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Sketch of General Geology

1% would be out of place to review here the geology of
the Lake Supserior tasin, but befcre proceeding further it ie
desireable to refer tc the leccal geology of ths arez under
considereticon. Plata 2 represents a rurely dizgrammatic cross

tha 1lins AB of Pigte 1. The rogks

5, Baegaltic dikes

S Duluth gabbro and digbkass sills
3. Lavas and inter-fliow sadiments
2. Basal Zeweenawan sandstone

1. Carlton sizte (Burcnian)

During Xeweenawan time this groupr of rocks was tilted tc form
tiis nortnwssty 1izb ¢f the Lake Supericr gecsynciine. The ercded
edges cf the successive strate ars now exposed along the shors
axcent ghere the latter varallels the striks,

o
(rgal

Jate

Glacieal processas have covered the reocks in places w
moraines and glacigl lake depcsits; elsswhers considerable
areas of fresh rock exposure have been lalid bare., Rageny wave
acticn along the lmxe shors has creéted an almost continucus
lins of rock exposure by cliff-cutting, or by washing the rccks

bare of their covaring of lake heds, Glaocially striated surfaces

From the slate area southwest of Duluth tc the lowsr part
of the Duluth gabbre, nct much detail coulid Te woked cut be-
cause of the diecentinuity of exposurss and ruggedness ¢f top-
agrapky, Plate 3 indicatss the gsﬁeral geolegic relations aziong
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N

the line ¢f traverse helow the gabbre. Frow near the base to
near the tep of the Duluth gebbro, no waps are rresented as
the traverse line encounters only gabore with 1ts varicus phasss,
Nerthceastward from Minnesota Point, not far frem the tep of
the Duluth gabbre, good detall can te worked out because of
continuity oI exposures, and that porticer 2f the Traverss irom
the top of the gabhre nazrly to Twe Harvors, some 25 niles mway,
ig presented in the form of stripr mans of atout twe and cune-nalf
miles egoh, labdled A-B, B3-C, G.D, etc., in Plates 8, 7, end 8,
These individual strips fit together intc one continucus shore-
line strip. The scale is 400 fset to the inch, and section lines
and mileposts along the railroad sre shown., Field plotting was

done on 2 scaie cf 100 feet to the inoch o3

tha balance on 2 20z2le of 40C Fast to the inch. Traverss was by
racing and Brunton compass, Lccaticns are gsnerally ccrrecy o

contact line hedtween flows a few hundred fee% tack from the lake
on ths map does not reprasent a consact on the iand surface a%
that peint. The zactual contact coulé De located ©

ur the dip t2 The bed rock surface. As & matter ¢
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designated with a 8ymocl, =8 IOLIOWS:
AC = Amygdalcidal conglomerade
DR = Diabase ( are silis)
F = Feleite
¥ = Malaphyre
0 = QOphite
R = Rhyolite
S 4 = Scorizceous amradaleid
SS = Sandstons
S5-.5 = Sandstons stringers
In many casss ths thiockness in fest is shown.
Coilumnat Seaticn

The columnar secticn gressnted velow was compiled »y cal-
culating tha thickness of each ted a2leong the traverse. These
thicknesses were then totaled up, and the tal taxen 1¢ raepy-
resent the thickness of the section. Figures lgss than 1 are
ignered in the total., While it is nol Giif it tno conjure up
morz favorable conditions for measuriug & ¢olumnar section, ke
cne thus obiained revrasents shout the test that can ve had. As
a matter of facy, secticns wazsured perpandicular %o the sirike
glve totals of the same order of magnitude, but nave tre dis-~
advantage of cxionding inland where Tock Sxposures zlcag any
one traverse line are rare.

In the tabulaticn of beds cone ocolumn is nreaded Strim. This
refers %o the strip mapr on which the item r2ferred tc is found.
The youngest flcows are at the too of the c¢oluwn, the oldest atb
the totitom, or in cther words, they are listed in stratigrarhic
Crder.
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Sirip Rock ‘hickness
E-F Crhite 2223
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" Ophite 15
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" Crhite 33
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Summary of Thiockness by Rock Types

Rocks Thickness in feet Total
Bagic extruasivas
Melaphayra 4,585
Oghits 4,430
Porphyrite 1,258
Melaphyre and porphyvrits,
undi ffarentiated 3,888
Melaphyre and ophite
undiffersntiated 2,753
16,903
ASid sxtrusivss
Rhyolits 1,988
Felsite 653 3,640
Interflow frazmental rocks
Sandstone (arkcsic) 198
Amygdaloidal conglomerate . 55
Scoriaceous amygdaloid 30
287
BEasal sandstona 50
50
Intrusive rocks _
Duluth gabbro 14,500
Diabase sills 4,097 ~
18,597
Total thickness of Kewsenawan measured - 38,457 feet,
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Such a caloculation of thickness as is pressnted above

may be subject to certain errors*. lThese ars!

* Moore, R. C., Historical Geology, p. 94, New York, 1933

1. Errors in field observations, including undetected ohangss
in the dip, or the duplication of beds by faulting.
2. Reckoning of apparsnt rather than actual thickness, if
the layers have a shingled, foreset structurs.
With respect to the first point, it can be stated that the
dips do change. but such changes are well shown, and dip read-

inge can be taken at frequent intervals.®

¥ iany more dip and strike readings are available then are
shown on the maps, Flates 6, 7, and 8. Thosse shown represent

rarmarald net-€ Ame
I Red i d e S g - et ®

As to the duplication of beds by faulting, a study of the
f{low sequence does not indicate that any important amount of
duplication, if any, has %taken place. A few beds were traced
inland and these do not indicate any dip-fauléing. In Plate 4
is shown a series of ophite exposures forming a low ridgs.
This flow is undoubtedly the thick ophite exposed along shore
between Talmadge and French Rivers (Strip E-F, Plate 7). It

was traced along the strike for 6 miles. To the northwest of

——— Py -4 - >
P 3 v

i% i3 & beit of diabase ¢ orming & prominsnt ridgs.
This is the Lester River diabase, exposed along shore north-
east of Lester River (8¢rip C-D, Plate 6). This sill was traced
along the strike a distance of 15 miles. There was good ftopo-
graphic evidence to indicate that both the sill and the flow

extended even farther along the sitrike, but time did not pan-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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13
mit tracing them out. In Plate 5 is shown a similar case of
parsistence of individual beds along the strike. In one ocase
where a dip fault does cccur the movement was such as to cut
out beds (see p. 37).

Strike faulting, of course, may also repeat beds. Evidence
for strike faults was searched for, but not found. In the few
coverad stretches of beach it ie possible that suoh faults do
occur, but, a&s alresady stated, there is no evidence for rep-
etition in the flow sequence.

As to the second source of error, that is, shingling of
the layers, a certain amount of this may be possible, but it
presents no serious difficulty sc far as the order of magnitude
of the thickness determined is concerned. Wnile this thickness

arés
SISE

, o2 the bhasis of tha probable

manner of accumulation of the flows (see p. 53) it is undoubt-
edly too thin for other sectioans that might De chossa.
Northeastward along the shore beyond the end of the present

ngle te the shore

o

traverse, the lavas continue to strike at an
line, though dips become flatter. At Two Harbors, over a mile

beyond'the tréverse, occur at least 10 more flows.* As to how

*  Schwartz, G. M., A guidebook to idinnesota trunk highway No.
- 1; Minnesota Geol. Survey Bulletin 20, ppv. 70-71, 1935

much additional thickness will be added to that already summed
up when and if the section is extended to the toprmost exposad
beds along sﬁore, no estimate is hazarded, though it would not
"bs surpriéing if the total thickness reached 50,000 or 60,000

feet,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Criteria Used for Distinguishing

Between Successive Flows

An important part of the field work ocomsisted in dist-
inguishing between successive fiows. While many of the flow

contacts were easlily recognized, some were not so obvious.

n

a used are presented below, They are offered a
apprlying to this area, though soms will apvly slsswhers.
1. Most of the basalts have massive interiors, grading
gradually upward into highly vesiculated (now amygdaloidal)
m five

avw O
VA waas

g
direction of dip, we may cbserve the amygdules in the dense
vasalt becoming more numerous until the rock is highly amygd-
aloidal. Here we should see the dense base of the next flow
and the dipping contact between ths two flows, as in Fig., 1.
Proceeding farther the dense portion of the second flow gives
way to amygdaloid and soon we coms to the sscond contact,

provided it is noi covered. Obviously, whers amyg:zloidal

Figs 1 Contact betweern flows, sharp and flat, Lower
flcw is amygdaloidal in upper few fest.
upper flow dense, with six-inch amygdaleidal
zone at base.
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basalt{ occurs on the up-dip side of a short covered stretch
and dense bhasalt on the down-dip side, the presence of a

contact under the covered area may be inferred.

in rig. l, DLt aistznguishea near nammer—head,
¥aint suggestion of ellipsoidal structure in

kﬂﬂﬂ Ao AR bk oot ] #1
~SaS3 Ui UPPSY 1 alWe

‘E‘ o~ 2 Omnnnme haterasnw £ Aawa alhmed wm o~ o~ Ee o
CiAZe w VULV Y MU VTIUTH asvnw, ouvn.su.a a.u.,) 5‘..‘@4.\14.%.1.

top of lower flow and "pipe amygaules“ in
lower four inches of overlying flow. Nots the
watch, for scale.
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2. In many of the basaltic flows the vesicles in the
upper few feset appear to have flattened and coalesced, im-
parting a slabby or laminated character to the rock. This
slabby zone is usually followed inr a down-dip direction by the

base of the next flew, as irn Figs.4 and 5.

Fig., 4 Slabby to»n of one flow in lower left
half of view, with desnse, massive, base of
overlying flow in upper right half., View
sighting along contact plane.

Fig, 3 Looking down on slabby top of a ficow
from which the dense blocky overlying flow
is being stripped.
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3. Many flows have a jointing parallel to the top and
bass which gives them a beddsd structurs. Flat rock surfacses
dipping in the same direction as the flows are thus preduced
by the stripping off of ths overlying rock. When flat rock
surfaces show the characteristic ropy, wrinkled, or billowy

features of flow surfaces, a ccntact is established.

Fig., 8 Biilowy surface of basali® flow., recently
stripped of its overlying flow.
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4. Columnar joints do not extend from one flow into the
next. As a matter of fact, they were not seen extending clear
through any individual flows, showing rather a tendency to
fade out toward the tops and bottoms of flows. On the whole,
the flows exhibit columnar jointing but rarely, and in no
case is it well devsloped,

5. The tops of some of ths fiows show flow brecciation.
Flow breccia is generally followed horizontally in & down-dip
direction by the denss base of an overlying flow. No basal
breccias of the type rolled under flows were sesn.

6. Although many successive flows may have the same
composition, texture, structurs, and color, when a change in
any ¢ '
Sometimes the changes are conspicuous, as from basalt to
rhyolite, melaphyre to porxphyrite, or from porphyrite with
vhenoerysts large and abundant to porphyrite with phenocrysts
small and few.

Color changes may be useful (see Fig. 9 ), out must be
used with care as colcr may vaxy within a single flow. Changes
in jointing, (Figs. 2 and 9 ) should be watched.

Gradation ¢f texture from coarser to very dense strongly
ct. Lane has
of a particular aspect of this in the ophites ( foctnote p.34).

WHile grein size, febric, structure, coler, etc., often

vary within a single flcw, a sharp change in any of these may

indicate a contact.
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Fig, ¢ Contact between flows manifested Ly a sharp
color change, as well as by a change in the
character ¢f the jointing. Derk area to lower
right is lake water.

3 A R awd enm s satme—s e
ing anygdaloid, and pass upward

into straight sand, ox they may consist only of fine sand

resting directly on the undsrlying flow, as in Fig. 1C.

Figz, L0 Sandstone layer about five feet thick
tetween basalt flows. Hammer-head rests on
top of lower flow.
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8. Soil zones tetween flows are a good oriterion, but

nothing whioch could be identified as a residual soil zone of

Keweenawan age was seen in the section studigdi: iiuiiui:iy

9. QOlastic stringers. When the cracked suyifhiog iof:a; ficH

e % e o ssve s%%%e 8 o

is exposed for a time before being covered ovérﬁﬁﬁ{gﬁ@%ﬁér
flow, sand, dust, or ash may be washsd or blown into ths
cracks to form clastic stringers. These may or may not connsct
upward into a continuous inter-flow sand bed. Somwe sandstone
stringers are soft, and tend to weather out. Others have been
indurated and tend to stand out in relief by differentisl
erosion by waves beating against the lake shore (see Fig.1l ).

The stringers may extend down only a few inches or as much as ten

I I N E Eeay 8 o
i1eew ANlwO Vv

Fig. 11 Clasvic stringer in upver peri of amygdaloi-
dal baszalt flow, Trending about varaliel with
the lakeward dip. The contact with the next
overiving flow is found a few yards up the
shore, just out of the view.
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In traversing along the shore diagonally down-dip, the

infsrred to within a few yards.

10. Torographic effects due to differences in rook

ésistancs.

H

A, The type of shore line topegraphy, that is, whether
cliffs or gradual slopes front the lake, derends upon the
flow. focks which are easily undercut, such as rhyolites,
felsites, and closely jointed or crumbly basalts, wmake cliffs.
Resistant flows, chiefly ophites and melapnyres, Iorm low
shores. Thus, a change from cliffs to gradusl, low slcps
invites further examirvation of the transition zons for a
contact.

B, Many of the streams entering lLake Superior have a

series of waterfalls alcng their courses. Undercusting of

Fig. 12 Waterfalls in basalt flows. Gooseverry River.
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the amygdaloidal tops forms the falls. In the siuwplest
type the height of the falls is a close measurs of inse
thickness of ths flow. By recession the falls may leave a
gorge downstream. Flow contacts are usually found near the
base of the falls,

C. Caves may be hollowed out irn the amygdaloidal tops
of flows by storm waves beating against the shore. Their
rocfs are formed by ths massive basal porticns of flcws

overlying amygdalcids,

Fig. 13 <avern in amygdaloidal top =i flow with
recf of dense basal portion of overlying flow.
Slabby amygdaloid remnent in fzrzground.

Fig. 14 CUontact between flows denoted by sharp line

in ZefV foreground. Cave siarted in amygdaloid.
Roof rock caving off.
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D. Bmall coves or sharp indentations of the coast line
are ocut in the soft, amvgdaloldal tops, with or without the
development of caves, while the massive portions of the flows
project lakeward in roints. The writer found it convenient to
refer to this as "cove-and-spur" topography. It is a striking
feature of the coast, well known, if not understocd, by local
picnickers who seek shelter from northsast winds in the coves,
in the lee of the spurs. In many places one may look north-
eastward along shore and see a succession of lakseward-dirping

flows, etohed out by wave action, as shown in Fig. 15

Fig. 15 Fiows etched out by differential wave
erosion. Tendency toward cave development
also shown.

If the iow cliffs shown in Fig. 15 become worn or slumped
down, or are initially lower, the spurs may be lower and less
conspicucus, &s in Fig. 16

The stage shown in Fig. 18 may be fcllowed by a more
advanced degree of lowering in which the shores ars low and

parsly boulder covered, and the spurs have bsen reduced to

low reefs, disconnected, above lake level, frowm the shore,
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Fig, 16 "Cove-and-spur" topography, more subdued than
in Fig, 15. Left foreground is amygdaloidal top
of lower flow. Spur is dense base of upner flow.
Contact is at base of sypur.

Where a series of such reefs ocours at intervals along

may show no reef. On calm days the water is clear enocugh to
sse submergsd resefs.

E., Many cf the streams entering the lake socn find easy
cutting in amygdaloidal zones, and tend to dsvelop asymmetriocal
valleys by cutting down the dip slope, undermining the resistant
base of the overlying flow ( see Fig. 17 ).

Tributaries generally come from the up-dip side with few
if any coming from the down-dip or scarp side.

Streams flowing along the strike in amygdaleid may cut
across the overlying basalt at nearly right angles; flow
dowi~dip until the next amygdaloidal top is found, and then
resume cutting along the strike in this weak zone. In such
an angular stream course, each down-dip offset from a strike

- direction ideally represents the crossing of a flow.
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Fig. 17 Contact vetween fiows, kept fresh oy stream
cutting dip slope con soft amygdaloid, against
dense base of cverlying flow.

F. One marked feature of the topography in districts

-y m e

*  Grant, U.S., Coppex—bearing rocks of Dcuglas County,
Wisconsin: Wisconsin Geol. Survey Bull. 6, pp. 14-15, 1900
(guoted essentially verbatim)

steps vary in size according to the thicsness of the individual

flows, This step-like character presents itself as follows:
When one approaches from the north (the dip is south) a ridge
comnosed of outcrops of several flows he first encounters a
very steep, northward-facing slope; 0T even a precipitous wall,
which indicates nearly, the thickness of the lowest flow. At
the top of this wall is a gentler slope to the scuth, the sliope
coinciding practically with the dip of the rocks and marking
the upper limit of the flow approximately but not exactly, for

usually some of the loosely textured upper part of the flow

has bsen removed by erosion. COn follovwing down this glope for
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a short distance another very stesp slope, or precipitous wall

ie met, beyond which the more gentle southern sicpe and

stegper northward facing slope is repeated indefinitely

the

Where the flows are quite thick, valleys elongated in the

direction of the sirike, mark the separation between two flows.

Flow Units

It is quite possible, in fact probable, that sowme of the

thin flows shown in the ¢ross—-section may not reprresent
geparate flows coming direct Ircax

a
advance tongues tazpped off from a larger flow. Perhaps

: . .
vand, buf rather il

they

<+ v 3 3 - o ® M
Robhert L., Flow units in basglt: Jour, Cep

cross 8eotion over a range of but a few yards or more,

such detail could ve worked out.
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Kewcenawan Rocks

The Carlton slate, which underlies the Keweenawan rocks
southwest of Duluth, is given only incidental mention in this

report. It is more fully discussed slssewhere.*

* Harder, E, C.,, and Johnston, A.W,, Minnesota Geol. Survey
Bull. 15, 1918.

Winchell, N,H,, Minn., Gecl. and Nat. Hist. Survey, Final
Report, vol. 4, pr. 1-34, 1889,

The Keweenawan rocks found alcng the line of traverse are
of the smme types, in genersl, as thoss of the same age found
on Keweenaw Point, M¥ichigan. The rather full descriptions of the

Michigan rccks given by Butler and Burbank* fit the correspond-

.S., and Burbank, W.S5., The copvper devosits of
» Gaol. Survevy Prof. Pasper 144 1029,

W —_— w3

ing rocks in Minnesota so well thst it does not seem negessar:
tc repeat them fully here. Additional descrivtions occur in some
cf the papers in ths list of selected references at the end of
this report.

Sedimentary Rocks

The sedimentary reocks are decidedly subordinzte in the

section studied. They are generally pinkish, thinly laminated
ksandstones showing ripple marks and cross bedding, the latter
in some beds resembling that seen in dune sands. The texture
is generally fine-grained, and ccmmonly there is no basal con-~
glomerate, the texture ftending (megascopically) tc be rather
uniform from top to bottom. Sowme beds, however, 4o coatain
basal pebbles or boulders of the underlying amygdaloid, The

peds are generally onlvy ons or tweo feet thick, one bed standing
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out above all others with a thickness of at least 114 feet,
an unknown amount of this sandstone having been cut out by
a fault. In all about 35 interflow sediments were found.
The sandstones o not contain much quartz. Feldspathic
material, c¢lay mirerals, and some iron oxides are found.
Possibly some wind-blown pyroclastic material occurs, but
this was not definitely established. Ncthing which could be

positively identified as organic remains was found.

Fig. 18 Contact of red sandstone with overlying
basalt. Good Harbor Bay. Cock County, Hinn,

Many of the sardstones pass downward into arkosic stringers
in the underlying btasalt. Apparently sand was blown cr washed
intc cracks in the exposed surface of the flow before continu-
cus layers of sand were derosited. In a number of cases the
next flow was laid dcwn before continuous sand layers were
deposited. When such contacts are exposed by erosicn, arkose
stringers are seen cubtting down into the top of the lower

fiow (see Fig. 11J.
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Two sandstone beds near the Duluth business district have
abnormally steep dips in comwparison with adjacent flows. This
is probavly due to drag along small faults.

No felsitic sediments of ths type found on Xeweenaw
Point were seen in this area.

Basal Sandstone

The lowermost Kewsenawan formation is a basal sandstone
or gquartzite, found in direct contact with an overlying basalt
flow, (see section 30, Plate 3). The contact of the sandstons
with the underlying slate, which ocours in numsrous nearby
exposures, is covered. An estimate of 50 feet for the thickness

of the formation in this locality is prcvably not faxr irom

The relation of this sandstone to those near Fond du lac
{Piate 3} is not fully established. Quite probably at least
sone of the sandstons exposed at Fond du Lac corresronds %o

tion 20 (Blate 3). No time was available

0

«

e

that €

>

posed in

for this interesting preblem in the present study.
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Igneous Rogks

Intrusives

Gabbro

The chief intrusive rock is the Duluth gabbre. For the
most part it is a coarse phanerite composed principally of
labradorite, pyyroxene, and titaniferous magnetite. Peridotite,
anorthosite, regmatite, and rs8droCk phasées ocour locally.
Digbasic and coarse ophitic textures are found. Optically
continucus areas of pyroxene ssveral inches across inclosing
feldspar laths are seen. The gabbro shows a distinct banding
or fluxion structure, generally parallei to the regional dip.

in majer structure, *hze Suluth Gabbro is a lopoliti. For

Fig. 19 Zexding irn the Muluth gabbro. 1a¢ aip of the
bands is nearly parallel to the dip of the

flAawa nearvbv. Lacztinn North af Garv in Sean
flowe nearby. n orth of lLary 1in Seag

e en T

34, T 495-R 15 W.

further particulars on the gabbro, the reader is referrsd te

various papers by Grout.?

*  Grout, F.F., Pegmatites of the Puluth gabbro: Econ. Geol.,
vol. 13, op. 185-197, 1S18.
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Internal structures of ignsous rocks; their
significance and origin; with srecial reference to the Duluth
gabbro: Jour. Geol., vol. 36, pp. 4395-458, 1918.

A type of igneous differentiation: Jour,
Geol., vel. 26, pp. 6236-658, 1918.

The lopolith; an igneous form exemplified by
the Duluth gabbro: Am. Jour. Sci., vol. 46, pp. 516-533, 1918.

Probable extent of abyssal sssiwilation:
Bullc GO SO A., v°1. 4‘1, PP- 675"’694, 1930

Origin of the igneous rocks of Minnesota:
Jour. Geol., vol. 41, »p. 186-51&, 1833,

Exposures ¢f the resistant gabbre are virtually continucus
along the bluff facing the lake for & distance of ten miles,
or from bottom to top of the lopolith,

Viabase Sills

The term diabase is used here to denote a medium grained

K
D&

anerite naving a diabasic or ophitic fabric. The chief

and olivine mey occur also.

The rock is found mainly in sills from 3C to more than
1,000 feet thick. These have chilled borders, two contacts
having been observed iu which the boxder is a biack glass
showing only incipient crystallization. With increasing distancs
from the cocling contact the sills rapidly become medium
graired or even coarse. They may "bake" their host rccks for a
few fest from the ccntact, appearing fused to them in a strong
bond.
wkolly fluid condition.

Scue of the sills show differentiation; for instance the

one between mileposts 2 and 3, strips A-B and B-0, Plate 8.
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This grades from diabase to granite.* The Lester River diabase

* Grout, F.F,, Duluth rocks and structure: 16th Int., Geol.
Congress, Guidebook No. a7, pe. 71, 1933.

(strip C-B, Plate 6) also contains some redrock near the top.
Both sills ars overlain by felisitic flows and it i3 not im-
ressible that some of the redrock may be due te assimilation.

Both are fully expcosed from botiom To to

|
]

f‘
,@L

-— Yo awet
s A

-

: Xe

s P=¥ey

p.

shoul
interesting chemical-getrograrhic study.

Another type of differentiation coccurs in the Knife River
diabase (strip G-H, Plats 7). A few yards from the bottom of the
rock mass, at Stony Point, there occurs an oval "boulder®™ of
anorthosite several feet long, st in a wmatrix of disbase. It

~

up of large crystals of labraderite up to 2 inches long.

winds
w > o>

iz nad
While similar rounded masses of ancrithosite found in the upper
portions of silils have besn sxpisgined z& resulting frox the
clustering tcgether and rising of labradorite crystals in a
crystallizing basaltic magma, the occurrence in the bottem of

a sill calls for a different explanaticn.*

* Greut, F,F., Anorthosite and granite as differentiates of
a diabase sill on Pigecn Point, Minnescta:! Bull. G.S.A.
vol. 32, rp. 563-565, 1528,

arout F.F, and échWartz G.M,, The geclogy of the Rove
formation and assoc¢ciated invrusives in Horthsastern Xinnssotal
Hinossoia Cecl. Qvnﬂr‘:v Bulil. 24 P Sé 1¢33.

Peogmatitic patches of irregular shape, from a few inchss
to a2 few yards across occur in digbase, as along shkore north-
east of Stony Point (strip G-H, Plate 7}, and in a roazd cut

north of Two Harbors (Ssciiom i, ¥ 53 M-8 11 W).
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Crystals of plagioclase, pyroxsne, and hornblende several
inches long may be found in these besic pegmatites.

Columnar jointing is not usuaslly a coaspicuous featurs of
the sills, though rude columnar jointing dose cccur. One thin
8ill near Tischer Creek (Strip B-C, Plate 6) is exceptional

in having unusually large, regular coluwns (Fig., 30).

Fig., 320 Columnar jointing in thin diabass sill.

Columns are 3 feet thiock.
The disbasses form lowish bsaches, put inland they fomrm
toéographic sminences, generally cusstas (ses Plate 4).

Basaltic Dikes

Some 40 or 50 tasaitic dikes wers observed, chiefly in
the lower nalr oX the sS2Ctiun. ¥here 1s a striking similarity
between all the dikes. ALl have dense, chilled horders with
gradation of gralin size toward the center. Vikes a few inches
thick are aphanitic throughout; those reaching 10 feet or mors
may have centers of diabase. No amygdules were seen.

A rather well-developed columnar jointing is common to all,
and all but the thinnest dikes have in addition a tabular

jointing parallel %o the walls, lost of the joint surfaces
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are covered with a dark green chloritic material which is
gererally slikensided, though generally without visible
displacement. It is as though the rocks had beon "kneaded"
gently, with slipprage taking place along the joints,

The dikes do not apprear %o have been fused to their
host rocks. The bond is a2 locse one and thsere ie a tendency
for dike fragments toc fall away from the host, of if the
dike is more resistant the host rock may fall away, lesaving
the dike standing out in relief. On olear days such dikes
can be traced out on the laxe bottom some distance.

Thickness varies from a few inches to thirty feet. Most

..:

are frcua one to ten fest thick. the a

o \ . s .
dip 80, west. The walls are usually straight and thers is
not much curving or traaching. #S primary oxr “Ifiowage
brecciation was neted, nor any fluxion structure.

i
Near the thicker dikes in basalt pyrite, calcite, epldote

8|

a2nd barite® seem more abundant than elsewhere.

* The only other type of occurrence noted for barite was in
cavities in rhyolite or felsite where it is associated with

vurrle fluorite.

The dikes cut the Carliton slate and zll other Xeweenawan
rocks, as shown diagrammatically in Plate 2, and wherever
found, in whatever hest rocks, there is an iluposing samsness

amcng them.
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Extrusives

The extrusive rocxs are chiefly hasalts of various textural
tyves, with minor quantities of felsite and rhyclite. The basualts
are of the "plateau" type (sse p. 43).

Thickness of Indaividual Flows

¥low thicknesses vary from sheets a rfew inchea thick %o
flows over 200 feost. Beds from 15 to 90 feet thick are most com—
mon. Rhyolites and felsites tend 0 be thicker than basalts,
as one would expect, and it is reasonable to supprose that they
are also of lesser horizontal extent. Probably some did not
flow far frox their vents.

Tyves of Flows

The flows studied ressumvle those on

* Butler, 3.8., and Burbank, %.S., The copper deposits of
Michigan: U.S. Geol. Survey, Prof. Paper 144, 1939.

Opchite. Ophitic texture is the roughly circular mottling

of the rock produced by crystals of pyroxene that surround
and enclose the feldspar crystvals. The size of the pyroxene crys-
$als varies with their distance from the contact oi cooling.

1led luster-mottling of the ophites ba

-_a 2 -—S A7 2 %

n

Thua +ha an_.~ ama
OGS T oS S0-C omea

v

3

finer in texture as the contact is approached. Lame* finds that

*  Lane, A.C., Hich. CGeol. Survey Pub. & {(Geol.Ser.4) vol.l,
p. 145, 1911.
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of the pyroxene increases 1 millimeter for each 8 to 10
feet of distance from the upper or lower contact of the flow.
This ruie was tried out on Hinnesota ophites and the results
checkxed rather well. Most of the pyroxene ervstals or circular
"luster-mottlings™ seen in the Minnesota ophites were under
S millimeters, though very large ones occur in diabase and gabbro.
A pveculiar tyre of weathering, possibly in part = mechani-
cal disintegration ocours in some ophite flows. The rounded
"luster-mottled" spots weather out of the rock and accumulate
as a fine gravel composed almost exclusively of uniform-sized
grains of this material. A good exaumple is seen near the lake
shore at Cross River, in Cook Countye.
In taickness the ovhites range from 15 feet to well over
3200 faet, the average of about 50 ophites reing 20 feot, They
cccur chiefly in the upper half of the section, the upper fiows
being almost sxclusively ophites.

Porohvrite. Yhe rornhyrites are rocks that contain well-
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defined ¢rystals, usually ¢
than the same mineral in the groundmass.

The porphyrites range in thickness from 3 to a little
over 10C feet. They occur chiefly in the lower half of the

section (above and below the gabbro).
¥olarhvre. Melaphyre iz a term zpplied to rocks that

show none of the distinctive features indicated above. Many

beds that show a distinctive texture near the center loss it

near the margins, and many thin flows do not show a distinctive

texture in any pari. There are also some flows 100 fezt or
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more in thickness that show no distinctive texture and are
classed as wmelaphyre.

A variety of medaphyre is found along the lake shore which
forms a group of numerous thin flows in Sections 285 and 56,
T 51 N-R13 W, Strip D-E, Plate 6. This rock is finely granular,

orumbly, reddish, and has small but prominent feldspars, al-

J-L S U S
ria} ¢

~e ~ el
uuau 2ULT L Wwa

(el

8 nc
spathic melaphyrs.

The melephyree range in thickness from sheets a few inches

©

L4

tharough to fiows over 100 fest thick. A&n averag
melavhyres is 45 feat. ey occur chiefly in the lower half of

h
the s20tion, persisting bevond the porphyrites and up into the

v ST E YaVos,

zone of ovhites.

lcl
l"l

¥glsite. The =« '21site is used hare as a field term for
a dense, reddish to pinkish rock sometimes showing stucby
phenocrysts and in some places a banding similar to that seen
in rhyolites. A few thin sections examined micrcsceopically
contain quartz. The feldspars are usually much altersd. Ths
matrix is dense, and in places shows spherulitioc-like struct-
ures., Purrle fiuorite and barite are common in cavities.

The rock 1s closely and irregularly 3c1nted and forms
steep cliffs along the lake shore. In land it is seldcm seen
excert in creek beds. Five feleites range in thickness irom
14 to 315 fest, averaging 130 feet.

Rhyolite. The few rhyolites found in Duluth are of a

light reddish or pinkish cclor. They are very dense in texture,
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and contain some visikle orthoclase and quartz. Sowme flow-
brecciation ocours, but ths most conspicuous featurs is a
tyrical rhyolitic¢ flow banding. This imparts to the rock a
laminated structure whereby it resembles thin-btedded sand-

stone. (Fig. 21}

-5s

in xhyolits, giving tae rocx
structure. Lake Superior
E,, Duluth MEinn,

These laminations may undulate, giving the rock a false
appearance of having been thrown into gentle folds. In deteail
the flcw linss curve arouﬁd vhenocrysts and inclusions.

The ropy top skin of rhyolites and felsites may be thrown
into sharp iscclinal folds with an amplitude of five feet or
nore, by the force of oncoming lava. Such arsas, initially very
porous, are bleached, kaclinized, and minerzlized with chalco-
ryrite, barite, calcite, and purple and blue-green flucrite.,

Like the felsites, the rhyolites form cliffs aiong shore

and are seldom seen inland, excer’t in cresks,
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In thiczness they range from 100 toc over 600 feet. The
average is about 300 feet. It is not always easy to distin-
gulsh between successivs rhyolite flows, and it is possible
that in spite of careful search contacts may have been
the average of 300 feet would bs too nlgh.

Dolerite and Glomeroporvhyrite. No fiows of these tyres

Amvpdeloids

Practically all the basalt flows ars characterized by

proncunced vesiculatblon in vhe upper few feel. A ociitom laysr,

(")
4

igs. 1 and 3). The balance of the flow generally has few
any vesicles., Thin flows may bs vesicular throughout, though

some are massive. The latter have been explained® as bsin
8

Paper 144

due to thin lava sheets having poured out cver a surface not
vet ccoled so that sclidification was sliow enough to permit
the gas to escape vefcre ithe lava vecame surficiently viscous
te retain it as budbles.

Yost of the vesicles in the basalts, particularliy below the
gabbro, are wholly or partly occupied by amygdular fillings.
Common minerals recognized in the field are calcite, laumontite,
quartz (agate), epidote, and chlorite, with some wmagnetise,
ryrite, harite, and fluorite., The first five are of wideswnread
distribution. Frehnite, almcst invariably associated with small

grains of ceopprer,is abundant in localizea areas,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



39

Between Talmadge River and Smith Orsek (Strip E-F, Plate 7),
and along shors near milepest 30 (Strip E-I, Plate 8) prehnite
and coprer are found in place. Ths prehnite ie not merely an
amygdular filling, but appeare to have rerlaced the rock in
larers several inches thick. There is apparently nothing inher-
ent in the roock or the structure %o account for the deposition
of prehnite and coprer here, as irn preference to other flows of
similar composition and structure.

Local concentrations of resistant prehbnite boulders along
the beech suggest the presence nearby of bedrock supplying them,

Y

1 . i s o . . " - \ .
aligwance being made for the strewing out alceng shore of boulaers

2

Some of the common amygdular fillings ars seen in successive

layvers, concentric fashion, and megascovic sxamination indicates

There 1s some overlapping
2. Chlorite of all, apparently.

3« ZEpidote

4, Calcite and laumontite.

The amygdular minerals are regarded as having been depcsited
by thermal waters percolating thrcuzh the flows, These solutions
were prcbably in rart emanations from the flows, and in the main
retecric watsrs, heated by the flows. The meteoric waters could
occur in several ways. Porcus flows may contain ground water which
wight be heated by a later flow. In the Craters of the Moon Nat-
ional Mopuwent, Idaho, water may be found aripping into lava
tunnels from roofs less than 30 feet thick wany weeks after a

rainfall. Some hot water might be derived from rain falling on
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newly extravasated flows. The occasional interflow sediment-
ary beds suggest the probability that flocws poured out on
shallow becdies of water. Such a source of hot water is prob-
ably toc local to account for the rather general distributicn
of amygdular minerals.

Laves are known to preserve heat for several years.

dercalli” states that in July, 1914, he and Doctor Day could

f ey - _ - a2 2 = Py
AYRACANnI &TLIVI Q8il ks

i erra isT
S, Geol. Survey Prof, Paper 144, p. 33, 192S.

- -
39

da

scoroh paper in orevices in the flow of 1910 at Etna. Thus,
one would expect each fiow to contain warmed water for a iLime.

The minerals may have beern contributed by emanations from the

H

=l 7
Vil - le

?

-~
S

T - ~ 3 -+
cws. The cless asscciation of

¢

g - + <
flews znd by sclutien ¢

barite and fluorite with acid flows suggesis the formex.

Lindgren*® writes, "That zesolitizaition is far from being

* Lindgren, W., Hineral Deposits, 4th ed., p. 516, 1933

simoly an effect of the leaching by surface waters is shown
by the absence of zeolites from large areas of tasic flows,
many of them full of vacuoles ©or blow-holes.” As a matter of
fact, solution of amygdular fillings appears 10 ¥e geing on

at the present time in the LYuluth flows. In many places cel-
lnuliar flows have no amvgdules near the surface, but if the top

material 1s oroken away fresher rock containing amygdules can

be found below.

Possibly basic intrusives are responsivle for the local-

ized occurrences of prehnite and coprer.
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In general, the vesicles do net show extreme elongation
such as results from continued flowage up te the moment of
®*freezing". Most of the flows appeer to have congealed from
a ssanding liquid, yielding spheroidal or potato-shaped
anygdules. However, there are flows at irregular intervals in
which the vesicles are drawn out in the directien of flowage
to lengths equal to five or ten times their width. Where
exposures show this extreme drawing out of vesicles, the trend
cf elongation is markedly parallel, and is used to detsrmine
the line along which the lava flowed.

Anocther type of vesicles gives ths actuwal dirscticn of

flowags at the time the lava "froze". Thsese are the so-called

Dipe amygdules, ahown in diagram by Emmcns.” Bubbles rising
« Lramang ™ {4 o1 S+a:ffar = Tl1damnm Canlearvr?! = AN

:v. ~5 e -y Vi - -y e e i LY T~ WS & e wEw
New York, 1933.

from thes vase of a flew may bvecome drawn out into pipes res-

emcling the elongated bubbles gererally seen in ice cubes

g
gradually upward and if the flew is urged forward, the tops of
the pipes may be bent over in the direction of movement. Sec—
endary minerals may fill the pipes to form amygdules. Pipe

aumygdules are not overly common in the Duluth flows, and most

a of +ha gtraisht YNe aasr Iin . R
~ o W haNs LR 05 J‘vv -~ N N L d b. w e

ot

A +hAasa asnarn wov
Wh  VAWNY WU Uesr Tua

The amygdaloidal and cther features of flow tors are of
considerable importance in the Michigen flows, as indicated

by the following quotation,® "Ilhe copper derived from the

W

The copper deposits of

*  Butler, B. and Burbank, W.S.,
3 Pa er 144, pp. 287-28, 1839

Q
L/O’
Bichigan! U.S.Ceol. Survey DIOLq
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amygdaleoidal tops of the lava flows has amountsd to¢ neaxly

nylf the total production and now exceeds that from con-
glowerate lodes and fissuree combined. The greatest part of this
production from amygdaloids has come from only six flowse of

the scores tnat are present. It is esssntial, therefore, that

the charagcter and method of origin of these upper parts of the

=2

flows be understeed if o clear idea is to be gained of the

het detarmined the deposition in them of commercial

ore."™ the full discussion of these featurss of Michigan flows

oy Butler and Burbank aprlies in most respecte to the Minnesots
nd the reader is referred tc their paper for fuller

e P -
ALWHO, Gl

details than ars presented here.
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Character of the Flows

The Tlows correspond to the typre ¢f voicanic rccks known
as rlateau, or fissure flows the charescteristics c¢f which havs

teen summarized by Washington®*, essentially ss follows:

* Wzshirgton, H. S,, Deccan traps and othsr plateau basalts:
Gzol. Soc. America Bull. 33, pp. 785-804, 1822,

General

"’

.  They have characteristically issued from fissures, although
this quiet extrusicn is scmetimes accompanied by miner ex-
piosive activity.

2. They form flcws of very great extent, indicating a high

degree of fluidiiy at the vime oi extirusion.

a2 taicknes

7
-

0’
'-J
b

t

ana
[oBALEY

the teotzl thickness of th2 series of sugerimposed flovws is

4. Ash teds and iayers of 3coria are not abundant.

5. 1In sszveral regions the basalts are azsscciated with flows
cf rhyoiite or toscanite, while accompanying andesite and
trachyte are rarely met with, and lenzdic lavas, such as
rhonolite or tecnrite, ssldom or never occur.

8. They have besn extruded at very different geclogical

epochs, from the pre-lambrian tc recent times,

ilegascorically

1. Trhey are very dark, tlack, or occzsicnally brownish black,

rarely dark gray.

n

. In granularity they may vary from rather ccarszly doler-
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itic to dsnssly aphanitic, some 1ew Daing svidsntly highly
vitreous.

3 Vesicular forus seem to be rare as compared with ordinary
tasalts of volcanic cones,

4. The great majority are aphyric, but there is some tendency
to 2 porphyritic devalopment of the feldsvar,

S Augite seldom forms megaphsnocrysts, and these small and

sparse, while ¢livine phencerysis ars very rarsly prasent,
except in some of the Algonkian and Palisadan diabases.
Microscopically
e Thin sections show & etriking uniformity in mods, or at

least in general mineral composition.

N Augite and a labradorite (generally about Aby Ang) make
up about YU percent ©I The Trock in most cases, ana in ail
thess twe minsrals forc much the greater pard; both ars

present in approximately equal amcunis, zlithough there may

be some variaticn in the prepcnderance of one over the other.

3e The augite is colerless or, more gensrally, slightly

brownish, and seems to be commonrly an enstatite-augite in

ct

all {ths regilons, that is, the hypersthens molecule is present
in the pyroxene in amount avout equal to that of the diopside
molecule. This is in strong contrast with common basaltic

augltes, such as the loose ﬁrystals at Etna, Stromboli,
Vesuvius, the Alban Hills, and Haleakala, which are demin-
antly diopsidic,

4. The augite is almost always interstitial, and consequantly

anhedral.
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Se The plagiocclase is practically always tabular, and
guhadral or subhedral. The ordinary twinning lamslize are
always present, zonal structure is rare or abseat, and it
carriss almost no inclusicns.

Be Orthoolase is seldom present; s¢ that the molecule of
this must exist in solid solution in the labradorite.

7. In the typical plateau basalts no nephelite is present.
8. Olivine is generally rare, excert in the Algonkian and
Palisadan regions; in the tywpical Deccan and Cregonian
vasalss it is but sparingly present in a few specimens.

S Neither hornblende nor blotite seems to e present as

micrepegmatitic patehes interstitial between the pyroxene
and the Tfeldsyar.

11, lagnetite is common in all the helocrystalline plateau
basalts and in decidedly large amount. Its quantity dim—
inishes, howevar, wWith increase in the content of glass.

12. The magnetite is evidsntly highly titanifercus, and
ilmenite is present in many of the basalts, forming thin
rlatss.

13, Apatite is commen in the usual swall prismoids.

14, In crystallinity the plateau basalts vary from entirely

nolocrystalline to quite vitreous forms. The amount of
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glass may vary from nong to about 35 percent, rarely
more, and small lccal occurrences of almost holohyaline
basalts may ocour,

15. The glass is either colorless or so orowdsd with "dust™

that it cften aprears to be opaqua, or is yvellow.
8. The content in auglte, and still more in magnetite,

dacreases with incrsase in the awount of glass, pointing to
the conclusion that these two minerals are the last o

crystallize, and that the glass has the composition of a

augite grains. Less oftsn it is intersertal, and still
less often is a typical "busaltic® texture showa.

18. Texturzal evidence of flow is seldom s=2en.
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Pivection from which Lavas Cane

An attempt was mads in the fi2ld to determine the direction
from which the lavas flowed. The fellowing types of observations
were used:

1. Direction of glongaticn of vesicles. This will give the

line, but not the direction along that line. While flows may
move in diverse dirsotions locally, as in flowing around a
swall or hill, the sum total of a large number of readings
should be reliable.

~

. . . . 2 PREEY
Z. Bending in vipe zmygdules (se2 T, 41/,

3. Trend or pattern of wrinkles on top surface of flow. In

Figures § and 7 the pattern of the wrinkies is s
indicate a direction of fiowage toward the top of the view.

4, Flow lines in rhyolité. While these may show & platy

character, rarallel to the top and bottom of the flow, they
cften have a definitely linear charescter with 2 »ronounced
raralielism of the varicus linsar streaks.

5« Position of flow terminals. Only one terminal was seen.

It is shown in Fig. 22. The flow terminal faces up-dipr ard
the flow came from a down-dip (easiterly) directicn.

If the trends determired by tae criteria outlined arove
are plotted, some notion of the direction from which the
flows came is obtained. The plotting of 7C chbservations indi-
cates that the flows éame from a direction or directiocns be-
tween south 520 E 2nd north 83° E with a dominant dirscticn
cf from 11° north of east to 18° scuth of east or in other

words, from the direction of the present Lake Supericr.
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Fig, 23 Flow termiral., A thinly laminated, cross-
bedded sandstone, now dipring to tne rlght
was partly sovered by a dark red flow \1ower
right). Shortly after, a secend flow covered
the earlier, darz flcw and the remaining
gandetone surface in front of it. The hammer
rests on the later flow, abeve the sandstone
and in front of the earlier flov.

Close to a scurce of volcanic eruptions, which we may

suppcse for purposes of discussion were more or less evenly

spaced in time, a vertical ccluumn would include all or nsarly

- = LY. = S, Y PR ~ e <
all the fiows thet had veen exitravasatad. o

&)

o;e ervETions wav

o

have been greater than others ana would nave flowea farther

H

frcm the source, a certzin numvsr reachking to the oute

vorticn of tne lava field. Farther frow the source, a vertical

column at a given pcint would include those ficws which had
€Y Awnd Fm Rhha Al e~ AP +ha Tawvo Fia7TA Av + anma Aiatanan Faorthaw
P N ALERYAYY "4 VAT ';\ﬁav N e LTRSS A Ol Y T e da e ot v Ll A N e W M LAAIW W o Clde VAIW D

fror the scurce than the given point, and would not irclude those
flows which had flowed a shorter distznce. The average time
interval vetween flows in the ¢olumn near the source would be
less than thet in the column farither away.

If there were interflow pericds near the scurce sufficisntly

-

RV 4 "
long $0 permit sedimentati ion, erosion, OT sc¢il formaticn to take
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rlace, surely at a more remote reoint, not reached by all the
flows, the chances for sedimentaticn, erosicn, or scil for-
mation would be even greater. If 10 suocessive flows fell
short of this rewmcte point there would be 11 times as long an
interflow period as at a point inundated by all flows.

A point near the edges of the lava Iield or plateau weula
have been attained only by the greatest of the flows, many
having fallen short. Here one wight expect sxteusive soil
horizons, sediments lgid dewn in ephemeral lakes, cor evidence
of erosion between flows,

Tnie prorosition is rudely analagous to the matter of inter-
glacial soils, studied by Xav, Leighten, McClintoock, and others.

Sefore appliying this line of reascning to the Duluth fliows,

it =2 27 A
-an N .

sS4 a in
A K -~ X2

T2+ na raview +ha swridpornas nmardadinins £~ .
— - - —— —-— " T e N es :va W ey W iy - g o Y

~ ~
_______ b Pl s po
the secticn studied.

1. Upwards of 300 successive flows occur.

2. At nct a single contact could an interflow soil zcme

3. Ne¢ case of extensive interflow erosion was receognized.
4, The thickness ratic of interilcw sediments to flcows is
as 1 %o 75 or 100. {It is possible that some of the interflow

lastic material is of pyroclastic origin. If sc, the ratio

Q

n
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igh a
rajority cof the sediments are very tain.

5. Including arkese stringers in the ftcps of flows, there
is one interflow sediment for every six or seven flcows,

6. The sediments are mainly of the mineralogic composition
and texture that one mi

ght expect to ve derived from basalis

with low relief, not quartz 3ands such as might be washsd in
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from quartzese reooks outside the lava plateau.

7. A good many of the flows avvear t¢o have achieved em-
Placement while still in a fluid condition, as though contin-
ued flowage was limited by topography rather than by increasing
viscosity.

8. Not a few flows anpaar to have "frozen" while still

nr
o

ing forward.

19]

Having in mind a plateau comparable in size to the Snake
River Plain in Idaho, it is concludsd that the flows alcng
the section studied occuried & position neither near the outer
margin of the lava plateau nor clese to the fissures from
whi but rather in a more or less intermediate

the lavas game

0

nosition.

4

o ta NN
Uil & VYUoa

Qi

sy
L 29

[ 4

1, Littls or no soil formetion tecause of the inadequacy cf

time Yetween flows.

3. Minor erosion partly because ©f the maintenance cf a

conditicn of lcow relief by oubpourings of highly fluld vasalts.

3. A moderate guantity and numkcer of thin inter-flow arkosic

sediments of fine texbture, and some amygdaleidal conglomerate.

4, Arn interlarding of fluid flows with a few visgous ones.

The fluid flows may be thought of as extending beyond the point

P - Suutpp T Sy ~menm wmammlimem s emamalad e A A el blaAa YV aves T A
v FURTL VA LAV, RUIE MTLUGHD ATAVIMIUE VLT TWUHC Fk VAT sV WaG ue
gau, while the viscous cnes were reaching the limit of their

ability tc urge forward. This limit was actually reached, at the

line of the section, by the flcw illustrated in Fig. 32,
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Vikes as Possible Feeders

There might well be a tendency to consider the vossibility
that tha numerous basaltic dikes in the Duluth arsa represent
feedsrs to flows higher up. They are not so regarded vy the
writer, for the following reascons

1. The "family resemblance” between alli the dikes in all
respects is of the order of "ildentical itwins®. Color, structure,
mineralegy, texture, gradation of grain, eto., are monotonously
the same in all., This sameness does not harmonize with the

onservsd differences in ficws.

v}

. Phenoorysts are characteristically absent, while many
fiows have phenocryvsts.

3. No evidence of vesiculation was noted in any dike.

4, Hot magwma issuing through narrow fissures in quantities
sufficient to formw thick, extensive flows might reascnadly bve
expectad tc dring the temperature of the wall rocks up to a
voint such that chilleq, dense e glassy berders would noit e
formad.

5. Such hot magwa in passing upward tarcugh rhyolite nizht
be looked for to effect scme solution of or reacticn with the
host rock. Nothing like this was seeun in the several dike
cutting rThyolitve.

B. hilled dikes cut +the Duluth gebbro and digbase sills,
which suggests a late age, possibly, though not certainly,
after flow-accumulaticon was completed.

7. Ho dikes passing into flows were seen. This is negative

evidence, of ccurse, but coupled with the fact that the dikes

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



9]
)

do not show the variaticn seen in flows and show no vesiou-

lation, it is worth mentioning.
8.

Qe

There is no crystal orientation suggesting flow structure.

The principal trend of the dikes is ut a fairly high

angle to the axis of the structural besin in which accumulating

evidence indicates the fissures occurred,

10, Mone of the dikes show any fracturing or brecciation

such as might result

along an e8tablished fissure.

- -

ave beesn injected

s

into Ygola®

e

t0

-y

Preexisting cracks, suddenly, and in a completely liquid con-

- N N S S -3 oA, -~ - F ~ J A o - D o P - ™ o EES & LR <3, = 2. -
MAuaUll, Wl BLUUEML 104V0 L0 VAUTTL ViC nRidn axralv WO LCim WigSH
20 f2a%t thick. Each dike appears to reprasent z single chargs

ci 1iquid msagms which cooied znd crystallized in situ. The
guisode of dike intrusicn was proba»liy associabed with the

slumping of the Lake Superior basin.
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The Laxe Sucerior Cecsyncline

Hotehkiss* has advanced a nypothesis for the origin cf

*  Hotobkiss, W.0., The Lake Superior geosyncline: Geol.
Soc., Amsrica Bull., vol. 34, pp. 368-678, 12z3.

the lake Supsrior geosyncline which "relates the origin of the

various formations and their present structure ¢ the intrusiocn

(]

!

<]

cf an enormous bathylith, whose final result is evident ¢
in the sccres of thousands of cubic miles of Keweenawan lavas

and intrusives. The gradual foundering of the rcef of this

(%)}
ot
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b
n
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e
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bathylith is believed to offsr the mos

- B RN W mooe s
HE8TAY QifeCuvillie aniivon”

Lake Superior tcetween Pcrt Arthur

vy Summary Rept. for i818, oi-E,

s

Fort William and Pecrt Arthur and Thusder Cape map areas,
mbunder Bav district, Ontario: Canade Geol. Survey Xem. 16.,
.84, 1231

LO

finds svidsnce on the north shore ¢f Lake Superior irn Oniaric
that the flows came from the scubth. In t

flows came frow the east and a littie south of sast (see p.48).
kus there is evidence to indicate that she axis of the Lake

Superior geosyncline was the axis of Keweenawan fissure

Hotchkiss refsrs (r. 871) to the fanning of the dips in

[£2))

the Kewesenawan of the south shore. The flows at the south are
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prectically everywhere steeper than thecse on tue north. In the
Duluth area there is e similar Zanning of diprs, the lcwer bteds
having steeper dips than those stratigrapbically higher.

This fanning of dipa fits in with the picturs of a lava
rlateau over which basaltic flows are poured in large quan-
tities. An essantially level surface is maintained by continued
sinking as the flows arz extravasated. The earliest flows have
partaken of all the sinking; the latest flows have sunk the least.

The thickness of flows would te least near the edge, greatest
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Geologic History Intersreted

from Cross Section
The fellowing sequencs of events is rsecognized (refer to
Plate 3)!

1. Erosion of the Cariton Slate, followed by depcsition of

tesal quartz s stone. This represents a great unconformity.

2. Basalt flows were extruded over this sandstone. The

character of the surface on which the Tfirst basalt was laid
down is not knewn. The first vasealt, seen in direct contact
with the underlying sandstcne in seciticn 30, Plate 3, sunows

no particular evidencs of hnaving teen laid down in water. It
is a2 massive flow much like otner nigher flows known not %o
have veen deposited in waiter. ihere is some evidence of accournu

= % 1 2% % 4 va - P -
on of ¢lastic materials hetwesn some of the 2 10%W3

under the gabdbro but the amount is subordinats. In the celumn
&% a whoig, Tusre appear 10 have bs2n frequernt interflow rer-

Py

iods of short duration; none long encugh for soil horizons ic

3+ The Duluth gebbro was intruded after the sccumulatien of

a certain number of flows. How many flcws had been pourad oud
before the gabbro was intruded is not known; probably a fairly

great thickness, for the gabbro is a plutonic rcck tvre and it

does

13

ot gseet

rj el < ) < i

ess than some thousands ¢f feet.

-

at a depth of

4, A series of disvase sills was intruded at scme time be-

[

)

fore, during, or after the intrusion of the gabbro, just when

ig not xnown. FPossitly they are wmors or less contewporansous.
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5. Xore lavg flows way have accumulated after tue gavbro

and s1l1 intrusions.

6. There was 2 crogressive settling of the Lake Suvericr

basin as the flows accumulated. Just when this settling Pegan

is not known. Possibly it Pegan btefore a very greast thickness

.‘)

cloge of

of flows had scoumulated and continued until +

1

Reweenawan time

7. A series of hasgsaeltic dikes was intruded after the en-

placerent of the gabbre and sills, and possivly after additvion-
al flows had accumulated. It has been ncinted out that these
aikes have chilled borders and generally dense texture, excert

TOCXS they intrude. This means that they were injected not only
masses had hecome cowpletely crystallized and cooled to a suf-
ficient degree to efiect the chilling. The dikes, therefore

It would be 1interssiiang 1o make radiocactive time determin-
ations on three different samprles, one of the earliest flows,
cne of the gabbro or the sills, or both, z2nd one of the dikes.
There is surely a cconsiderable lapse cf time tetween the ear-
liest flows and the chilled dikes cutting the gabvbreo.

NP Ltamn NV mde 1 A.A..- - MVm me—m - M 3
wia AT LG uc «aDVYIAY VU AT Vol DY agaArLew

.’:f
[

e Y~ ~ -~ e 4
VT MOV OCCTUCTITQIL ok
in northeastern ¥innesota, for the top of the section is not
exposed.

Durstion of Xeweenawan Time

Van Hise and Leith* have expressed fthe opinicn that "the

Tr >

and Leith, C.X., The geclogy of the Lake
Gaol. Sdrvay donogrash 53, ».45C, 13811

* Van Hise, Cy
on:
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Keweenawan probably required as long a time for its formation
as the average geologic peried, such as the Silurian, Devenian,
and Carboniferous, and it may have bsen as long as the Cambrian."
What portion of Kewsenawan time was occupied with the dep-
osition of the rooks studied at Duluth is not known. Any con-
clusicns pregsented here refer only to the section studied
includes probably 850 flows with about 35 interflow sadiments
(inoluding clastic dikes in flow tops, not passing into con~

tinuous sand layers). It is considered too speculative to as-

Deprending on various factors, basalt flow surfaces may remain

which preserve almost their criginal freshness affer at least

400 years and possibly as much as 1000 ysars.

- ' < T b2l —y o e o ey E- ! e & 5 T LlAamas
~ bt Arni ‘{a LN V*"\UCLO I vie ‘-\JCL‘ ﬁull.nval&'ua =0
2
-
nos 1

S, S T
daho Pur. #¥ines and Geol., Bulletin 13, p. 31,

veral thousand yvears more they will still remain somewhat
fresh. The climate, of course, is arid.
£ the Xewsenawan prericd endured for 50
ssems likely that the deposition of the Puluth flows may have
required hut & fraction of this time, for the victure is one
of rather rapid accumulation of flows. That portion of the

pericd occupied with erosicn and the deposition of conglomer~

» J

ates =2nd sandstones of later Xeweenawan uway haves been c¢f long

duration.
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Differenti:

In contemplating a thick ssries cof flcws such 2s occurs
at Puluth it is only neturel to wonder if ithere is any
evidance of progrsssive or raythmic changes in the composition
of the lavas from bottom to top of the secticm.
From a study of the tatulation of flows presented on
pages 5-10 the following groups are recognized, from bottom

(1) to top (7):

6. Ochites and umelaphyres

4, Melarhyres with cphites ana porphyrites

1. delavhyres and rorphyrites

- e 3 g ) A * - -
ersain factors tend Lo ohg2urs %

(O]

b

low saquence to processes of differentiation within the
earth's crust. Fer instance, at a given place, only those
flowsa are sean which extended that far from the source. These

factors have been discusssd by Broderick.* Regarding the flow-

¢t the lichigan
, P. B33, 1835.

¥  Broderick, T.4,, Differentiation of law:
Xeweenawan: Geol. Soc, America Bull., vol
>

QOCIIBN/AEL SN/ ahAsro woa wniat s4Aa TA -t‘naca AAnamiIMs e FTombmara

e e aa e W N AL T wh o w ¥y T Ne aan —~ - N - - — S S vvvvm&-ﬁa&a - LA VD W
s o ' -~ L e . R o4 & -~

the fact thaet 1little is known at cresent of the deteils of

chnemical ana wminsralogical composition of the various flow

Possivply when the couposition of tae flows 1s worizad oud

A - -
NS S
vyiees

*
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the earth’s crust, the ovserved flow cycles may be related to
rrocesses of dirfferentiation.

A detailed study of this type wes made by Fermor®, who

* Fermor, L.L., On the tasaltic lavas penetrated by the deep
boring for ccal at Bhusawal, Bombay Presidency: Recerds, Geol.
Survey of India, vol. 58, pt. &, 2p. 93-2340, 1833,

examined specimens of 37 successive flows penetrated bv a
o §ccan traps. He indlcates
hat the difference between 5 groups of fiows can be explained
en the hypothesis of differentiation within a quiescent magua,
and refers the 5 groups to their relatvive positions within the

magma Teservoir. He writes (p. 887), "Accordiag tc the hypothe-

El

by ~—

- Yo o -
Cy the BT

h

is-

Hh

Lavas <&

[¢}]

Ly

o

[1}]

0y

’.J
ch
'.l

Q

4

=]

[¢1}

-— wormm X o~ b Y
nt writer, tias

sis adcpted
sure eruriicns zre derived either ultimately or diregtly from
an infraplutonic shell of basaltic compesiticn but eclogitic
phase, release of pressure CVEeTr 2 secior of the sgaxih’s crusi
rermitting the passage of eclogits intec 1ligquid baszlt with

£

an infra-plutonic (7subcrusial) magma reserveir,

"There appears to be no evidence whether eruption usual

-
!‘q

takes rlace at once frexm such an infra-plutconic mazgma~-ressrveir

¥

gither direct vo the surface o0 fill an intermediate intercrustal

’.44

magna~reservoiyr, or whether there is usuezlily z period of gui-
escence in the infra-prlutonic reserveoir vefore ervrticn, during
which stratification of the magua mignt Dy differentiation
result.”

Various students of the Xewesnawan have refsrred t¢ the
cccurrence cf zc¢idic lavas associatea with basalts. The ratio

in the Duluth ction is avout 1 of felsite to 7 basalt, which

0
1]
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yore in the intrusives

reserxnles the ratic of rea roex o ga

19

at Pigecn Point and elsewhere.®

* Grout, F.F¥F., persornal commwunicaticn

During rericds of quiescences Tthe rhyolites are suprossd
to have differentiated from the baszltic magmna. When exitrusion

less, from the preceding flcws t0 correspond wi

of differentiation that had taken place.*

* Heotcnkiss, W. O,, The Lake Superier geosyncline: Geol. Soc.

Arerica, Bu_¢., vol. 34, p.677, 1S33.

» wre s o o~ .
nrsaaiw Thilzas +ha ~Anly mzzas AT diffonasrntiadtiny. £had anw Ba
- AV S, =RLLS The vn.-} CAZT2E 0L QLIICITCLVIRLIONn Tnav can jors

The guesition as to now differentiation tzies Tlace arises.

Ferner® has recently referred the curicus oheromenon of re-

Ferner, C.H., A view of magmatic differentiaticnt Jour.

Gecl‘ s VOl. 43’ pp' 161—162, .L95?a

veated alternate outrourings of basazlt and rhvolite with 1ittls
Or no intermediate magma,; and the difficuliy of reconciling i3

with crystal fractiomaticn. He points cut that the two maoras
Py L)
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are evidently oclesely related in scome manner and are affected
by the same eruntive forces, their successive outrourings
follewing each other during a short igneous cycle, and some-
times are almost simultaneous, as though requiring the cosxis-
tence of baszltic and rhyclitic liguids. He peoses the questicon
Has the rhyvolite been derived frow the basalt? llow has this
been accomplished without the predauction of intermediats

magmas? What is the relative position of the two magma

.‘

crust, and what dispositicn of outiets does each re

1‘ IL'- 4.-|..l

COomin

e

'-l.

PR - . -—e
SUXrzCe W

There does not seew $0 ha any definite answer tc %

-~
[=2=

guestions as yeve.

& Y
vid

e Duluth here 25 an additicna

ample of a rhenomenon which has 2ngagsa tae attveation
retrelegists.

careful study of dichigan flows oy Brederick
A ful study of dichigan flows oy Brederick® sh

$ in the

ach the

neseg

I S IR
- U il

1 ax-

of

OWsS @&

* T.4.,, Differentiaticn in lavas cf the

Broderiock,
Geol. Scc. America, vel., 438, zp.

Keweenawan: Bull.

—~ ez

QW

dichigan
503-558,

~
zo

certaln flow sequance,

b
1.

intc a consistent picture

within the mapgma chambar.
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Abstract

i A cross section acress tie erodaa edges of diprirg
Rawognawan strata was measursd disgenal to the strike.

3. The ssquence of strata was noted and the thickness
measured. Detailed maps are presented.

3. A tabulaticn of strata in
presented; together with thicknessas.

4, A summary of thickness by rockX tysses shows!: tasic

extrusives, 186,903 feet; acid exitrusives, 3,64C feet, inter-

8
Puluth gabbro, 14,500 feet; diabase sills, 4,097 feet. The

S, Possitle errors exaggerating the thickness are dis-~
cussed, and it is concluded that the thickness given is of
the right order of magnituds.

S, Criteria for distinguishing vetween succsessive Ilovs

are discussed.

7e The Keweenawan formations are described.
8. Axmyedaloids are discussed. The amygdular fillings are

regarded as deposited from thermal waters. The order of para-

genesis 15 statsd.
S. The "wlateau tyve" character of the flows 1is pointed

cut, and Washington's statement of the characteristics of

nlatesu basalts is presented.

10, The directicn from which the lavas came is determined

-

by various criteria, and the present axis of the Lake Superior

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(o2}
(93]

basin is thought to have been the site of the fissures.

11. The Duluth flows were at an "intermediate" distance

from the source of eruptions.
Duluth area are nct regarded

12. The many dikes in tne

as feeders for flows hizher up. They ars regarded as cou~

paratively late apisodes in the Keweenawan.
13, Hotchkiss' hypothesis for the crigin of the Llake
Superior hasin is discussed in the light of new evidenze,

which suprorts ite.

14. The ssquence of events from Huronian to late Xeweenawan
time is stated:
A. Erosicn of Csrlton slate and dewncsiticon of asal sandsicne.
B, BExtrusion of vasalts.
C. Intrusion of Duluth gabbic.
D. Intrusion of diavase silis (rossibly near time cf gabbro).
E. Pcssivly more flows extruded aftsr C and D,
F. Settling cf Lake Superior basin during extrusion of flows.
G. Intrusion of bassltic dikes.
i5. While the duration of Xewsenawan time mav have veen as
iong as 5C,C00, CC ysars that rortion occupied with the sxtrusion
of the Duluth flows is regarded as out a fraction of tais wmericd.
18. The flow seguence by groups cf flows is statsd, ana
sub—grustel differentiation is discusssa. The alternate out-

rade to the versistence of basaltic ignescus gctivity in thr
Luluth rocks, No conclusions as t¢ the reletiocn of the cuserved

Tlow seguence tc sub-crustal differentiation can be dravn at

nresent.
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