e e 135, 154
16828 L .. 159
15831-15833 .. ... ..____. 162
15834 o o 136, 156
See also [TUGINNIN PORPHY-
RITE.
Drill hole XV._____ .. 96,102, 197, 205
Drill hole X VI.___ 91, 99, 102, 105, 127,

128, 178, 197, 205
References to specimens and
sections, 15837-15998,
15837 o cmmemmm e e - 154

15841 o 156
15897 e e e 159
15906-17 cocmceee o2 162
15926 oo e - 156
15943-15944 o127, 134
15948 e 179

15949 o2 179
15950 - oo .. 162, 179
15951 oo 159, 162

Drill hole XVI.
References to specimens and
scetions, 15337-15998,

15955 oo e 159, 179
15956« e e 179
15960 o e 162, 179
15962 o e 168
15971 e e e 179
15972-15976 e oo o2 179
15977 e e e 179

15979 e e 179
13983 e 179
15982 e 162, 168
15986 o e .- .162, 170

52 179
Drilling, Time required for_._opp. 96
Eagle River.___ _________._______ 73,15
Eagle River section..__. 53, 62, 99, 215

Marvine's beds. ____136, 137, 145,
156, 169, 206, 213
Eastern sandstone..__ ____.______. 224

Effusives ... ____.__._.___ 246
Probable grain of __._._____ 112
Distinetion of, from intru-

sives. See INTRUSIVES.

Emergence, Rapidity of ._____ 186, 187
Indications of, unequal____. 192

Enstatite .- .. __._____ 163, 225, 226
See BRONZITE and BASTITE.

Epidote.__..7. 8, 10, 14, 15, 48, 157, 166,

168, 252, 255, 263

Epidote mining location ... ... 15
Equal Rights Tribute Company._ 21
Eutaxitie growths .. .__. 243

Evidenees of former submergence..
184, 186, 192

Exner, Rocoocccom oo aooe oo oo 154
Explorations, Earliest historic... 3
Faults, Tffects of ____. 32, 46, 68, 85-81,

97-98, 102, 182, 197,

206, 207, 208, 210, 211

Feldspar ..__4, 7, 47, 176, 178, 179, 233,
240, 246, 248, 252, 253, 255, 260

Albite oo el 20T

Basic cce i comeeeee o2 229

INDEX 273

Feldspar, Composition and charac- “
BT OF teme e e e 2081
Dispersion of ... .. __ 232
Extinetion angles, cte.. 244, 245
Grain of .. 131, 141, 160, 168, 226,
229, 243, 244, 245, 258
Orthoclase . ... .o oo .. 257
Plagioclase, Proportions of
Ab: An in .___130, 157, 159, 160
Porphyritic. 170-179, 226, 228, 262
Quartz-feldspar aggregate.. 259
Solidification of ..___.___ .. 242
Zonal variations____159-223. 228
See GLOMEROPORIHYRITE,
and MICROPEGMATITE.

Feldtmann, G. H. ________ .. ____ 22
Take oo e e - 192
Felsite ________ 50, 94, 103, 141, 170, 212
tuff o e e 98

porphyry tuffo________._____ 175

porphyrite. Sce MINONG

PORPHYRITE.

Felsophyrite. See MINONG POR-
PHYRITE . .___....19, 170, 176
Ferritic discolorations..__162,163, 260
Field names of rocks_. ... ____..__ 52
Florence Bay.___. ... ... 207
Flow, Period of ... ..o .._..- 123
Fluorite._ .. o ... 166, 179, 217
Foote, A. B ..o 166
Forbes, D.C. e cmmamcem e 24
L 10 1T B O 9
Foster and Whitney.._.3, 4, 5, 6, 8, 9,
11, 12, 13, 14, 15, 25, 48,
61, 89, 165, 166, 183,
192, 210, 211, 215, 224

Fouque. See MICHEL LEVY.

Franklin . . ... 3
Gabbro_____..._._....169, 215, 220, 242
Gailey, Dr. ... 2

Gang-granophyres - _______.._____ 254
Geikie, A, o 241
Geological column. ___________ 98, 101
Ghyllbank__ .- ___ ___...__. 23, 195, 198
Gillman, Henry_ ___ . ____ ... 2

Glacial deposits ... .__.__.__.__._ 171
35

tlacial erosion ... ______ 198
striations. .- _____.__. 184, 200, 202
See ICE ACTION.

GlaSS_ oo .74, 168, 236, 237, 243

Glemeroporphyritic.. .___129, 133, 159,

161, 213

Gineiss boulders.._.___.._193, 196, 260
Grace Creek__ . ___ . __.___.._. 193
Harvbor. ... .___ .. 54, 61, 70, 74

Grain (of rocks).._._.100, 106, 120, 123,
125, 244, 245, 246, 258

Applieations of theory, Chap.
Vo e eee 22123 et seg.
around amygdules.____._ 107, 148
Curves of __.__.____115, 126, 128,
130, 132, 184, 139, 140,
142, 144, Plate IV.
dependent on cooling____.___124,
125-127, 142

Estimation of, in intrusive
POCKS. . am oo 111, 119, 124, 125,
222, 228, 243
of augite. . ....125, 128, 129, 134,
137, 243
of feldspar. ... .._._.._133, 138
of iron oxides. ... ....___ 135
of olivine_ ___...___.... 135, 136
Granite. .. ___.___.__257, 260
boulders . - ._.._.___..__188, 193
Granophyrite . ___. .. 151, 171
Diabase .- oo ooa-oo. 254, 266

See also MICROPEGMATITE.

Grant, U. S.. o __._.__.20, 171
Graywacke, Effect of diabase on._. 259
Greenstone ... ____ 5, 14, 23, 48, 73, 75,
79, 83, 99, 103, 104
Grain of __.__.125, 126, 129, 133,
136, 148, 168, 169, 175,
182, 183, 194, 198
Hall, James .. coceno 4

Hammers Prehistoric ... ... 1
Haneock West conglomerate_. ____ 67

terraces correlated. 185, 190, 191
Hardy, M. .o oo 21
Harker, A. .o aeoo 220

Hatehet Lake. ... oo oo 186



274 INDEX

Hawes, G. W.____ o 166 - Interstitial green substance_ ... ?(51
Hawk Island.__._._._._____8, 188, 208! Intrusive rocks, Chap. X103, 150, 220
Hay, Alex. ... .oooeeemeoce . 22 Characters of..113, 140, 150, 221,
BAY oo cim e e e e DA 224, 229, 238, 241, 258
Point e e e o2 210 Grain of, Fig. 17 ... ____ 228
Haytown__ ... . .. __. 23, 198, 200 Porphyrite. See MINONG N
Heat, Effect of loss of, on grain_._ 108 PORPRYRITE - oo 177
Heated walls, Effect of ... ____ 113, 222 SIS Ccm e e ee e 149, 210
Hematite.. .. ._____._.48, 155, 162, 253 | Iron ore _ .. oo cmmecoomcmm e 247
Hewett, Isaac. . e o- 4 |Iron oxides. ... ..o ._._..__._25b, 260
Hill, S. W. ... ..__ 1, 16, 21, 25, 26, 206 | Iron oxides. Sec MAGNETITE,
Hill Point __ - . _ . ___. .- 188 HEMATITE, ILMENITE and
Hodgson, Capt._ oo oo oo o___ 19 FERRITES.
Holyoke adit______.___._____..254, 258 Iron Range and Huron Bay R. R.

Hornblende., See AMPHIBOLE... 255,
256, 257, 263

Brown o oo occecaoo 243

Dark bluish to deep green__ 263
schist, Boulders of ___.__193, 196

Houghton, conglomerate___.___.. 7
Jacob oL 1, 22, 24
Terraces NeaATr . .oo- oo 191

Hubbard, Jas. ... ... 10

Hubbard, L. L.._______ 74, 75, 103, 257

Hudson, E. W, ... 18

Huginnin Cove.__._______.5, 26, 41, 206

CreeX oo oo 89
porphyrite. 98, 141, 205, 207, 208,

209, 212. See drill hole XIV

Hulbert, B. J. o~ 25
Huron Creek delta ___.__.. ..__.__ 181
Huronian, Dikes intrusive in_131, 139,
193, 219

Tee action oo oo oL 183, 195
See GLACIAL.
Tddings, J. P. .. ___. 219, 222, 223, 264
Iddingsite -._____ 135, 155, 156, 234, 252
Ilmenite .. ____ 162, 235, 241, 253, 257
Indian diggings..____.___.2, 16, 20, 201
Indians. See PREHISTORIC _.___ 3
Induration ... .. _.___..._ 288
Interstices, Acid__._...._161, 235-242,
251, 256

Doleritic .______._..163, 167, 242
Filling of .____.._..161, 163, 166,

_______________________ 132, 245
Irving, R. D.._.26, 94, 99, 101, 103, 138,
156, 157, 167, 168, 169, 171,
182, 215, 225, 233, 235, 242
Island Copper Mining Company.- 21
Island Mine...___. 15, 21, 22, 61, 62, 74,
188, 205

conglomerate... 99, 204, 206, 217
Tribute Company ... .___ 21

Isle Royale and Chicago Company. 5
Isle Royale Land Corporation...22, 24,
194, 204, 208

Ives, Wi oo ocommmee 4, 8, 26, 180, 182
Jacka, Capt. Wm. ___.__._____.._ 18
Jaekson, C. T.(U.S. G. 8.)..4, 8,9, 11,
25, 166

See also FosTER and WHIT-

NEY.

CJasper? ool e e 74
Jesuit Missionaries . .o 2, 25
Johns Island - oev oo ool 206
Johns, John F. .. .. ____..19,24
Judd, J. W 220
Julien, A. A 155
¢ Julia Palmer”’ (boat). ..o ... 9
Kaolin____ . 248, 259
Analysis of .o oo 249
Kaolitic alteration ... __...__._.. 266
Kearsarge conglomerate.___82, 83, 87,
100, 101

mine, conglomerates east of. 93

238, 241

Kemp, J. P 2227, 234

INDEXN 275

Keweenaw Point______& 17, 53, 54, 56,
62, 73, 75, 99, 191
Keweenaw Point records____70, 93, 94

Kingston conglomerate. See
KEARSARGE.
Koeh, Fr. C. L..._._______5, 6, 10, 11,

13, 161, 165, 224

Labradorite. See FELDSPAR..7, 232,
247, 256

porphyrite. Seec PORPHY-

RITE oo _o.o_____ 206
Lake Benson____________._________ 13
Lake Feldtmann._____________54, 55, 56
Lake Richie (page 74, misspelt

Richey). .. _______. 74, 188
“Lake Shore” trap _________..__54, 36
Lake Superior Mining Institute_. 27
Lapparent _.____________________ 297
Laumonite .._____. 5, 20, 165, 202, 203

Lawson, A. C. 102, 103, 150, 153, 155,
190, 191, 216, 219, 234, 242,
243, 245, 246, 252, 254, 264

LeaCove__._______ . _________.__14, 189
LeSage, Chas.__________________14, 23
Leslie, Mr..__. __..___ _________._ 22
Leucoxene.___.______. 163, 253, 250, 263

Levy. See MICHEL L&vy.
Lighthouse Point dike__ 227, 230, 236,
238, 242, 244, 254, 255, 266

Little Montreal River_.___ ________ 95
Litton, Prof. A, _________________ 15
Livermore, B..___ ___.___._______ 1,16
Locke Point..__.______._ _____84, 188
Loewinson-Lessing ______________ 227
Logan sills._________________._____ 219
Lueky Bay. ... ____ ______._._ 14
Luster-mottling, See OPHITE.

Lydianstone ______________________ 258

Magma, Mixtures of..___.214, 242, 257
Magmatic differentiation__ .20, 29, 134,
143-148, 151, 212, 216,

239, 240, 264, 265

Magnetite_______156, 162, 226, 229, 234,
246, 253, 255, 258, 263
Grain of . ___________. 244, 245

| Margin, Effect of temperature of,
on grain._._.__._____.112, 222
Marginal textures. See TEXTURES.
Marquette, Keweenawan dikes
near......__.._.__131, 132, 224
Marr, G. A ___________..__.___ 16
Marvine._._ 33, €3, 87, 93, 136, 137, 145,
156, 169, 206, 213
See also KAGLE RIVER SEC-

TION.

Mason, R. T.____.__________21, 24, 189
Matthews, Mark_________ ... ____ 13
McCulloch oo ______________ 5,19, 84
MeCargoe Cove_._.16, 89, 161, 185, 187

188, 208
McKenzie, Strand lines of ._______ 190
Melutyre, J. . _ .. ____________ 486

Melaphyre__57-61, 63-70, 72, 74, 15, 76,
17, 18, 79, 81, 82, 83, 84,

87, 88, 89, 91, 96, 97

Doleritic ... _______________ 51
Ophitic. See OPHITE...._._ 81
porphyrites_57, 71, 103, 175, 176,

178, 206, 210, 212, 215, 217
Veined ... ... ____ 81
Merrill, G. P._____..___.______250, 257

Mesostasis, See INTERSTICES.
Miarolitic texture. See INTER-
STICES.

Miea________ 153, 155, 166, 251, 259, 261
Brown 285, 239, 240, 254, 260, 261
Green__.._____._234, 236, 252, 256

Michel, Lévy A.._51, 157, 158, 168, 169,

227, 228, 232, 242, 245, 257

Michigan College of Mines. See

WADSWORTH, SEAMAN

and SUTTON.

Michigan Geological Survey, Pre-

vious publications of, cited.

See BROOKS, PUMPELLY,

MARVINE, ROMINGER.

Microlitic texture. See TrxT-

URES.

Micropegmatite..161, 171, 223, 227,235,

241, 243, 254, 255

Mallory, J. C. ... .. ___. 16

See also GRANOPHYRE.
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Micropoikilite. See POIKILITE.

| Olivine, Grainof. . .- ----- 24, 245

Miller, Matthewson. .- ---------- 8 ‘ Ontonagon valley. ..o co-oooom--o- 55

Mining on Isle Royale, Chapter 1.
See PREHISTORIC MINING. \
Minnesota Geological Survey. Sce l
GRANT, LAWSON, UPHAM, \
W ADSWORTH, WINCHELL.
Minong (Menong) o---om-mom---- 3
conglomerate. Sce KEBAR-
SARGE CONGLOMERATE- -~ &1,

101, 105

Copper Company ----------- 91
MiNe - commcceme o= 5, 22, 176, 208
Mining Company ---- ------ 16
porphyrite..--- 141, 142, 159, 161,
170, 171, 200, 201, 209, 212

PANGE <ommommm == =m 16, 183, 201

trap..-16, 20 41, 46, 85, 104, 141,
142, 144, 145, 150, 162,
168, 177, 196, 197, 198,
199, 204, 205, 208, 209
See also DRILL HOLES 1

and II.
Missouri Geological Survey. ... 266
Moberg, J. Coorremim i emem oo 242

Molecular grouping of an alyses.146, 147
Monument Roek.-8, 13, 16, 180, 186, 190
Mott Island, Vein oo oooooon 9
Mt. Houghton porphyry-.-.-—---- 93
Mt. Josephine terraces.—-.------ 184
Murdoch oo oooe oo mmm e oo 21

Navite._..---139, 140, 159, 170-173, 174
See ASHBED.
Nester, T. oo mmmmmmmmmmm o 22
Nipissing terrace .- --------- 191
North American Mineral Land
Corporation ... .--- 15, 16, 22
North Shore (Lake Superior).--- 103
terraces correlated .- _184, 190
North Star conglomerabe .. -—--- 83
Ohio and Dead River Compuny. .- 4
Ohio and Isle Reyale Company-12, 15,
22
Oligoclase. See FELDSPAR..--—- 255

)

Olivine...-49, 53, 135, 141, 154, 156, 21
926, 227, 228, 229, 234, 241, 251

125, 169, 172-179, 194, 195, 196,
198, 200, 201, 202, 203-206, 207

| Ophite._ 52, 53, 37. 84, 88, 90,100, 103,

See GREENSTONE.
Orthoclase. Sece FELDSPAR.
Owen, D. Do oo e o 15
Pahoe-Pahoe .o -ooomommmmmm —-=- o221

Paragenesis. Sec CoPPER, CON-

CENTRATION OF.
Patton, H. Bo_oo- 239, 240, 247, 251
Peabody, J. oo meoamme oo 4
Pectolite ..o ccceccmmemm oo e - 165
Pegmatite .. oooooomooe oo 161
Peninsula mine_ .- oo eem - 74, 175
{Now Franklin Junior, for-

merly Albany and Boston.)

Penokee District o coeeeen-oo- _ 225
Peridotite . - ccocoemcmoemamo oo 225
Perlite - o oo cmom oo _.162, 179
Perovskite .coo ccooccommmmmcoem o 228
Pewabic West conglomerate. ... 70
Phelps Island - ccovommmmm- 4
Phenix Mine oo ccoweomecmmm oo 100
Pickett Bay oo ccmormm oo ooem - 207
Picnie Rocks and Point. . ... 20, 251
Picotite oo ocomcmms cmmm e oe . 228
Pigeon Point- oo oo omoo o= 171
Pirsson, L. Vo commommommmam oo 264

Pittsburg and Isle Royal Company
el Dy, 12, 186
Plagioclase. .o oo mmmm-omnomom s 260

See FELDSPAR.
Plutonie rocks . - oooc -om- 114, 115, 222
PoikilitiC. ccoc commmmm e e 156
See also OPHITIC and TEXT-
URES.
Point Houghton - -~ -——- 55, 56, 211
Porcupine Mountains. .. .-.--- 175
Porphyry. Sce FELSITE ---oo--- 193

See also NAVITE, ASHBED,
HUGINNIN PORPHYRITE,
MINONG PORPHYRITE.

Porphyritic crystals_._. 110, 123, 125,
181, 140, 141, 160, 208

INDEX 277

Porphyritic trap. oo oo aee oo 49
Porphyry tuff . 175

in geological column, espe-
ciatly drill holes VII-X_.60 71

Portage Lake___. ... _- 54, b6, 101, 119
Portage Lake ship canal sand-
SEONES - e emmm cic e oo 56
Potsdam sandstone .__....o-....._ 22%
Praysville - .o coe- 93, 101
Prehistorie mining .- ....._.1, 3, 201
Prehnite___ ___. 4, 5, 14, 15, 79, 164, 165,

196, 208, 217
Prehnite and quartz, Brecciated.. 72

Presque | ) 1 S, 20
Pseudamygdaloid .. .. .- 63
Pumpelly, R. ... ... .51, 140, 153, 187,

163, 216, 217, 228
Pyrite oo 253, 261
Pyroxene. .. ..o ----. 255, 257

See also AUGITE and SALITE.

Quartz....._.5, 7,47, 141, 161, 223, 226

248, 255, 260
See also MICROPEGMATITE.

porphyry .- .- ... 50, 170, 259
See PORPHYRY and FELSITE.
Quartzite . e 242
Quartzless porphyry - -eoooeeo- 1470
Quartzose pebbles oo ooeoon oo 22
Quaternary. Sce SOIL and GLa-
CIAL . o oieceee oo 183
Rainbow Cove. ... ... 25, 54, 65, 56
Ransom (town site) .. __...._. 24, 215
Ransom, Leander. oo _....___12,13
Records of different drill holes,
combination of ... ..._____ 31
Refraction, Becke’s method to
study index of ... . 153
Reynolds .o oo 12
Robinson, S. S . . 23
Rock Harbor_______. 10, 11, 12, 14, 180,
181, 187, 189, 191, 209, 215
Rocks, Tabulation of ... .. Opp. 169

Rominger, C..163, 155, 219, 223, 230, 247
Rosenbuseh, H._.135, 151, 153, 155, 162,
167, 168, 169, 220, 225, 227, 234,
235, 236, 238, 239, 241, 242, 254

| Rutley, F. W.. o oooooo.. 227, 257
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Sargent’s Lake. ... ... _... 189
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Hornblende. .. ... 263
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Sillimanitic. oo weoe oo aoan 262
Sehlatter, S. W.o o oo oo 25
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Scovill Point._.___8, 9, 26, 74, 165, 181
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Sections. See SPECIMENS.
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Senter, John._ .. .. 10, 11, 18
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Serpentine __ .. 163, 225, 234, 251, 261
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Shale. - oo ooceaoo.ooo 58,71, 84, 172
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Sillimanite o o oo oceeccce oo 262
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Simonson, Dr._ ... ____.__....1,19
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mine.__5, 6, 9, 11, 13, 15, 188, 190
Siskowit Bay.._._. 54, 55, 189, 207, 211
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Lake. 61, 74, 183, 186, 189, 193, 210
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TOT6L —eee e e e e
10166, 10312. . ________ ...
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11878 o ... 233
12179 and 12180 ________ 227
13024 e 25T
13030 .o .. 2231, 244
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147935 - oo 104
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1525258 oo 24D
United States Geological
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16748 o e 20T
16750 oo e 257
16890 o e e e 257

Williams collection.
Y615 L. __..231, 240, 244

11616 e 231, 240, 251
TI61T oo oo e oo 231, 244
11621 —oeo e 231, 244
10622 e 231, 237
11636 e e 231, 287
11666 o oo 231, 237, 244

11672 oo oo o__ 231, 244
B 231, 244
11708 oo 237, 244
117Y e o e o= 244

11814 o e e 237

T183Y e e 239
Spherulites______ 161, 170, 172, 176, 179
Spilite . ... 172
Spilesitie alteration ... . _..___ 259
Stevens, William .. oo e o2 18,25
Stockly, W. W._____ 1, 4, 22, 23, 24, 26,

28, 90, 91

Stop Island dike. . _______ 150, 266
Streng, A, ___ 169, 215
Strike of beds.__..__ 180, 181, 182, 197,

201, 208, 210

Submergence, Evidence of____184, 186,
192

Suffolk mine ... ... ... 93

Survey. See UNITED STATES,
MICHIGAN, DMINNESOTA
and WISCONSIN,

Sutton, W. J._______.____....230, 254

Swineford, A. P.___.._____.__.2, 11,12

Tale.ooe oo oo o154, 252

Tamaraek mine_____._______...__ 175

Taylor, F. B..___ ... 191

Temperance River.____.__..._.103, 105

Temperature, Initial .______. 243, 246
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Terraces. .. ._-. ....-184, 190, 200, 203
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See SUBMERGENCE.
Textures, Rock._....167, 168, 175, 178,
222, 223, 224, 231, 242
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Marginal__.__._168, 236, 237, 241
Mierolitic - oouoooom coae oo 246

Ophitic. oo 227, 228, 229, 230,

236, 240

Porphyritic. o oot 246
Thibeault beach__..__ .. ___.___. 190
Thickness of beds. ..o oo e 29
Tholeyitic - o meeee 256
Thempson, J. H. . _e..... 22
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Thunder Cape. - -——- oo ccmm 190
TiMbeY - e e e e emee - 181
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Tobin Harbor. . .. ... _..___192, 193
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198, 199, 205, 207
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Topography._180, 181, 182, 184, 205, 206
Tornebohm ____ .. - . .____. 255
Touehstone__. .. _______ ___.258, 259
Tourmaline ____ . ____._ ... 259
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4T, R 25 .. 236, 261
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Tuff oo o___74, 94, 104, 172, 175
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United States. . ... _______....3,26

United States Geological Survey.26, 93,
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Upham, W. _______________190, 191, 192
Uralite____ __._.__________.243, 251, 252
Uren, Capt. Wm. 1. _____._____..1,16
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Yan Hise, C. R.__219, 225, 232, 247, 265
Vaudrey, G. ... .. ___...__19, 20
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in same flow o o ... 49
Magnetic . .. ooeoooooo__ 181
See MAGMATIC DIFFEREN-
TIATION.
Veins, See also Faunrs. ..__181, 211
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Villarsite - ________ . ________ 251
Vitrophyrie texture .. ._________ 168
Yivian, B. - 21

Vogelsang, H.___._____ .. ________ 163
Yogt, J.H. L. ____________ 238
VoSges - ooe oee e 254
Wadsworth, M. E.___ 153, 219, 225, 227,

230, 235, 236, 238, 253, 262
Walker, H - ________.._ 18
Wallace, C. __._ . _.___________ 24
Washington Harbor.._._._23, 182, 194

Island ._._ ... 2, 74, 188, 206, 208
Wendigo Copper Company.._.83, 182,
196, 197
Borings ... ___ ... 27, 44, 47

See DRILL HOLES.
White, F. . . 21

White Fish Bay ... .________.___.. 260
Whitney. See also FOSTER and

} WHITNEY ool ocm e aeam 16
Whittlesey, Chas. ._________.__.5,9, 12
Wichmann, A..______.___225, 226, 257

Williams, G. H._225, 221, 230, 234, 235,
239, 244, 251, 254, 257
Wilson Point ____________________ 207

Winchell, N. H...2, 3, 18, 21, 104, 150

INDEX . 281

Winge, K. oo s 242

Wisconsin  Geological  Survey,
Work of. See IRVING,
VaN Hisg, BROOKS, PUuM-
PELLY, WICHMANN.

Wollastonite ... .___ .. ... 165

Woodward, R. S. ... .. _....... 121

Wright, C. E.__._..__.__4, 233, 262, 263

36

Wright Island .. . ____ ____.._. 55
Zeolite ... ______________________ 11
Zireon - oo e - 260
Zivkel, F. .. _______. 169, 227, 255

Zones, Amygdaloidal, Central,
Marginal, etc. See the
adjective.
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