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Sketch of General Ggology 
Tt would be out of place to review here the geology of 

the Lake Superior basin, but before proceeding further it is 
desireable to refer to the local geology of the area under 
consideration. Plate 2 represents a purely diagrammatic cross 
section along the line AS of Plats 1* The rocks in order of

<» *«  V  *

5. Basaltic dikes
4. Duluth gabbro and diabase sills
3. Lavas and inter—flow sediments
3. Basal Eevreenawan sandstone
1* GarIt 0£! £l£t$ (Hurcnian)

Curing Keweenawan tims this group of rocks was tilted to form 
the northwest limb ox che Lake Superior gecsyncline. xhe eroded 
edges of the successive strata are now exposed along the shore 
except where the latter parallels the strike.

Glacial processes have covered the rocks in places with 
moraines and glacial lake deposits; elsewhere considerable 
areas of fresh rock exposure have been laid bare. Recent wave 
action along the lake shore has created an almost continuous 
line of rock exposure by cliff-cutting, or by washing the rocks 
bare of their covering of lake beds. Glacially striated surfaces 
excellently preserved are common.

Explanation of Strip Ha?s 
From the slate area southwest of Duluth to the lower part 

of the Duluth gabbrc, net much detail could be worked cut be­
cause of the discontinuity of exposures and ruggedness of top­
ography* Fiats 3 indicates the general geologic relations alon<r
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the line of traverse below the gabbro. From near the base to 
near the top of the Duluth gabbro, no maps are p r e s e n t e d  as 
the traverse line encounters only gabbro with its various phases, 

Northeastward from Minnesota Point, not far from the top of 
the Duluth gabbro, good detail can be worked out because of 
continuity of exposures, and that portion of the traverse from 
the top of the gabbro nearly to Two Harbors, some 35 miles »wav3 
is presented in the form of strip maps of about two and one-half 
miles each, labdled A~3, 3~C, G-D, etc., in Plates 6, 7, and 8* 
These individual strips fit together into one continuous shore­
line strip. The scale is 400 feet to the inch, and section lines 
and mileposts along the railroad are shown. Field plotting was 
done on a scale of 100 feet to the inch for the first few miles,
■fc V* a t  ''in n AOd T.■'b ^Cl  £1. Viii.fi b v

pacing and Brunton compass, Locations are generally correct to 
tfiufiin a few yards.

The contacts between flows are plotted as strike lines and
0̂2TĈ 0 0 jT‘X S ,  OO^’VOTâ  071̂1 S 0 3,^ iSLiCS *̂0V0lL* £L
contact line between flows a few hundred feet tack from the lake 
on the map does not represent a contact on the land surface at 
that point. The actual contact could be located by projection 
up the dip to the bed rock surface. As a matter of fact, a few
r ; o  a  - a w o ^ r  -rV i A  rr V. w ^ / t V a  Cst+A ^  T*P 1 *1 V  W »  ‘h fo
J  v - .— ^  ^  w  ~ - ' - r —  ^  « y  ~  ~    ' * • -  • • ------------

glacial lake clays. Only rarely can an individual flow cr con­
tact be traced inland with any degree of continuity. >%ere the 
strike line on the map is broken into two dashes inland, an in­
ferred contact is denoted.

Each rock unit, whether f3.ow, sill, cr clastic bed, is
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designated with a symbol, ^  follows?
AC =t Amygdalcidal conglomerate
DB = Diabase (all are sills)
F -  Felsite 
SI = Malaphyre 
0 = Ophite 
R = Rhyolito

?*> A «—  «a mtr ✓Vf‘3 o 1  ̂A” * ■»-' w  ^  a  rfk c » w  Vr V  « . * r  v .̂ « v *

SS = Sandstone 
SSwS = Sandstone stringers

Y — — <» ^  - j - v .  — x v j  ^ w r  ^ 4 .  4 «7>V»
4. il ll»CXiijr WĈOO ViiVt 0!iiU4iiC3O 441 AÔV 1 9 ô V̂ Ui

Columnar S eut i on 
The columnar section presented below was compiled by cal­

culating the thickness of each bed along the traverse, these 
thicknesses were then totaled up, and the total taken to rep­
resent the thickness of the section. Figures less than 1 are 
ignored in the total, Fhile it is not difficult to conjure up 
mere favorable conditions for measuring a columnar section, the 
one thus obtained represents about the best that can be had. As 
a matter of fact, sections maas-ured perpendicular to the strike 
give totals of the sane order of magnitude, but have the dis-

<*+£> <*■» ’f’ •? v< 4 v* v. .-1 n ’V  a  T* ̂ »r* V  cj *rv*> *■*> O'.' t»o -c n *1 r'oo* oV did J W  .* W U U l l i ^  TJ*AVi V  A %*«#*•.* V/ 4*^ V w  .A *  v/ •» fc-tr—

one traverse line are rare.
In the tabulation of beds one column is headed Strip. This 

refers to the strip map on which the item referred to is found. 
The youngest flews are at the top of the column, the oldest at 
the bottom, or in other words, they are listed in stratigraphic 
order.
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Strip
Te.l3ulat.icn of Beds

Thickness
Rook in feet. Total

KE ox I - J O p h i t e 5S 3 8
I - J i t I I S 1 7 0

t t t t do r  f»
<Z\JO

n i t 3 1 2 3 4
t t t t 3 3 3 6 7
w Tt 4 0 7
tr t t 1 0 8 5 1 5
it tl amt a i  o
t t I t 3 0 6 4 3
r w O'”’ /•% *n n ^
t t t t 2 6 6 9 0
t t t t 1 3 5 8 2 5
K I t 6? 8 9 ?

K * I t t 1 2 6 1 0 3 0
t t « 5 3 •tt / >  R*f ^

tt W 7 ° / I K

H ft S 6 T  O i l  
w  —

R f t 9 1 1 3 2 2
tt tt 3 8 1 3 6 0
w p n ^  o r

tt tt 3 3 1 5 1 8
« ft 6 3 1 5 6 0
a ii

\ 5 c 1 6 1 5
T7

I  same as flew to x & j
t t  n. u */iaUaOCJ O  _  X  -v \  V V i i J -  V O  a . u v * y , w — ̂ i A

icn?) j.oec 3 3 1 3; H Ophit2 " VJ ̂ 3 4 2 0R t t 2 0 7 3 6 3 7
n . F~G Series of ophites and meia-

phyres(under clay banka) 5 0 7 1
F-G Ophite 7 5 5 1 4 6

t t h e 1 ap  ay r e S I 5 2 0 7
it Ophite *  c* 5 2 5 3
K n 2 1 0 5 4 6 3
W C ( ?  c

W W — W —■ *“■
R Ophite 4S 5 5 1 2
« « 2 0 t— r *  rtt f~»

o o 3 *
t t K 7 4 5 6 0 6
TV Series of melaphyres and

cchites (under clav banks) 1 3 0 8 6 9 1 4
t ! 'isla^hvre 1 5 63  3S
n n 1 1 5 7 0 4 7

E d F Ophite 1 8 1 7 2 2 S
t t n 2"7*■> w  l 7 4 6 5
n Sandstone 3 7 4 6 8
t t Ophite 1 9 5 7 6 6 3
t t t t 1 0 6 7 7 6 3
t t Sandstone stringer —
t t Ophite 2 0 7 7 8 S
w Sandstone stringer —
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6

S t r-ip Rock 1 m e  icness Total
E-F Ophite ^£■£*> 8011

tt Sabdstene stringer - -a Ophite 15 6026
tt Sandstone stringer - -

K Ophite 33 8059
it Sandstone stringer — -
H Ophite 91 8150
tt Melaphyre 79 3223
tt Sandstone stringer - -

Tt Ophite 148 6377
« Sandstone 4 S381
Tt M o l  a v 'V n n ’ o 41 8422n Sandstone stringer — -

deiaphyre 52 8474
tt Tt 21 8495
Tt If 10 8505
Tt tt 94 85S9
Tt « 107 8706
Tt w p h i  u 6 o 354 SOSO
t! Melaphyre 39 9099
tt n . - t ry l-T—  i-J Ophite 157 9266

D-E Melaphyre 50 S316
TT IT ***

o o
^  4 *
3 ' iU r s

H Tt 81 S465
t t « 50 9535
m f t 1 K

uh. u
o*s:r.v  -v «.• —

w It 8 9558
It It 12 9570
TT !T n oW w 9532
K TT 9 9601
Tf H 23 S62 5
Tt tr 9 9632
)f It 14 9646
M H 46
1

It 1 6 9708
TT

1 8 S736
If Tt

o O 9756
n TT 42 3798
n Sandstone stringer — —
7? Melanhyre 13 9811
H i t 73 9884
w n 43 39 32
w TT 68 lip, 000
» IT O O  

w  w
 ̂A  , \  r ^ n

I? n 38
JL V  ̂  V  

1 0 , 0 6 6
it Sandstone 3 10,069

Melaphyre 4 .0*±W 10,111
n Sandstone stringer .
n Mele.nhyre 33 10,144it Sandstone

Melaphyre
i

36
10,145 
10,181
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Strip Rock Thicknega To-
D -S

n
n
tt
n
H
f?
tj
n
H
n
«

it
it
n

1!

w
«
it

«
R
H
n
M
R
n
n
9t
n
n
n
i t

K
tt
R

n
n
n
M
«
«
W

Sandstone p 10,183
Melanhyre 16 10,139n 26 10,225

Sandstone 10,236
Ophite 20 10,246Sandstone stringer — —
Melaphyre 18 10,234Sandstone C . 6 )
Melaphyre 23 10,233
Ophite 82 10,568
Melaphyre 45 10,4138 10,421

Sandstone 2 10,433
Rc mhyrite 31 10,454Aaygdaloidal

conglomerate Of*. 10.474
Rcrphyrits 109 101583
Melaphyre 21 10' 604
Rorphvrite 14 10, 618« SS 10, 673ft 38 10,711
Helaphyrs 47 10,75Sn CO ft a aca"If- w j W wft ft A O ft ̂

AmyaxLaloidal
conglomerate *5 O 10,941

Ophite 55 10,997
Melaphyre 3 10,S9SSandstone 2 11,001Melaphyre 6 11,007ft 64 i, J. J V/ < 1n S3 11,163ft 137 11, 3 SC-n 64 ll, 354n

n
04
31 11,405 

11, 433ft 27 11,463ft 133 11,536ft 43 11,638
TT 15 11,654ft 30  ̂ j

J - J - j  C O ^ft 37 11, 721ft
ft 14 11, 75513 11,747

Sandstone 12 11, 753
Melanhyrea ‘ SI 11,84053 11,S99si 11 n'sioRelsite 122 12,033Melaphyre 57 12,089
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Strip Hack Thickness Total
D-E Sandstone (.3) —n Melarhyre 63 12,157C-5D,D~ E tt 36 12,193
C-D n 47 12,240tt n 9 13,249tt B 10 13,259!t n 30 13,289
n Sandstone (.6) —
n

— V V 432 13.731n Diabase 7S5 13, 506n Helanhyre OR•BT V 13, 533
B ft 113 13, 651
B TT S3 13, 7oCtr Sandstone 2 13, 752tt Au;y gdal o idai

coneloperate 4 13, 756tt Melaobvr e 25 13, 781tt tt"4' 44 107 13, 888W tt 90 13,978
* Diabase 193 14, 170n aw 114 14. 2S4 0  ^w n 51  ̂ r—
n Sandstone i.X. 14, 316?? u  a wJ, 9 -w --

3-C Pcrphyrite "! f2 v* w' O
B n "5 âN.o C5 133 15,138n Felsite 76 15,214

Melaphyre ^ Cv 15, 383
tt Sandstone 1 15, 383t? Melaphyre 115 TR .iQGJ ■» w **t! Rhyelite 189 15,687tt Felsite 125 15,313H rorphvrite 3 15,315tt Rhyolite 16 15,831
tt Felsite 315 16,146It --claphyre A•A- 13,150tt Socriaceous
tt amygdaloid

Porphyriie
10
33

16,160 
16* IS 3tt Sandstone 5 16,138n Pornhvrite 29 16,337tt «“ 73 16, 300M St O Am '. 2 7,wtt r 111 “iS*443tt ff 45 IS, 4S7

n it 8o IS, 572tr
tt Hhyeliten 131

ivcf 16,733 
16,342tt . Hhyolits -part of Hh,

tt under Diabase 14 16,356
tt

B-C. A-BA-3'

Diabase
Khyolite
DiabasePorphyrite

31
445

1295
101

16,387 
17,333
T g  f l o ?

T O
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c

Strip Rook Thickness
A - 2 Felsite 1 4

tt Melaphyre T C  «  w
n Diabase 6 4
n Melaphyre 1 5 1
n Aaygdaloidal ccngl. 1 3M Melaphyre <-xra
tt ^ 72
W Porphyrite 4 5
tt
!*

Melaphyre
Sandstone- some cut

•» -r- roiil T"V U V  i»i j A u. v

5#?

3.3.4
n Porphyrite s c
if Melaphyre 1 8
n Sandstone 1 6

Melaphyre 5 3
« 2 1
if Porphyrit8 5 8
tt Melaphyre, thin, dense f  . CV f  s.
tf n 4 5
n S  ̂  xi-i sto^s 9
w *1 A
I? n 3 4
TT Sands tor. 3 SO
n Melaphyre 5 3
it IT 5 5
ff tt 2 7— •n < * •^orpnyrxser
n Melaphyre w
n Pomhyrite 8 4
r* S3
n pcrchyrites and melaphyres 

at least 1 0  flows 
Duluth gabbro 
Melaphyres and porphyxs- 

ites below gabbro.
Basal sandstone

'  1 3 6 8  
1 4 5 0 0

3 5 0 0
5 0

Total 
7 4 3IS

18
IS
18
IS
I S
■> a

19
1 9

IS
1 9  n a
•* ^

19
19
IS
19
19
1 9  
1 3  
IS
- o■i V

I S
IS
2 0

21
35
3o
38

754
813
989
9 8 1
vxv 
023 
071 
1<S f

343
365
417
436
536
581
o9Q
304
638
658
690
745
f » c

A  *~V 4
C ' » - ' T r

872
956
039
407
S07
407
457

For summary, see page 10.
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Summary _o_f Thickness by Rock Types

Rooks
Baslo extrusivea 

Melaphyrg
rv*s 4 +■ a 

V O

Forphyrite
Melaphyre and porphyrite, 

\incLi ffs* wii"t ist*fescl 
Melaphyre and ophite 

undifferentiated

Thiokne38 in feet

4, 595 
4,430 
1,358
•3,868

Total

.3*753
16,903

A _  4 - l  J. — __4 ____ ~ASA OAU4''4Q4TCO
Rhyolite 
Felsite

1 Q  QQW. J W W W

653 3,640

Interflow fragmental rocks 
Sandstone (arkcsic) 
Amygdaloidal conglomerate 
Sooriaceous amygdaloid

Basal sandstone

198
59
1 0

50
26?

50
Intrusive rooks 

Duluth gabhro 
Diabase sills

14, 500 
4.097

18,597

Total thickness of Ksweenawan measured - 38 , 457 feet,
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Such a calculation of thickness as is presented above 
may be subject to certain errors*. These are!

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

1. Errors in field observations, including undetected ohanges 
in the dip, or the duplication of bed3 by faulting.

S» Reckoning of apparent rather than actual thickness, if 
the layers have a shingled, foreset structure.

With respect to the first point, it can be stated that the 
dips do change, but such changes are well shown, and dip read­
ings oan be taken at frequent intervals.*

* Many more dip and strike readings are available than are 
shown on the maps, Plates 6, 7, and 8. Those shown represent

4 « o  f
53 «•» *-» W  -- W W  w  * *  w  *

As to the duplication of beds by faulting, a study of the 
flow 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-faulting. In Plate 4 
is shown a series of ophite exposures forming a low ridge.
This flow is undoubtedly the thick ophite exposed along shore 
between T&lmadge and French Rivers (Strip E-F, Plate 7). It 
was traced along the strike for 6 miles. To the northwest of 
it> is b, of cll.£&b&50 sxpOoLurss aoxiaxng ci prominent nclge•
This is the Lester River diabase, exposed along shore north­
east of Lester River (Strip CUD, Plate 6). This sill was traced 
along the strike a distance of 15 miles. There was good topo­
graphic evidence to indicate that both the sill and the flow 
extended even farther along the strike, but time did not per-
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13
mit tracing them out. In Plate 5 is shown a similar case of 
persistence of individual "beds along the strike. In one case 
where a dip fault does occur 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 
covered stretches of beach it is possible that such faults do 
occur, but, as already 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 so far as the order of magnitude 
of the thickness determined is concerned. While this thickness 
may be toe great for some parts, on the basis of the probable 
manner of accumulation of the flows (see p. 53) it is undoubt­
edly too thin for other sections that might be chosen.

Northeastward along the shore beyond the end of the present 
traverse, the lavas continue to strike at an angle to the shore 
line, though dips become flatter. At Two Harbors, over a mile 
beyond the traverse, occur at least 10 more flows.* As to how

* Schwartz, G. M., A guidebook to Minnesota trunk highway No. 
I# Minnesota Geol. Survey Bulletin 30, pp. 70-71, 1935

much additional thickness will be added to that already summed 
up when and if the section is extended to the topmost exposed 
beds along shore, no estimate is hazarded, though it would not 
be surprising if the total thickness reached 50,000 or 60,000 
feet.
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Criteria Used for Distinguishing 
Between Successive Flows 

An important part of the field work consisted in dist­
inguishing between successive flows. While many of the flow 
contacts were easily recognized, some were not so obvious*
TV»a a A owa ni*Aaontari Kfll aw Thatr owa A - P f f l a O

applying to this area, though some will apply elsewhere.
1. Most of the basalts have massive interiors, grading 

gradually upward into highly vesiculated (now amygdaloidal) 
tops. The bottom five or six inches may also be amygdaloidal 
though this zone grades sharply into the dense part above.

SJL  I, 4 - ̂  J ̂  -fc. V — -5 — — — — *U~ J — T )-4 • 4 J-'U —uaxuxng xu vac ucaoc uaoc Ox a xxwrv auu ncvx&..a.ug xu uuc
direction of dip, we may observe the amygdules in the dense 
basalt 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 the two flows, as in Fig, l. 
Proceeding farther the dense portion of the second flow gives 
way to amygdaloid and soon we come to the second contact, 
provided it is not covered. Obviously, where amygaaloidal

Fig. 1 Contact between flows, sharp and flat. Lower 
flew is amygdaloidal in upper few feet. Base of 
upper flow dense, with six-inch amygdaloidal 
zone at base.
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basalt occurs on the up-dip side of a short covered stretch 
and dense basalt on the down-dip side, the presence of a 
contact under the covered area may be inferred.

Fig- 2 Contact between flows8 Not so plain as that 
in Fig. 1, but distinguished near aaramer-head. 
Faint suggestion of ellipsoidal structure in

•& A  A W

T?< w* rZ 1a a  4*«*f a  at* A w e  a  1a a. a- «■ *•» "1 ^  ̂  1
* v  v v v n v « u  **vn isr^ o u v iiA u g  ct»uj Vi.UCtA

top of lower flow and npipe amygaules” in
lower four inches of overlying flow. Note the
watch, for scale.
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3. In many of the basaltic flows the vesicles in the 
upper few feet appear to have flattened and coalesced, im­
parting a slabby or laminated oharacter to the rock. This 
slabby zone is usually followed in a down-dip direction by 
base of the next flew, as in Figs. 4 and 5.

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

Fig. 5 Looking down on slabby top of a flow
from which the dense blocky overlying flow 
is being stripped.

the
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3. Many flows have a jointing parallel to the top and
base which gives them a bedded structure. Flat rock surfaces 
dipping in the same direction as the flows are thus produced 
by the stripping off of the overlying rook. When flat rock 
surfaces show the characteristic ropy, wrinkled, or billowy 
features of flow surfaces, a contact is established.

' W W A T ^  *
tv

Fig. 8 Billowy surface of basalt 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 developed.

5. The tops of some of the flows show flow breociation.
Flow breccia is generally followed horizontally in a down-dip 
direction by the dense base of an overlying flow. No basal 
breccias of the type rolled under flows were seen.

6. Although many successive flows may have the same 
composition, texture, structure, and color, when a change in
n  TT\ TV A -P +  V\ »TT r* A A AAr»4* A /T^* W A Tf
t t r +* j r  v a  w « w  w w v w i a c ^ a  v v m v o w  w u ia j i  w d  n x u u  v a u v x u u i

Sometimes the changes are conspicuous, as from basalt to 
rhyolite, melaphyre to porphyrite, or from porphyrite with 
phenocrysts large and abundant to porphyrite with phenocrysts 
small and few.

Color changes may be useful (see Fig. 9 ), but must be 
used with care as color may vary within a single flow. Changes 
in jointing, (Figs. 3 and 9 ) should be watched.

Gradation of texture from coarser to very dense strongly
c3 *1 a  4- a  o  w  o  o  ■+• <**> o  T i q ^ a  n o e  e f l u c o i
W W W W  UrU A W WVVM W V 6V * * V iU Vb«V V • *~>.»t« v M U W  f w U i  W V VIW «/A V

of a particular aspect of this in the ophites ( footnote p.34).
WHile grain size, fabric, structure, color, etc., often 

vary within a single flow, a sharp change in any of these may 
indicate a contact.
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Fig. 9 Contact "between flows manifested 'ey a sharp 
color change, as well as by a change in the 
character of the .jointing. D&xk area to lower 
right is lake water.

7. Inter-flow sediments form one of the most positive 
criteria for distinguishing between flows. These may contain 
basal boulders of the underlying amygdaloid, and pass upward 
into straight sand, or they may consist only of fine sand 
resting directly on the underlying flow, as in Fig. 1C«

Fig* 10 Sandstone layer about five feet thick
between basalt flows. Hammer-head rests on 
top of lower flow.
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8. Soil zones between flows are a good criterion, but
nothing which could be identified as a residual soil zone of

• •  • * • *  •  •  * * •  " * • • •  «Keweenawan age was seen in the section studifS>.:. i ; :
9* Clastic stringers. When the cracked jof-;a.‘ ftbJ*

is exposed for a time before being covered over:jfc^*a-\Sater
• •  • •  • •

flow, sand, dust, or ash may be washed or blown into the 
cracks to form clastic stringers. These may or may not connect 
upward into a continuous inter-flow sand bed. Some sandstone 
stringers are soft, and tend to weather out. Others have been 
indurated and tend to stand out in relief by differential 
erosion by waves beating against the lake shore (see Fig. 1 ).
The stringers may extend down only a few inches or as much as ten

Site

•S»w

Fig. 11 Classic stringer in upper part of amygdaloi- 
dal basalt flow. Trending about parallel with 
the lakeward dip. The contact with the next 
overlying 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 
presence of clastic stringers presages a contact between .£lows,

without an intervening sandstone lay£r.': TkV ’ac't'udl
v • • • •  •  , , • » • • • • •

may prove to be covered, but it can’-geheraTly'be:
inferred to within a few yards. :

10. Topographic effects due to differences in rook 
resistance.

A. The type of shore line topography, that is, whether 
cliffs or gradual slopes front the lake, depends upon the 
flow. Hocks which are easily undercut, such as rhyolites, 
felsites, and closely pointed or crumbly basalts, make cliffs. 
Resistant flows, chiefly ophites and melaphyres, form low 
shores. Thus, a change from cliffs to gradual, low slops 
invites further examination of the transition zone for a 
contact.

B. Many of the streams entering Lake Superior have a 
series of waterfalls along their courses. Undercutting of

Fig. 12 Waterfalls in basalt flows. Gooseberry River.
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the amygdaloidal tops forms the falls. In the simplest 
type the height of the falls is a close measure of the 
thickness of th8 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 in the amygdaloidal tops 
of flows by storm waves beating against the shore. Their 
roofs are formed by the massive basal portions of flows 
overlying amygdaloids.

Fig, 13 Cavern in amygdaloidal top cf flow with
reef of dense basal portion of overlying flow. 
Slabby amygdaloid remnant in foreground.

Fig* 14 Contact between flows denoted by sharp line 
in left foreground. Cave started in amygdaloid- 
Hoof rock caving off.
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D. Small ooves or sharp indentations of the coast line 
are out in the soft, amygdaloidal tops, with or without the 
development of oaves, while the massive portions of the flows 
project lakeward in points. 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 understood, by local 
picnickers who seek shelter from northeast 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 lakeward-dipping 
flows, etched out by wav» action, as shown in Fig. 15

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

If the low cliffs shown in Fig. 15 become worn or slumped 
down, or are initially lower, the spurs may be lower and less 
conspicuous, as in Fig. 16.

The stage shown in Fig. 13 may be followed by a more 
advanced degree of lowering in which the shores are low and 
partly boulder covered, and the spurs have been reduced to 
low reefs, disconnected, above lake level, from the shore.
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Fig. 16 "Cere-and-spur" topography, more subdued than 
in Fig. 15, Left foreground is amygdaloidal top 
of lower flow. Spur is dense base of upper flow. 
Contact is at base of spur.

Where a series of suoh reefs ocours at intervals along 
the shore, trending with the regional strike, each reef may 
reasonably be taken tc represent a flow. Sons flows between 
may show no reef. On calm days the water is clear enough to 
see submerged reefs*

E. Many of the streams entering the lake soon find easy 
cutting in amygdaloidal zones, and tend to develop asymmetrical 
valleys by outting 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 amygdaloid may cut 
across the overlying basalt at nearly right angles, flow 
down-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 between flows, kept fresh by stream 
outting dip slope on soft amygdaloid, against 
dense base of overlying flow.

F. One marked feature of the topography in districts 
(inland) where the leweene,wa.n rocks are not covered by later 
material is the peculiar step-like surface.* The different

* Grant, U.S., Copper-bearing rocks of Douglas County, 
Wisconsin: Wisconsin Geol. Survey Bull. 6, pp. 14-15, 1S00 
(quoted essentially verbatim)

steps vary in size according to the thickness of the individual 
flows. This step-like character presents itself as follows:
When one approaches from the north (the dip is south) a ridge 
composed of outcrops of several flows he first encounters a 
very steep, northward-facing slope, or 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 south, the slope 
coinciding practically with the dip of the rooks 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 been removed by erosion. On following down this slope for
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a short distance another very steep slope, or precipitous wall 
is met, beyond which the more gentle southern slope and the 
steeper northward facing slope is repeated indefinitely.
Where the flows are quite thick, valleys elongated in the 
direction of the strike, mark the separation between two flows.

Flow Units
It is quite possible, in fact probable, that some of the 

thin flows shown in the cross-section may not represent 
separate flows coming direct from a vent, but rather thin 
advance tongues tapped off from a larger flow. Perhaps they 
are wflow units0.* As most of the flow contacts were seen in

* Sichols Bobert L. Flow units in b aC-lt= - our„ Gecl. 
vol. 44, pp! 617-630,'1936^ '

cross section over a range of but a few yards or more, no 
such detail could be worked out.
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K-eweenawan Rooks 
The Carlton slate, which underlies the Keweenawan rocks 

southwest of Duluth, is given only incidental mention in this 
report. It is more fully discussed elsewhere.*

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

Winchell, N.H., Minn. Gecl. and Nat. Hist. Survey, Final 
Report, vol. 4, pp. 1-34, 1899,

The Keweenawan rocks found along the line of traverse are 
of the same types, in general, as those ox the same age found 
on Keweenaw Point, Michigan. The rather full descriptions of the 
Michigan rocks given by Butler and Burbank* fit the correspond-

* Butler, B.S., and Burbank. W,S„. The copper deposits of 
Michigan* U.S. Ggnl* Survey Prof. Paper 144, 1939s

ing rocks in Minnesota so well that it does not seem necessary 
to repeat them fully here. Additional descriptions occur in some 
of the papers in the list of selected references at the end of 
this report.

Sedimentary Rocks 
The sedimentary rocks are decidedly subordinate in the 

section studied. They are generally pinkish, thinly laminated 
sandstones showing ripple marks and cross bedding, the latter 
in some beds resembling that seen in dune sands. The texture 
is generally fine-grained, and commonly there is no basal con­
glomerate, the texture tending (megascopically) to be rather 
uniform from top to bottom. Some beds, however, do contain 
basal pebbles or boulders of the underlying amygdaloid. The 
beds are generally only one or two feet thick, one bed standing

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



37

out above all others with a thickness of at least 114 feet, 
an unknown amount of this sandstone having been out out by 
a fault. In all about 35 interflow sediments were found.

The sandstones do not contain much quarts. Feldspathio 
material, clay minerals, and some iron oxides are found. 
Possibly some wind-blown pyroclastic material occurs, but 
this was not definitely established. Nothing which could be 
positively identified as organic remains was found.

Fig. 18 Contact of red sandstone with overlying 
basalt. Good Harbor Bay. Cook County, Minn.

Many of the sandstones pass downward into arkosio stringers 
in the underlying basalt. Apparently sand was blown or washed 
into cracks in the exposed surface of the flow before continu­
ous layers of sand were deposited. In a number of cases the 
next flow was laid down before continuous sand layers were 
deposited. Iffhen such contacts are exposed by erosion, arkose 
stringers are seen cutting down into the top of the lower 
flow (see Fig. 11).
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Two sandstone "beds near the Duluth business district have 
abnormally steep dips in comparison with adjaoent flov/s. This 
is probably due to drag along small faults,

No felsitic sediments of the type found on Keweenaw 
Point were seen in this area.

Basal Sandstone 
The lowermost Eeweenawan formation is a basal sandstone 

or quartsite, found in direct contact with an overlying basalt 
flow, (see section SO, Plate 3). The contact of the sandstone 
with the underlying slate, which ocours in numerous nearby 
exposures, is covered. An estimate of 50 feet for the thickness 
of the formation in this locality is probably not far from

r \ -wnrs/i -+• w  A  Jk v v

The relation of this sandstone to those near Fond du Lac 
(Plate 3/ is not fully established, Quite probaoiy at least 
some of the sandstone exposed at Fond du Lac corresponds to 
that exposed in section 20 (Plate 3). No time was available 
for this interesting problem in the present study.
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Igneous Rooks

Intrusives
Gabbro

The chief intrusive rock is the Duluth gabbro. For the 
most part it is a coarse phanerite composed principally of 
labradorite, pyroxene, and titaniferous magnetite. Peridot-ite, 
anorthosite, pegmatite, and redrock phases occur locally. 
Diabasic and coarse ophitic textures are found. Optically 
continuous areas of pyroxene several inches across inclosing 
feldspar laths are seen. The gabbro shows a distinct banding 
or fluxion structure, generally parallel to the regional dip. 
In major structure, the Duluth Gabbro is a lopolitL. For

Fig. 19 Banding in the Duluth gabbro. The aip of the 
bands iswnearly parallel to the dip of the 
flews nearby Location tiorth of Garv in Sso = 
34~ 'T 4 9 ^ ^ 1 5  W.

further particulars on the gabbro, the reader is referred to
various papers by Grout.*

* Grout, F.F., Pegmatites of the Duluth gabbro: Econ. Geol., 
vol. 13, pp. 185-197, 1S18.
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Internal structures of igneous rocks; their 
significance and origin; with special reference to the Duluth 
gabbro: Jour. Geol., vol. 36, pp. 439-458, 1918.

A type of igneous differentiation! Jour.
Geol., vol. 26, pp. 626-658, 1918.

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

Probable extent of abyssal assimilation!
Bull. G. S. A., vol. 41, pp. 675-694, 1930

Origin of the igneous rocks of Minnesota!
Jour. Geol., vol. 41, pp. 196-218, 1933.

Exposures of the resistant gabbro are virtually continuous 
along the bluff facing the lake for a distance of ten miles, 
or from bottom to top of the lopolith.

Diabase Sills
The term diabase is used here to denote a medium grained 

phanerite having a diabasic or ophitic fabric. The chief
ir a  v \ 4 4* A

u i x u p i a ^ s  c*4.0 j tuui^uv v a  v w » v >̂

and olivine may occur also.
The rock is found mainly in sills from 30 to more than 

1,000 feet thick. These have chilled borders, two contacts 
having been observed in which the b o m e r  is a blacx glass 
showing only incipient crystallization. With increasing distance 
from the cooling contact the sills rapidly become medium 
grained or even coarse. They may "bake" their host rocks for a 
few feet from the contact, appearing fused to them in a strong
X* A *-. *3 a . *  a. ViAoa, AiM f lV i 4 4 .a /-* i n  .£» o  C: Vi 4" 4 a l l  x r a

+  CJr£-' VW u a v v  v v  a** V-  w V**

wholly fluid condition.
Some of the sills show differentiation; for instance the 

one between mileposts 3 and 3, strips A^B and B-C, Plate 6.
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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. 37, p. 71, 1933.

(strip C-D, Plate 6? also contains some redrock near the top. 
Eoth sills are overlain by feleitic flows and it is not im­
possible that some of the redrock may be due to assimilation. 
Both are fully exposed from bottom to top and should make an 
interesting ohemical-petrographic study.

Another type of differentiation occurs in the Knife River 
diabase (strip Ck-H, Plate 7). A few yards from the bottom of the 
rook mass, at Stony Point, there occurs an oval "boulder11 of 
anorthosite several feet long, set in a matrix of diabase. It 
is made up of large crystals of labradorite up to 3 inches long.
While similar rounded masses of anorthosite found in the upper
portions of sills have been explained as resulting from the 
clustering together and rising of labradorite crystals in a 
crystallizing basaltic magma, the occurrence in the bottom of 
a sill calls for a different explanation.*

* Grout, F.F., Anorthosite and granite as differentiates of
a diabase sill on Pigeon Point, Minnesota* Bull. G.S.A., 
vol. 33, pp. 563-5657 1S3S.

Grout. F.F. and Schwartz, G,M., The geology of the Rove 
formation'and associated intru3ives in Northeastern Minnesota* 
Minnesota C-ecl. Survey, Bull. 24. p.52, IS33.

Peg^aatitic patches of irregular shape, from a few inches 
to a few yards across occur in diabase, as along shore north­
east of Stony Point (strip G-ti, Plate 7}, and in a road cut 
north of Two harbors (Section 1, T 53 h-R 11 W).
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Crystals of plagioclase, pyroxene, and hornblende several 
inches long may be found in these basic pegmatites*

Columnar jointing is not usually a conspicuous feature of 
the sille, though rude columnar jointing does occur. One thin 
sill near Tischer Creek (Strip B-C, Plate 6) is exceptional 
in having unusually large, regular columns (Fig. 30).

Fig. 30 Columnar jointing in thin diabase sill.
Columns are 3 feet thick.

The diabases form iowish beaches, but inland they fora 
topographic eminences, generally cus3tas (see Plate 4).

Basaltic Pikes
Some 40 or 50 basai-cxc dikes were observed, chiefly in 

the lower n a n  or the sectiuu. There is a striking similarity 
between all the dikes. Ail have dense, chilled borders with 
gradation of grain size toward the center. Dikes a few inches 
thick are aphanitic throughout; those reaching 10 feet or more 
may have centers of diabase, ho 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 to the walls. Most of the joint surfaces
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are covered with a dark green chloritic material which is 
generally slikensided, though generally without visible 
displacement. It is as though the rocks had bean "kneaded" 
gently, with slippage taking place along the joints.

The dikes do not appear to have been fused to their 
host rocks. The bond is a loose one and there is a tendency 
for dike fragments to fall away from the host, or if the 
dike is more resistant the host rook may fall away, leaving 
the dike standing out in relief. On clear days such dikes 
can be traced out on the lake bottom some distance.

Thickness varies from a few inches to thirty feet. 2£ost 
are from one to ten feet thick. The attitude is nearly ver­
tical; the dominant strike is a little east of north, the

odip 80, west. The walls are usually straight and there is 
not much curving or branching, No primary or sfiowagen 
brecciation was noted, nor any fluxion structure.

Near the thicker dikes in basalt pyrite, calcits, epidote 
and 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 
purple fluorite.

The dikes cut the Carlton slate and all other Keweenawan 
rocks, as shown diagrammatically in Plate 3, and wherever 
found, in whatever host rocks, there is an imposing sameness 
among them.
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Sxtrusives

The extrxtsive rooks are chiefly basalts of various textural 
types, with minor quantities of felsite and rhyolite. The basalts 
are of the "plateau" type (see p. 43).

Thickness of Individual Flows 
Flow thicknesses vary from sheets a few inchea thick to 

flows over 300 feet. Beds from 15 to 90 feet thick are most com­
mon* Rhyolites and felsites tend to be thicker than basalts, 
as one would expect, and it is reasonable to suppose that they 
are also of lesser horizontal extent. Probably some did not 
flow far from their vents.

Types of Flows 
The flows studied resemble those on Seweenaw Point so 

closely in most resoscts that the classification of flows 
adopted by Michigan geologists*is followed here.

* Butler, 3.S., and Burbank, '?he copper deposits of
Michigan? U.S. Geol. Survey, Prof. Paper 144, 1939.

Basalt s
Ophite. Ophitic texture is the roughly circular mottling 

of the rock produced by crystals of pyroxene that surround 
and enclose the feldspar crystals. The size of the pyroxene crys­
tals varies with their distance from the contact of cooling.
Thus, the so-called luster—mottling of the ophites becomes 
finer in texture as the contact is approached. Lane" finds that

* Lane, A.C., Mich. Geol. Survey Pub. 8 (C-eol.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 rule was tried out on Minnesota ophites and th8 results 
checked rather well. Most of the pyroxene crystals or circular 
"luster-mottlings" seen in the Minnesota ophites were under 
5 millimeters, though very large ones occur in diabase and gabbro.

A peculiar type of weathering, possibly in part a mechani­
cal disintegration occurs 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-sised 
grains of this material. A good example is seen near the lake 
shore at Cross River, in Cook County.

In thickness the ophites range from 15 feet to well over 
300 feet, the average of about 50 ophites being 90 fasts They 
occur chiefly in the upper half of the section, the upper flows 
being almost exclusively ophites.

Porphyrite. The porphyrites are rocks that contain well- 
defined crystals, usually of feldspar, of an cider generation 
than the same mineral in the groundmass.

The porphyrites range in thickness from 3 to a little 
over 100 feet. They occur chiefly in the lower half of the 
section (above and below the gabbro).

Mg1aphyre. Msisohyrs is a term applied to rocks that 
show none of the distinctive features indicated above. Many 
beds that show a distinctive texture near the center lose it 
near the margins, and many thin flows do not show a distinctive 
texture in any part. There are also some flows 100 feet or
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more in thickness that show no distinctive texture and are 
classed as melaphyre.

A variety of melaphyre is found along the lake shore which 
forms a group of numerous thin flows in Sections 35 and 36,
T 51 M-R13 W, Strip D-E, Plate 6. This rock is finely granular, 
crumbly, reddish, and has small but prominent feldspars, al­
though the rock is not pcrphyritic. It is here called a feld- 
spathic melaphyre.

The melaphyres range in thickness from sheets a few inches 
through to flows over 100 feet thick. An average of about 100 
melaphyres is 45 feet. They occur chiefly in the lower half of 
the section, persisting beyond the porphyrites and up into the 
zone of ophites.

Ac id Flows
Eels ita. The word f els its is used here as a field terra for 

a dense, reddish to pinkish rock sometimes shewing stubby 
phenocrysts and in some places a banding similar to that seen 
in rhyolites. A few thin sections examined microscopically 
contain quartz. The feldspars are usually much altered. The 
matrix is dense, and in places shows spherulitic-like struct­
ures. Purple fluorite and barite are common in cavities.

The rock is closely and irregularly jointed, and forms 
steep cliffs along the lake shore. In land it is seldom seen 
except in creek beds. Five felsites range in thickness from 
14 to 315 feet, averaging 130 feet.

Hhyolite. The few rhyolites found in Duluth are of a 
light reddish or pinkish color. They are very dense in texture,

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



and contain some visible orthoclase and quarts. Some flow- 
brecciation occurs, but the most conspicuous feature is a 
typical rhyolitic flow banding. This imparts to the rock a 
laminated structure whereby it resembles thin-bedded sand­
stone. (Fig. Si)

-Hlcw banding in rhyelite, giving the rock 
a thinly laminated structure. Lake Superior
Shore and 43rd Ave. S.. Duluth Minn,

These laminations may undulate, giving the rook a false 
appearance of having been thrown into gentle folds. In detail 
the flow lines curve around phenocrysts and inclusions.

The ropy top skin of rhyolites and feisites may be thrown 
into sharp isoclinal folds with an amplitude of five feet or 
more, by the force of oncoming lava. Such areas, initially very 
porous, are bleached, kaclinized, and mineralized with chalco- 
pyrite, barite, calcite, and purple and blue-green fluorite.

Like the feisites, the rhyolites form cliffs along shore 
and are seldom seen inland, except in creeks.
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In thickness they range from 100 to over 600 feet. The 
average is about 300 feet. It is not always easy to distin­
guish between successive rhyolite flows, and it is possible 
that in spite of careful search contacts may have been 
missed. In that case, the average of 300 feet would be too high.

Dolerite and Glemeropor-uhyrite. No flows of these types 
were recognised in the section studied,

Amygdaloids
Practically all the basalt flows are characterized by 

pronounced vesiculaticn in the upper few feet. A bottom layer, 
usually under 6 inches thick, may also contain vesicles (see 
Figs. 1 and 3). The balance of the flow generally has few if 
any vesicles. Thin flows may be vesicular throughout, though 
some are massive. The latter have been explained* as being

>-» ^ "P,? ' r» Vs o v". I'" rs H  T ? _ S _  P.v -s-sTT-m.-tr -p. v J. v • ̂  ̂ v*** m ya ***>• ̂ * •• •  ̂ ^ 9 * ** V ¥ V Jf • * t

Paper 144, p.37, 193S.

due to thin lava sheets having poured out over a surface not 
yet cooled so that solidification was slow enough to permit 
the gas to escape before the lava became sufficiently viscous 
to retain it as bubbles.

Mo3t of the vesicles in the basalts, particularly below the 
gabbro, are wholly or partly occupied by amygdulax fillings. 
Common minerals recognized in the field are calcite, laumontite, 
quartz (agate), epidote, and chlorite, with some magnetite, 
pyrite, barite, and fluorite. The first five are of widespread 
distribution. Prehnite, almost invariably associated with small 
grains of copper,is abundant in localized areas.
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Between Talmadge River and Smith Creek (Strip E-F, Plate ?), 
and along shore near milepost SO (Strip B-I, Plate 8) prehnite 
and copper are found in place. The prehnite is not merely an 
amygduiar filling, but appears to have replaced the rock in 
larers several inches thick. There is apparently nothing inher­
ent in the rook or the structure to account for the deposition 
of prehnite and copper here, as in preference to other flows of 
similar composition and structure.

Local concentrations of resistant prehnite boulders along 
the beech suggest the presence nearby of bedrock supplying them, 
allowance being made for the strewing out along shore of boulaer 
tossed by storm waves. Some prospecting for copper has been 
carried on near French and ^nxfe Rivers, out without success.

Some of the common amygduiar fillings are seen in successive 
layers, concentric fashion, and megascopic examination indicates 
the following order or paragenesis;

1. Agate
There is some overlapping

3. Chlorite of all, apparently,
3, Epidote
4. Calcite and laumontite.
The amygduiar minerals are regarded as having been deposited 

by thermal waters percolating through the flows. These solutions 
were probably in part emanations from the flows, and in the main 
meteoric waters, heated by the flows. The meteoric waters could 
occur in several ways. Porous flows may contain ground water whi 
might be heated by a later flow. In the Craters of the Moon Nat­
ional Monument, Idaho, water may be found aripping into lava 
tunnels from roofs less than 20 feet thick many 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 flows poured out on 
shallow bodies of water. Such a source of hot water is prob­
ably too local to account for the rather general distribution 
of amygdular minerals.

Lavas are known to preserve heat for several years. 
Mercalii* states that in July, 1914, he and Doctor Day could

* Mercalli {Vuics.nl attivi della terra, p. 1SS, 18 Or} cited 
from U, S. Geol. Survey Prof. Paper 144, p. 33, 1939.

scorch paper in crevices in the flow of 1910 at Etna. Thus, 
one would expect each flow to contain warmed water for a time. 
The minerals may have been contributed by emanations from the

T  ^   ̂ 4  ^  I** .*> o  T*V% ■>*» *1 y-s o  o  o  o  o  ”1 «  t *  i  4 *
• ̂ v n p  T i ! i ' , *  vj o v j > u u x v u  s/a vuv/ «l a w  tt was/mw mwi/vw v  J.

barite and fluorite with acid flows suggests the former. 
Lindgren* writes, ”!hat zeolitization is far from being

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

simply an effect of the leaching by surface waters is shown 
by the absence of zeolites from large areas of basic flows, 
many of them full of vacuoles or biow-holes.” As a matter of 
fact, solution of amygdular fillings appears to be going on 
at the present time in the Duluth flows. In many places cel­
lular flows have no amygdules near the surface, but if the top 
material is broken away fresher rock containing amygdules can 
be found below.

Possibly basic intrusives are responsible for the local­
ized occurrences of prehnite and copper.
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In general, the vesicles do not show extreme elongation 

such as results from continued flowage up to the moment of 
“freezing". Most of the flows appear to have congealed from 
a standing liquid, yielding spheroidal or potato-shaped 
amygdules. However, there are flows at irregular intervals in 
which the vesicles are drawn out in the direction of flowage 
to lengths equal to five or ten times their width. Where 
exposures show this extreme drawing out of vesicles, the trend 
of elongation is markedly parallel, and is used to determine 
the line along which the lava flowed.

Another type of vesicles gives the actual direction of 
flowag8 at the time the lava "froze". These are the so-called 
pipe amygdules, shown in. diagram "by Emmons.* Bubbles rising

i-iyio 4 £3̂  o Ai^ ̂ SOU ^SOXO'"r,r= O# 340
New York, 1S33.

from the base of a flow may become drawn out into pipes res­
embling the elongated bubbles generally 9een in ice cubes 
frozen in refrigerator ice trays. If ins viscosity decreases 
gradually upward and if the flow is urged forward, the tops of 
the pipes may be bent over in the direction of movement. Sec­
ondary minerals may fill the pipes to form amygdules. Pipe 
amygdules are not overly common in the Duluth flows, and most
yv-P -P + V a  o  +  -r» o i r V i 'f .  e a a r ,  n r> V i  ..y. X,

The amygdaloidal and other features of flow tops are of 
considerable importance in the Michigan flows, as indicated 
by the following quotation,* "The copper derived from the

* Butler, B.S., and Burbank, W.S., The copper deposits of 
Michigant U.S.Geol. Survey Prof. Paper 144, pp. 37-2-8, 1S39
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amygdaloidal tops of the lava flows has amounted to nearly 
half the total production and now exceeds that from con­
glomerate lodes and fissures combined. The greatest part of this 
production from amygdaloids has come from only six flows of 
the scores that are present. It is essential, therefore, that 
the character and method ox origin of these upper parts of the 
flows be understood if a clear idea is to be gained of the 
conditions that determined the deposition in them of commercial 
ore." The full discussion of these features of Michigan flows 
by Butler and Burbank applies in most respects to the Minnesota 
flows, and ths reader is referred to their paper for fuller 
details than are presented here.
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Character of the Flows

The flows correspond to the type of volcanic rocks known
as plateau, or fissure- flows the characteristics of which have
been summarized by Washington*, essentially as follows:

* Washington, H. S., Deccan traps and other plateau basalts:
Geoi = Sq o - America Bull. 3 5 ,  pp. 765—604, 1 3 .3 2;

General
1. They have characteristically issued from fissures, although 

this quiet extrusion is sometimes accompanied by minor ex­
plosive activity.

2. They form flows of very great extent, indicating a high 
degree of fluidity at the time of extrusion.

3«. TJr 2 2̂72 ncix v i ci 12 3 ,i. y cx cons 2 3. 302_̂  "tXL* c—nsss s.x'ci

the total thickness of the series of superimposed flows is
Zz * -- <X v =

4. Ash beds and layers of scoria ars not abundant.
5. In several regions the basalts are associated with flews 

of rhyoiite or toscanite, while accompanying andesite and 
trachyte are rarely met with, and lenadic lavas, such as 
phonolite or tephrite, seldom or never occur.

6. They have been extruded at very different geological 
epochs, from the pre-Cambrian to recent times,

Megascopical l_y
1. They are very dark, black, or occasionally brownish black, 

rarely dark gray.
2. In granularity they may vary from rather coarsely doler-
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itic to densely aphanitic, some few being evidently highly 
vitreous.

3. Vesicular forms seem to be rare as compared with ordinary 
basalts of volcanic cones.

4. The great majority are aphyric, but there is some tendency 
to a porphyritic development of the feldspar.

5* Augite seldom forms megaphsnocrysts, and these small and 
sparse, while olivine phenccrysts are very rarely present, 
except in some of the Algonkian and Palisadan diabases.

Mj c ro sc op i cally
1. Thxn sections show a striking uniformity in mode, or at 

least in general mineral composition.
3. Augite and a labradorite (generally about Ab^ Ang) make 

up about 90 percent of the rock in most cases, ana m  all 
those two mineraxs form much the greater part \ cofh are 
present in approximately equal amounts, although there may 
be some variation in the preponderance of one over the other.

3. The augite is colorless or, more generally, slightly 
brownish, and seems to be commonly an enstatite-augite in 
all the regions, that is, the hypersthene molecule is present 
in the pyroxene in amount about equal to that of the diopside 
molecule. 'This is in strong contrast with common basaltic 
augltes, such as the loose crystals at Etna, Stromboli, 
Vesuvius, the Alban Hills, and Haleakala, which are domin­
antly diopsidic.

4. The augite is almost always interstitial, and consequently 
anhedral.
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5. The plagioolase is practically always tabular, and 
euhadral or subhedral. The ordinary twinning lamellae are 
always present, zonal structure is rare or absent, and it 
carries almost no inclusions*

S. Orthoolase is seldom present; so that the molecule of 
this must exist in solid solution in the labradorite.

?. In the typical plateau basalts no nephelite is present.
S. Olivine is generally rare, except in the Algonkian and

Palisadan regions; in the typical Deccan and Oregonian 
basalts it is but sparingly present in a few specimens.

9. Neither hornblende nor biotite seems to be present as 
a normal constituent in any of the regions.

10; Quarts is not usually nreeent in the basalts, although 
many of them show an excess of silica in the norm. It

"I v*i moritr r\ -f* +Via r iJ. sV 'acoc ViACOTra t*  ̂r.■V v" »w w i i  t  J  "as* i  V  ' ■—»«e*i v r  <*•* v r 1̂  ’V  ^  j  •  v

micrcpegmatitic patches interstitial between the pyroxene 
and the feldspar.

11. Magnetite is common in all the holocrystalline plateau 
basalts and in decidedly large amount. Its quantity dim­
inishes, however, with increase in the content of glass.

12. The magnetite is evidently highly titaniferous, and 
ilmenite is present in many of the basalts, forming thin 
plates.

13. Apatite is common in the usual small prismoids.
14. In crystallinity the plateau basalts vary from entirely 

holocrystalline to quite vitreous forms. The amount of
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glas3 may vary from none to about 35 percent, rarely 
more, and small local occurrences of almost holohyaline 
basalts may occur.

15. The glass is either colorless or so crowded with "dust” 
that it often appears to be opaque, or is yellow.

1 <2 TV<3 /*» 0+^*1 w 4 r) w» q + a
kj m * ii<C/ w  v  £x v xa w -a W |  t 4 v * v  iua>g4AW v l  W |

decreases with increase in the amount of glass, pointing to 
the conclusion that chese two minerals are the last to 
crystallize, and that the glass has the composition of a
vm 4 •via A -f o t ' i ^  + n  own w a a, -t*  ̂+tA
t U A A V U A W  V  A  V S /  I A M S *  V  a  W »

17. The microtexture is most often ophitic, the thin tables
r  i  j  M ^4  i.  ^ ”9 »— J «. 4 *<« a  «. 4 + 4 ^ 1  w /t a a  a ^  o *»•«*1y x  JiCtUXdUiVjikX V O  J.J x u  cfcxx x u v 9 x o  v a  v a c v a  m u o o  v a  lAt-v^vui.

augite grains. Less often it is intersertal, and still
less often is a typical ^basaltic” texture shown.

18. Textural evidence of flow is seldom seen.
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Direction from which Lavas Came 
An attempt was made in the field to determine the direction 

from which the lavas flowed. The following types of observations 
were used!

I. Direction of elongation of vesicles. This will give the 
line, hut not the direction along that line. While flows may 
move in diverse directions locally, as in flowing around a 
swell or hill, the sum total of a large number of readings 
should be reliable.

S. Bending: in pipe amygdules (see p. 41).
3. Trend or pattern of wrinkles on top surface of flow. In

V -t n -n -w a e  Ci a  v* ,-3 *7 4->>o n o  +  f  o r n  r\ t  -h n ^  n V T  p q  l a  f l i i n h  T .n•  A C .  X  v w  V  V  W V *  V  *  W -w « M M M  V  <• w  w .V  m  «  V

indicate a direction of flowage toward the top of the view.
4, Flow lines in rhyolite. While these may show a platy 

character, parallel to the top and bottom of the flow, they 
often have a definitely linear character with a pronounced 
parallelism of the various linear streaks.

Position of flow terminals. Only one terminal was seen.
It is shown in Fig, 33. The flow terminal faces up-aip and 
the flow came from a dcwn-dip (easterly) direction.

If the trends determined by the criteria outlined above 
are plotted, some notion of the direction from which the 
flows came is obtained. The plotting of 70 observations indi­
cates that the flows came from a direction or directions be­
tween south 53° E and north 63° E with a dominant direction 
of from 11° north of east to 16° south of east or in other 
words, from the direction of the present Lake Superior.
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Fig. 33 Flow terminal. A thinly laminated, cross- 
headed sandstone, now dipping to the right 
was partly covered hy a dark red flow (lower 
right). Shortly after, a second flow covered 
the earlier, dark flew and the remaining
sandstone surface in front- of it* The hammer
rests on the later flow, above the sandstone 
and in front of the earlier flew.

Probable Sistance from Source 
Close to a source of volcanic eruptions, which we may 

suppose for purposes of discussion were more or less evenly 
spaced in time, a vertical column would include all or nearly 
all the flows tnat had been extravasated. Some erupt;ions may 
have been greater than others ana would have flowed farther
from the source, a certain number reaching to the outer
portion of the lava field. Farther from the source, a vertical 
column at a given point would include those flews which had 
flowed to the edge of the lava field or to some distance farther 
from the source than the given point, and would not include those 
flows which had flowed a shorter distance. The average time 
interval between flows in the column near the source would be 
less than that in the column farther away.

If there were interflow periods near the source sufficiently 
long to permit sedimentation, erosion, or soil formation to take

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



49

place, surely at a more remote point, not reached, by all the 
flows, the chances for sedimentation, erosion, or soil for­
mation would be even greater. If 10 successive flows fell 
short of this remote point there would be 11 times as long an 
interflow period as at a point inundated by all flows.

A point near the edge of the lava field or plateau would 
have been attained only by the greatest of the flows, many 
having fallen short. Here one might expect extensive soil 
horizons, sediments laid down in ephemeral lakes, or evidence 
of erosion between flows.

The proposition is rudely analagous to the matter of inter- 
glacial soils, studied by Kay, Leighton, McClintook. and others.

Before applying this line of reasoning to the Duluth flows,
"fee* 1 . if*!L G Vt 0̂ G X1 i  OCl3 i n

the section studied.
1. Upwards of 2 0 0 successive flows occur.
2. At not a single contact could an interflow soil zone

£* ■? /-3 o>v\4- 4 *fM a A

3. No case of extensive interflow erosion was recognized.
4. The thickness ratio of interflow sediments to flews is 

as 1 to 75 or 100. (It is possible that some of the interflcvy 
clastic material is of pyrociastic origin. If so, the ratio 
given may be too high as an indicator 01 interflow time). The 
majority of the sediments are very thin.

5. Including arkcse stringers in the tops of flows, there 
is one interflow sediment for every six or seven flows.

6. The sediments are mainly of the mineralogic composition 
and texture that one might expect to be derived from basalts 
with low relief, not quartz sands such as might be washed in

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



50

frcm quartzose rooks outside the lava plateau.
7. A good many of the flows appear to 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 appear to have "frozen" while still 
urging forward.

Having in mind a plateau comparable in size to the Snake 
River Plain in Idaho, it is concluded that the flows along 
the section studied occupied a position neither near the outer 
margin of the lava plateau nor close to the fissures from 
which the lavas cams, but rather in a more or less intermediate 
position.

T  m  . vs «  a  4 U  .a  w . < — V» 4* •>» a  ^  V 1  x r  a  v * * ',  - i  v» 4* •Aid ouuu ct yuoduiuu v u q A^aowacvwi.; v **
1. Little or no soil formation because of the inadequacy of 

time between flows.
3. Minor erosion partly because of the maintenance of a 

condition of lcv» relief by outpourings of highly fluid basalts.
3. A moderate quantity and number of thin inter-flov? arkosic 

sediments of fine textnre, and some amygdaloidal conglomerate.
4. An interlarding of fluid flows with a few viscous ones.

The fluid flows may be thought of as extending beyond the point
_C* _  * u  —  4 .  J _____ ______ __ ______d — ^ 4 ?  4> 1 * St .  n -» X

' J i  b ' U D v i '  V  c l  U l U i i ;  O V J U i O  A  H C L k ' ©  J .  i i ^ .  <J l i 'C J  O V 4  W?JL V i i C  J U C V V C V  i4 J h . a .  w  —

eau, while the viscous ones were reaching the limit of their 
ability to urge forward. This limit was actually reached, at the 
line of the section, by the flew illustrated in Fig. 23,
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Dikes as Possible Feeders 
Thera might well be a tendency to consider the possibility 

that the numerous basaltic dikes in the Duluth area represent 
feeders to flows higher up. They are not so regarded by the 
writer, for the following reasons.

1. The "family resemblance” between all the dikes in all 
respects is of the order of "identical twins*. Color, structure, 
mineralogy, texture, gradation of grain, etc., are monotonously 
the same in all. This sameness does not harmonize with the 
observed differences in flews.

3. Phenoorvsts are characteristically absent, while many 
flows have phenocrysts,

3. .No evidence of vesiculation was noted in any dike.
4. Hot magma issuing through narrow fissures in quantities 

sufficient to form thick, extensive flows might reasonably be 
expected to bring the temperature of the wall rocks up to a 
point such that chilled, dense to glassy borders would not be 
formed.

5. Such hot magma in passing upward through rhyolite might 
be looked for to effect seme solution of or reaction with the 
host rock. Nothing like this was seen in the several dikes 
cutting rhyolite.

6. Chilled dikes cut the Duluth g&obro and diabase sills, 
which suggests a late age, possibly, though not certainly, 
after flow-accumulaticn was completed.

7. Ho dikes passing into flows were seen. This is negative 
evidence, of course, but coupled with the fact that the dikes
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do not show the variation seen in flows and show no vesicu- 
lation, it is worth mentioning.

8. There is no crystal orientation suggesting flow structure.
9. The principal trend of the dikes is at a fairly high 

angle to the axis of the structural basin in which accumulating 
evidence indicates the fissures oocurred,

10. hone of the dikes show any fracturing or breqciation 
such as might result from resurgence of volcanic activity 
along an established fissure.

The dikes apt?ear to have been injected into scoldn recks, 
probably at a depth of the order cf a mile or more, into 
preexisting craoks, suddenly, and in a completely liquid con­
dition, witu enough force to crowd tne n'ens apart to Term uakes 
30 feet thick; Each dike apoears to represent a single charge 
os liquid magma whrcn cooreb s.ncL crystallised in sstu. ins 
episode of dike intrusion was probably associated with the 
slumping of the Lake Superior basin.
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The Lake Superior Geosyncline 
Hotchkiss* has advanced a hypothesis for the origin cf

* Hotchkiss, W.O., The Lake Superior geosyncline: Geoi. 
Soc. America Bull., vol. 34, pp. 5SS-678, 1223.

the Lake Superior geosynoline which "relates the origin cf the 
various formations and their present structure to the int-rusio 
of an enormous bathylith, whose final result is evident to us 
in the scores of thousands of cubic miles of Keweenawan lavas 
and intrusive3. The gradual foundering of the roof of this 
hathylith is believed to offer the most plausible explanation 
of the origin of the present structure.”

On the Michigan side of the basin there is evidence to 
show that the flows came from a northerly direction. Tanton*

* Tantcn, T. L., Shore of Lake Superior between Bert Arthur ̂ v*iS ♦ Css'naHs -f*•*. “i C"] C v* t TPv Wki , w j( •» vuuiildA v X-\J JL L.* hi s, fi* .
P« 3e, 1320.

Fort William and Pert Arthur and Thunder Cape map areas, 
Thunder Bav district, Ontario: Canada Geol. Survey Mem. 167, 
p. 64, 1931.

finds evidence on the north shore of Lake Superior in Ontario 
that the flows came from the south. In the Duluth area the 
flows came from the ea3t and a little south of east (see p.43) 
Thus there is evidence to indicate that the axis of the Lake 
Superior geosyncline was the axis of Keweenawan fissure 
eruption.

Hotchkiss refers (p. S7i) to the fanning of the dips in 
the Kevresnawan cf the south shore. The flows at the south are
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practically everywhere steeper than these on the north. In the 
Duluth area there is a similar fanning of dips, the lever beds 
having steeper dips than those etratigraphically higher.

This fanning of dips fits in with the picture of a lava 
plateau over which basaltic flows are poured in large quan­
tities. An essentially level surface is maintained by continued 
sinking as the flows are extravasated, The earliest flows have 
partaken of all the sinking; the latest flows have sunk the least. 
The thickness of flows would be least near the edge, greatest 
near the center or axis cf depression. Hotchkiss Cp. 577 ) 

writes, "During the time cf extrusion there was a slow 
progressive sinking of the range which nearly kept pace with 
the thickness of the extruded flows, This sinking was urobablv 
one of the chief causes cf the continuance of extrusion- the

n-j[ "i Ŷ fc 0 y n I T ; S  $ d?VO2? S-TiCl SCiISOOSCL "tllS  mELQ.V13, ^
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Geologic History Interpreted 
from Cross Section 

The following sequence of events is recognized (refer to 
Plate 3)s

-• Erosion of the Carlton Slate, followed by deposition_qf 
basal quartz sandstone. This represents a great unconformity,

2. Basalt flovfs were extruded over this sandstone. The 
character of the surface on which the first basalt was laid 
down is not known. The first basalt, seen in direct contact 
with the underlying sandstone in section 30, Plate 3. shows 
no particular evidence of having been laid down in water. It 
is a massive flow much like other higher flows known not to 
have been deposited in water. There is some evidence of accumui-
o  ^  f* 1 a  3 "h n yy* a  c  o  *h 'V S  -3 ̂  a .^ r r io  q -? +>^0 3 3. X* 1.  V”

under the gabbro but the amount is subordinate. In the column 
as a whole, there appear to have been frequent interflow per­
iods of short duration; none long enough for soil horizons to 
form.

3. The Duluth gabbro was intruded after the accumulation of 
a certain number cf flows. How many flews had been poured out 
before the gabbro was intruded is not known; probably a fairly 
great thickness, for the gabbro is a plutonic reck type and it
nnpfl ■nrh'fc S -3 3121  ̂  ̂ICSXy illX3.il it-S 32HC-1. 3,0 3U13 Till CCIXlcL hsVS CCCUl'r̂ d

at a depth of less than some thousands of feet.
4. A series of diabase sills was intruded at some time be­

fore, during, or after the intrusion of the gabbro, iust when 
is not known. Possibly they are more or less contemporaneous.
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5. More lava flows may have accumulated after the gac’oro 
and sill intrusions,

6, There was a 'progressive settling ox the Lake Superior 
basin as the flows accumulated. Just when this settling began 
is not known. Possibly it began before a very great thickness 
of flows had accumulated and continued, until the close of 
Xeweenawan time.

A series of basaltic dikes was Intruded after the em­
placement of the gabbro and sills, and possibly after addition­
al flows had accumulated- It has been pointed out that these 
dikes have chilled borders and generally dense texture, except 
the centers of dikes over 10 or 1-5 feet thick, in whatever 
rooks they intrude. This means that they were injected not only

— 4. X.TX,* 4 *T n ^  ’— .4 . .   - i -  . a .-----------------
o m y ^ a U v u c u u  v x  ux x o g a v u x u  cnx\x  u u u  a x  u c x

masses had become completely crystallised and cooled to a suf­
ficient degree to effect the chilling. The dikes, therefore 
may be of rather late Keweenawan time.

It would be interesting to make radioactive time determin­
ations on three different samples, one of the earliest flows, 
one of the gabbro or the sills, or both, and one of the dikes, 
3?here is surely a considerable lapse cf time between the ear­
liest flows and the chilled dikes cutting the gabbro.

A - p  a . t *  — "i « * —• -5* a . v  T T - , —   -------T 4 J - a _ i - *    .  _*t
w  X  U U O  X I  X D V U i )  V X  Kt Ak-tp G- C? XXC1TT d i d  X X U t a X O  V c L U  u c  ^ Q 3 , I T I 1 < 5 U .

in northeastern Minnesota, for the top of the section is not 
exposed.

Duration of Heweenawan Time 
Van Hise and Leith* have expressed the opinion that "the

* Van Hise, C#B., ana Leith, C.K., The geology of the Lake 
Superior Region: U.S.Geol. Survey Monograph 53, p.430, 1911
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Keweetiawan probably required as long a time for its formation 
as the average geologic period, such as the Silurian, Devonian, 
and Carboniferous, and it may have been as long as the Cambrian, 

What portion of Keweenawan time was occupied with the dep­
osition of the rooks studied at Duluth is not known. Any con­
clusions presented here refer only to the section studied. If 
includes probably 350 flows with about 35 interflow sediments 
(including clastic dikes in flow tops, not passing into con­
tinuous sand layers). It is considered too speculative to as­
sume anv definite value for the average inter—flow periods 
Depending on various factors, basalt flow surfaces may remain 
fresh for a long or a short time* In Idaho there occur flows 
which preserve almost their original freshness after at least 
400 years and possibly as much as 1GCG years.* ?robably after

*" v)rearns. M, x« » u r ^  **u^onc,* ~ ~ * - o *,

Idaho: Idaho Bur. Mines and Geol., Bulletin 15, p. 21, 1328.

several thousand years more they will still remain somewhat 
fresh. The climate, of course, is arid.

If the Zeweenawan period endured for 50,000,000 years, it 
seems likely that the deposition of the Duluth flows may have 
required but a fraction of this time, for the picture is one 
of rather rapid accumulation of flows. That portion of the 
period occupied with erosion and the deposition of conglomer­
ates and sandstones of later Keweenawan may have been cf long 
duration.
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Differentiation.

In contemplating a thick series cf flews such as occurs 
at Duluth it is only natural to wonder if there is any 
evidence of progressive or rhythmic changes in the composition 
of the lavas from bottom to top of the section.

From a study of the tabulation of flows presented on 
pages 5-10 the following groups are recognised, from bottom 
Cl) to top (7):

7. Ophites
6. Ophites and melaphyres 
o * -elapnyres Ctnm i row's, xeluspafhi-c}
4. ilelaphyres with ophites ana porphyrites

3, Acid flows with melar-h^res and. uomhvrites
1. Melaphyres and porphyrites

Certain factors tend to obscure the relation of any observed 
flow sequence to processes of differentiation within the 
earth1s crust. For instance, at a given place, only those 
flows are seen which extended that far from the source. These 
faotors have been discussed by Broderick.* Regarding the flow-

* Broderick, T.M., Differentiation of lavas cf the Michigan 
Keweenawan! Geol. Soc. America Bull., vol. 46, p. 553, 1S35.

c o 'iQ ^ ^V3 \Y3 'i"ULS*3 SrCLCl "*0 C "O 3 ClI i XI ̂  i'cX-Ct/Ĝw

the fact that little is known at present of the details of 
chemical ana mineralogical composition of the various flow 
types. Possibly when the composition of the flows is worked out 
in detail and when more is known about differentiation within
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the earth's crust, the observed flow cycles may be related to 
processes of differentiation.

A detailed study of this type was made by Fertnor*, who

* Fermor, L.L., On the basaltic lavas penetrated by the deep 
boring for coal at Ehusawal, Bombay Presidency! Records, Geol. 
Survey of India, vol. 58, pt. 3, pp. 93-340, 1935.

examined specimens of 37 successive flows penetrated by a 
borehole over 1300 feet deep in uecc&n traps. He indicates 
that the difference between 5 groups of flows can be explained 
on the hypothesis of differentiation within a quiescent magma, 
and refers the 5 groups to their relative positions within the 
magma reservoir. He writes (p. 237), ”According tc the hypothe­
sis adopted by the present writer, the oasaltic lavas of fis­
sure eruptions are derived either ultimately or directly from 
an infraplutonio shell of basaltic composition but eclogitic 
phase, release cf pressure over a sector of the earth!s crust 
permitting the passage of eclogite into liquid basalt with 
formation of an infra—Plutonic (?subcrustal) magma reservoir.w

”There appears to be no evidence whether eruption usually 
takes place at once from such an infra-plutcnic magma-reservcir 
either direct to the surface to fill an intermediate intercrust 
magma-reservoir, or whether there is usually a period of qui­
escence in the infra-plutonic reservoir before eruption, during 
which stratification of the magma might by differentiation 
result.M

Various students of the Keweenawan have referred, to the 
occurrence of acidic lavas associated with basalts. The ratio 
in the Duluth section is about 1 of felsite to 7 basalt, which
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resembles the ratio of red rock to gabbro in the intrusives 
at Pigeon Point and elsewhere.*

* Grout, P.P., personal communication

During periods of quiescence the rhyolites are supposed, 
to have differentiated from the basaltic magma. When extrusion 
began afresh, the character of the flows -would differ, more or 
less, from the preceding flews to correspond vrith the degree 
of differentiation that had taken place.*

* Hotchkiss, VT, C,, The Lake Superior geosyncline 5 Geol. Soc. 
America, Bull., vol. 34, p.677, 1S23.

If we regard the flows, the Duluth gaobro and sills, ana
the dL*id3S 3-3 311̂  3 w 3  ̂ w -a. w i u i . i m ,  xa vti vuo
same reservoir, the presistence of basaltic activity is in:— 
preserve, ^nrle m e  only oa^es ex dixiar>?iiwXutrcn tnaf can oe 
identified as such in the field took place in situ> in inde­
pendent chambers, such as the Duluth lopclith, and in sills, 
the correspondence between ratios of felsite to basalt in 
flows and red rock to gabbro (or diabase) in intrusives may 
be significant.

The question as to how differentiation fakes place arises, 
Fenner* has recently referred the curious phenomenon of re-

* Fenner, C.N., A view of magmatic differentiation** Jcur. 
Geol., vol. 45, pp. 161-163, 1337.

peated alternate outpourings of basalt and rhyolite with little 
or no intermediate magma, and the difficulty of reconciling it 
with crystal fractionation. He points cut that the two magmas
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are evidently closely related in some manner and are affected 
by the same eruptive forces, their successive outpourings 
following each other during a short igneous cycle, and some­
times are almost simultaneous, as though requiring the coexis­
tence of basaltic and rhyclitic liquids. He poses the question* 
Has the rhyolite been derived from the basalt? liow has this 
been accomplished without the production of intermediate 
magmas? What is the relative position of the two magmas in the 
crust, and by what disposition of outlets does each reach the 
surface without communication vrrtn toe other?

There does not seem to be any definite answer to these 
questions as yet. The alternation of rhyolite and oasalt in 
the Duluth flews is set on record here as an additional ex­
ample of a phenomenon which has engaged the attention of 
petrologists.

A careful study of Michigan flows by Broderick* shows a

* Broderick, T.d., Differentiation in lavas cf the Michigan 
Keweenawan5 Bull. Geol. Soc. America, vol. 4S, pp. 503-553,1935

certain flow sequence, but this dees not, according to him, fit 
into a consistent picture with any process of differentiation 
within the magma chamber.
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Abstract
1. A cross section across tbs eroded edges of dipping

Keweenawan strata was aieasured diagonal to the strike.
3. The sequence of strata was noted and the thickness

measured. Detailed maps are presented.
3s A tabulation of strata in stratigraohio order is

presented,, together with thicknesses.
4. A summary of thickness by rock types shows: basic

extrusives, 16,S03 feet; acid extrusives, 3,640 feet; inter­
flow fragmental rocks, 36^ feet; basal sandstone, 50 feet; 
Duluth gabbro, 14,500 feet; diabase sills, 4,097 feet. The
4- o l  V* 4 /o o o  w d o a m t / 3 / 4  4 Q *X£ A. ̂  n o  >4 ^ o t *V W VUrf* Sf M i  iUVVlrU «.*! m  W/V* A W W  | AW • A W V V ( W W* W W W  A«W * «w £

the section to the topmost exposed Keweenawan along the line 
cf traverse.

5. Possible errors exaggerating the thickness are dis­
cussed, and it is concluded that the thickness given is cf 
the right order of magnitude.

6. Criteria for distinguishing between successive flows 
are discussed.

7. The Keweenawan formations are described.
3. Amvgdaloids are discussed. The amygdular fillings are 

regarded as deposited from thermal waters. The order of para- 
g«ij.«SlS iS S’tcioSu.*

S. The "plateau type" character of the flows is pointed 
out, and Washington's statement of the characteristics of 
plateau basalts is presented.
10. The direction from which the lavas came is determined 

by various criteria, and the present axis of the Lake Superior
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"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.
12. The many dikes in the Duluth area are not regarded 

as feeders for flows higher up. They are regarded as com­
paratively late episodes in the Keweenawaiii
13. Hotchkiss' hypothesis for the origin of the Lake 

Superior basin is discussed in the light of new evidence, 
which supports it.
14. The sequence of events from Huronian to late keweenawan 

time is stated:
A- Erosion of Carlton slats and deposition cf basal sandstone. 
B. Extrusion of basalts.
n n..-!v, uoxwi; ui ̂ uxuvu gauuxw«
D. Intrusion of diabase sills (possibly near time cf gabbro).
E. Possibly more flows extruded after C and D.
F. Settling cf lake Superior basin during extrusion of flovfs.

, -k.il Urusion of ucis s.1"tic cL1k 83«
15. TShile the duration cf keweenawan time may have been as 

long as 50,000,000 years that portion occupied with the extrusion 
of the Duluth flows is regarded as but a fraction of this period.
16. The flow sequence by groups of flows is stated, ana. 

sub— crustal aiffsrcntiat ion is aiscussed. The alternate out­
pourings of basalt and rhyolite are discussed, and reference is 
made to the persistence of basaltic igneous activity in the 
Duluth rocks. No conclusions as to the relation cf the observed 
flow sequence to sub-crustal differentiation can be drawn at 
present.
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