
GEOlOGICAL STORY OF ISLE ROYALE 

Fra.nklin C. Potter 



Picture Title 

ASY111T'TI.IC · L RIDGLS .ITH GF.NTLE D~ SLOPE AND ST..':EP 
ESCARPMEfiT 

GUCHL GRGOVES liND STRIAE ON SCOVIllE POnlT 

ROCHE. MOUTONEE (ISIA.t.JD) I N LNTRAUCE TO CHIPPE: ~A HARBOR 

l.fQNUUEN'l ROCK 

PALISADES ON THE NORTH'tJEST Snar£E NEAR .BU.KES POINT 

GROTTO AND STACK ON RASPBERRY ISU.lf.O 

SEA-G VE 

SUSY'S CAVE 

TERltACE LEVELS ~UGGES ING MARllIE P I..!.UA'fION 

SHINGlE BE CH B :.DERING liOCK HAP.oon 

• 

Page 

4 

7 

9 

10 

13 

40 

42 

43 

45 

47 

NOTe: The pictures listed above are to accompany the nkLnuscript . 
However, the pictures are not availo.ble a.t this time but will be 
forwarded as soon as possible after the park opens next spring. 

~s sh t , listing f.ictul'e titl 5 and P' ge number of 
picture, i s beit~ inCll1ded v;ith e..'l ch cO'py of the r.:anuscript to 
account for pt·ge numbers that YJould othcr;'lise appear to be I.alissing . 



TABLE OF CC ·NTS 

Int roduction 
Physiography 

Uajor Features 
Dip of the Rocke 
Glacial Scouring 
Higher Lake Levels 
Stream Adjustments 
Parallel Ridges and Va.ueys 

Geologie History 
Geologic Processes 
Lake Superior Basin 
Geolo gi e Eras 

Earliest Geologic Time 
Laurentian Uevolution 
Algoman Revolution 

Proterozoic Era 
K cona; an Period 

Keweenawan Lava-Flows 
Reversal of the Dip 
Intrusion of the Batholith 
Size of the Batholith 
Faulting 
Horst 
Vesicular and Anwgdaloidal Rocks 

Paleozoic Era 
"esozoic and Cenozoic Eras 
The Ice ge 

Formation of Glaciers 
Multiple Glaciation 
Glacial Lake Duluth 

Shore Lines 
ave-Cut Terrace 

Sea- Cliffs 
Stacks 
Monument Rock 
Sea- Caves 
Bea.Ches 
No Sand Beaches 
Limited Delta Formation 

Copper Deposits . 
Source of Copper 
Copper Deposits 

Conglomerate Deposits - Lodes 
Ar~gda.loidal Depos! ts 
Vein Deposits 

Page 
1 
2 
2 
3 
5 
a 

11 
12 
14 
14 
15 
16 
18 
19 
20 
21 
21. 
22 
23 
24-
26 
28 
28 
29 
29 
32 
32 
32 
33 
34 
34 
35 
35 ,8 
38 
41 
44 
46 
48 
48 
49 
50 
50 
51 
52 



Roeks 
Clastic Sedlments 
Sedimentary Rocks 

Conglonerates and Breccias 
Igneous Rocks 

Texture 
Kinds of Igneous Rocks 

Ophitcs 
Porphyri tea 
Uelaphyres 
Greenstone 
Am;yZdaloids 

Resume of the Keweenawan ftc cks 
Bibliography 
Geologic Time Chart 
Index of Geologic Tenus 

Pup;e 
53 
53 
54 
54 
55 
55 
56 
56 
56 
57 
57 
57 
58 
59 
00 
61 



ISLE ROYALE 

Introduction 

I ether this is your first visit to Isle l\oyale or your tenth .. you can­

not have failed to be impress d by its rugged bea.uty. But have you ever 

stopped to ask yours It Whence came this rugged island with its rocky chores 

and fringe of Il\l.IOOroU9 islands, its picturesque harbors, and many inland 

lakes? And why do tr..ose lakes and harbors all have Xbughly the same elonga­

ted pattern and extend parallel to each other between the ridges which also 

are parallel. to each other and to the length of the island? Have yoo. taken 

the trip to Lookout Icuise a."ld llondered about Monument Rock? As you hike 

along the ell marked traUs have you -ever speculated about the rocks beneath 

your feet, the ooth surface of the eloping bedrock, and in places the 

large aneular" boulders over which you must scramble? auld it surprise you 

to KnOl that these rocks once were hot, lnolten lava that. a.t a mch l.a.t r 

time ro com.~letely covered by glaciers? Have you taken a trip either by 

boat or on toot to the old Siskidt ,one mere Indians and later white) Ii en 

dug tor 'copper and hav yoa thought about the source of the copper? Or how 

those greenstones, for which sO mn.ny people arc searching, were formed'? 

The ana_er to these and many other such questions may be found in the 

faSCinating geologic story of Isle Royale which is primarily concerned ith 

two of the major processes that from time to time alter the face ot the earth, 

namely, igneous activity and glaciation . It is an old story, going back 

al.most to the b ginning of known geologic tim'! because here are tound some of 

the ancient rocks, estimated to be ll,llEt hundreds of' millions of ye ro old. 

And yet lYe also .find here evidence of the very recentlork of the glaciers, 

the last of which melted away from the Lake Superior region a more ten thousand 
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or so years ago . Let us eKLUnine a little more closely the record of events 

that led to the formation of this island as we see it today. 

PHYsIOGRAPHY 

Before delving into the geologic history of this area perhaps it would 

be well to become better acquainted ith the present day surface features ot 

this lnt,eresting wilderness area. 

Major Features 

Your map shows you that the o.x.l.S of Isle Royale and its associated 

islands trends bet'le~m North sf East and North (;JP East, giving the island a 

decided northeast-southwest alignment . And, it you approached the island 

trom the Uichlgan shore you probably discerned the .f.'r~nge of rocky islands 

/' paralleling the long dimension of the island, and then the aeries of ridges 

rising higher and higher inland. Two major ridges traverse the greater purt 

of the length of the island - Greenstone Ridge and Uinong Ridge . Should you 

care to hike the fifty mile length ot the island you would find that the 

trail, tor the most part., fol1o 'IS Greenstone Ridee, which might be called 
a 

the backbone of the island. It is/continuous ridge except for a few gaps , 

'Whereas some of the minor ridges are not cmtll'lUOUS for the length of the 

island. All, however, are paraUel to its longer axis and some 01' them are 

short, parallel ridges arranged in echelon. 'rhe explana.tion 01' this last 

an-angement .may lie in the cross faults (breaks in the roc!.;:s) hich are 

known to exist on the island and wbich a.re responsicle for the gaps in the 

ridges . The t 0 highest points on the island a.rc on Greenstone ridge: Ish­

peming Point near the center, and a higher, unnamed point nen." the south- • 

western end ot the island. Both of these points are slightly more than 700 

teet higher than Lake Superior and a. little more . than 1300 feet above sea level. 
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ong Ridgo, which 18 the second ridge o! importance, is located near the 

northwestern side of the island. lfumerous lower ridges, ;bich do not tra­

verse the length of the islnnd, exist wherever the rock layers are hard enough 

to resist erosion to e. greater degree than those on either side. Hiking along 

the troils you vill notice that the lower areas are mostly covered by forests, 

brush, or swamps, which effectually concea.l the bed rock, but higher on the 

ridges are large areas ot bod rock completely bare of soil and plant covering, 

other than the lichens. These lichens at many localities impart a grayish, 

blackish, or more rarely an orange color to the rocks. 

Dip of the Rocks 

As you sit down to res t or sun yourself on the rocks over looking Rock 

Harbor or on the outer side of one of the fringing islands, you should notice 

that the rock surfaces, for the most part, slope rather gently toward the 

southeast. But it you cl.imb these slopes northwestwa.rd to the top of the near­

est ridge you will notice that the land on the other side of the ridge falls 

away rather steeply to a vaUey or a bay below. Tl1is slope ot the rock layers 

is called the ttdip" 01 the rocks, and, as the rock layers aU. dip in one 

directicm (to the southeast) ' the ridges formed by these la.yers are said to be 

"monoclinalft (one slope). The direction in which the rocks outcrop (crop out 

at the surface) - at right angles to the dip - is referred to as the n strike" 

ot the roC!.ts. Hence, it is evident that the strike of the rocke is parallel 

to the long axis of the island; just as the ridges are txmoclinal and assym­

metrical in profile with a gentle dip slope to the southeast and a steep 

escarpment side to the northwoot; 00 the 10ngi,tud:ln3l. valleys or lowlands 

likewise are somewhat as~trical with their north'/est sl.opes conforming to 

the dip of the underlying, more resistant formations and their southeast sides 

abutting the esca.rp nt of the next ridge. 



Take the short and easy trail from ck Harbor to Tobin Harbor and notice 

the difterence in the grade of the slope on the southeast and northwest sides 

of the ridge . And now notice that Tobin Harbor ext nds parall 1 to Rock 

Harbor and its lovel¥ little islands lie in a line conforming to the strike ot 

the main island. Cross this beautiful harbor by row boat an<1 take the traU 

to lookout louise. Again nntice ho each ridge slopes up more or less gently 

to its crest, but once at the top the land falls steeply to the adja.cent 10 -

land. The end ot the trail on the highest ridge 1s Lookout Louise and per­

caiv that Duncan Bay below lies parallel to the other bays and to the strike 

ot the island. This, then, is the pattern of all of the lakes and bays of the 

isla.nd except tor a te , ouch s UcCargo Cove and the outer portion ot Chippewa 

Harbor . 

Glacial Scouring 

The formation of the bays was due to erosion of less resistant rock 

between the more ro istant layers, \'fllich now form the ridges. 'l"nis erosion 

s the result of stream action, glacial scouring, and post-glacial lake 

erosion. st of the bays undoubtedlT existed as va.lleys in pre-glaCial 

times since lake Superior probably did not exist before the Ice Age, but the 

lleys were enlarged and deepened by glacial. erosion. Od~ enough, the 

direction of the advance of the ice coincided rough13 with the strike of the 

island, so the direction of glacial scouring naturall.y followed and deepened 

the already exieting valleys . '!hat the ice advanc d .from slightly east of the 

strike of the island is attested to by the greater development of the bays on 

the northeastem end and south stem sid of the island. '!he great weight of 
... 

a glacier enables it to push along in front of itself the loose material that 

in lJX)st places overlies bedroCk. In addition, fragments of rock of all sizes 



are incorpor!'> ted into the base of the ice and as these Bollet fragments are 

rubbeet against the rock surface belo they ear it away by abrasion~ This pro­

cess is know aa "glacial scouring" .. 

'!he continental glaciers, which first appeared in this area bet1fcen one 

and two million years ago, completely covered the island and swept a 3.1' JOOst 

of the pre-glacial soil and rock mantle, thereb,y uncovering bedrock~ And since 

the last of the lee melted a l' only ten thousand or so years ago the has not 

been sufficient time for the formation ot another complete mantle ot soil, Con­

equently the present stooy sOil is thin and patchy and does not rupport a 

luxuriant vegetation. alldng across the osed bed rock you surely have 

observed that much ot it 1s smoothed and rounded, due undoubtedly to gl~ cial 

polishing. Ithough glacial striae (scratches) have been reported as being 

very abundant, most of those examined were rather faint and indistinct . Also, 

in some localities, minor joints coincide ruther close~ with the direction of 

the ic movement and it is possible that some of these have been mistaken for 

glacial scratches . (Glacial scratches or striae were made in the solid rock 

when unusually hard rock fragments were dragged along in the base of the ice. ) 

several 
However, it you have a good eye you may be able to observe/ex.ampJ.es of glacial 

grooves in the rocke 01 Scoville Point . Some smaller amount of polishing has 

been caused by water action in post-glacial time when the lake stood at higher 

elevations than it does today, but by far the greater amount was ccomplished 

by the huge ice masses . '!he fact that some of the well polished surfaces 

extend some distance bel ow the present lake level bears out this premise. 

fUrtherIJX)re, the rounded and smoothed surfaces are much more abundant on the 

parts of the island expos d to the direct ice action than on the sheltered side 

and end of the island, and the rocks on the.so sheltered positions tend to be 
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irregular and j agged as though due to ice plucking (the extraction of rock trag ... 

ments from the surrounding rock as . ter from daytime melting in the glacier 

would percolat to the base of the ice and refreeze the next night aro1ll¥l 

irregular rock projections which then could be trenched trom place the next. day 

as the glacier resum s movell¥'tnt) . In short, the bulk of the evidence sub-oo 

stantiates the theoI7 that these smooth and rounded rock surfaces (smoothed a.nd 
rounded on the side or ond from which the iCe advanced, but jagged or irregul~\ . 

\ 
\ 

on the lee side or end) were produced by glacial erosion and polishing. ~hen ~ 

viewed from the rounded side such rock mases resemble sheep somewhat, espocial.ly 

as sheep may appear in profile when huddling against a strong wind or storm. 

To geologists, therefore. such features are known as roch lXIOutonnees (sheep­

back roCks) . 

Higher Lake Levels 

As the ice melted and withdrew frOD\ the Great lckes region it lett a 

great bod3' ot tel', known as Glacial lake Duluth, the surface of 'latch stood 

at considerably higher elevation than does lake Superior today. At that 

time Isle oyalo as completely submerged. The evidence is only partially pre-

sent on the ieland, but on tho \,isconain... chigan and the lfinnesota-Gntario 

shores the highest beach lines are f ound to exceed the highest elevation of the 

island. Numerous beach termces exist on the island itself; they represent 

successively lowor stages between the highest level ot Glacial Lake Duluth 

and the level of Lake uper10r at the present time . special study of the 
1 1 

elevated beach line by Stanley mentions the Fort, Brady Beach in particular. 

Ltonument fiock; that in:posing rock stack on the trail to lookout Louise, was 

tol1.lled at the time of the formation of the Fort Brn.dy Beach and it 1s ona of 

its outstanding featul'E!s . Stanley lists the elevation of this old beach line 

s 
----- --- - - --- - --- ---- - - --- --- -- --
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702 feet (100 teet above the present la.ke) at S1..ldw1t Ba". and 752 reet 

(150 teet above lake level) nu.r Tobin Harbor. All or theae old strant Une. 

on the ieland and both abore. or the .ain1ancl are 10 r to the eouthweatwarti 

.4 higher to the north.-atwaN as indicative of the tUting or th r1..ii 10 

this region tha.t haa occurreci s1l100 tlw roru.tlon or the.e .ts-and lin.. an 

which apparently .till is c tinuing! Although ~ 01 th ra1884 b ~ac!l 0 on 

the 1slancl cumot be traced continuouaq, but are reprenntett onlJr bT i •• lat •• 

patch •• that are recognizable, the ev1.Qcmce is conclusive. Visitors to the 

island. during tb porada of Jl.ining activit!e reporte many re beach ter­

race location. than are rea.~ visible- at the preaont time, for durin, Idning 

explorat1one an activities ma.ny area. were burne to expos the rock .urtace, 

arul tberb7 such feature. aa terrace. were freed froll the concealing thicket. 

ud torests . Some of tho lower boach lev ls are d1stinotl;r visibl: by thoir 

regularit7 of elevation and b7 the pre.ence ot beaoh cobble. (rock particle. 

64 te 256 JI111i .. tere in diaaeter) or shingle (flatt.,. or tile-shaped. cob­

ble. or pebble.) a wU aa tonac •• , aoa o11fla, aea cave., 4 ataeke . 

STiEAH ADJUS~TS 

Sa.e TOU tried fi.hing for trout in. e of the streaas ef the leland? 

In general the stream courae. are te11l1necl by tb reck atru.cture, t r , as 

we have ama. observed, st 01 the valle,.._ are parallel t tho .trike ot 

the ielan4 they are leeated al~ng the waker to:na.a.t1 s which are aucb 

_re susceptible t •• %'Gal0 . Near the ends of tha 1,laIl4 the streaaa cont1n­

ue their coure s along thes v.Ueys to the bays or the open lake8; th •• 

located toward. tho center ha.ve found cr •• s vall81's, probab~ in most iDatances 

the results of cross rault", in Meking outlets. at of tho streams have 
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but alight graGi t.. although in a tfnl instances, such as the outlet • • t au-
ldw1t Lake &n4 Hatchat Lake, .-.pi", casca •• s. t. t e beauty of the 

It:re • Since the lakes occupy rock balina aooured b1 glaoial. eros1on, and 

since the soU covering ot th island ia negligible in quantit1 J there are 

very tew deltas being formed. Indeed the streams have deposited but very 

little sed.1ment 1n the 11 lake into which they flow. Geologically speak-

ing, la.kes are ver'1' short liv d. They t d to b obliterated by dra.ining a. 

the stre flowing trom th l.owr their outlet. or by b 1ng tilled in by 

secUment carried 1nto them by the :1ntloldng streau. In addition ~ 1haJ. ... 

10 lakes are being filled by the growth and acolQllUlatlon of plant tter 

which may be convert d 1nto pe t . This extinct! of the lak.. on Isl. Roy .... 

ale 18 being ettected .ore by plant growth than by the other two thode 

mentlonecl.. l~ ot tb smaller lake. al.readT hay. been c nverted into bogs 

by t 1 P ce s . 

Tb:u.a re bave a gener 1 pictu of the island. eo tp08ed inly o~ parallel 

ridge. and vaJ.leys traversing the long axis of the island in a northeast arb­

southwest rl;r directlon. nt.ae ridges are the outcropping edges .r resistant 

layers of igneou8 rock that slope to the southeast, whereas the valle,.s bave 

been wom from le88 resistant l.a18r&. Thi" rrangement has produced gentle 

slopes along tb south. stem shore both above and below the surface of Lake 

Superior ereas along the northwestem shoree clifte and esc ... rpaents rangmg 

tram a few teet to twenty feet r re rise abruptly from th water' s edge 

and deep water 1s countere close to shore . Th1s.ame profil is to be 

found 1n the valleys and in the bays which are but the xtrem1t1e 01 the 
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glacially deepened valley. that are low enough to b invaded by the watera 

f Lake superior. The 1aJ.and fringes on the outer borders f Sield.w.lt Bay, 

Rock Harbor, and Todd Harbor represent other aonoolinal ridges of resistant 

rock that bave be e along cross faults to t 1'111 th abal..lAtw gapa. And 

the rock reels CQIlt:i.nu1ng tor some di.tance fro ither nd of the islands are 

a:impq c t1nuat1ona of the rj.dg.. f the ~.l.and.. 

ause t this ttem t t pograpbT, pbJ'ai g1'6phen ve included Isle 

Roy: 1e in the Superier H.ighlands, an &rea chara.oter1zed. D7 altemating IIOno­

elinal ridge. and valley., ..-time. reforred to b7 earl1er geolog1ats as the 

sawt. .. tb Mountains" . The Superior Highlands 18 a sub-provinoe of the larpr 

physiographic prov1noe knftll as the Laurentian Shield, Archean Shield, or 

Pre-Cambrian Shield ot Korth rica. '1'h se naa.s aU refer to the age of 

the rocks that c po. the area. Most ot thia province 1s loe ted in &stem 

and nerthea8tem canada but a southwestern extension includes northeast m 

portions f the upper peninsula f Michigan, and n rth central 

lacOll.in. 

GEOWGIC HIS'lORt 

log1c Proce.8e. 

Just as tho row of Is10 yal give it so INch t its rugged beauty, 

.0 t d they give the ke7 to it. geol gic history. It 1s fro the detaU­

ad study of these rocka that the ge logi.t i& able to detem1n sQlD8thing.t 

their age and the eyenta that h ve given tb the characteristic t atures 

that we s e today. Bttcaue8 these are very ancient rocks, re than 1'1.,. hun ... 

dred mUllons (;00,000,000) of 7' rs old. it will be neceasary to go tar back 

in geologic h1ato17 to portra7 the event. responsible tor their form and pat-



tem as \OJe see th today even though these are fundamental processes that 

are constantly at rk to alter the face .t the. rth. This background w.1.ll 

give us a bettor underetandj,ng or the geologic histo17 as well a8 the ba.,1a 

or the geologic t.1ma chart which is the recrding ot events as they ocoU1"l'ed. 

That h1.to17 repeat. itselt 15 just.. true 01 geologic time as it 1& .r , 

recorded human happenings . From as far back as man can decipher the recoM, 

the surface of th earth ha b en subjected to 8enea ot By-ants that have 

been repeated over and everJ naael¥ tillea of mountain buUding when the 8~ 

taco of th earth has been el.-vated and sometimes cl'U1Ilpled and t lded into 

complex lIOunta1n ranges and 5yet __ , followed b7 long peri9<is ot eroslon 

which reduced the land to a _re or 185S flat and 1 v-l.ying eurtace. During 

these periods t ereslon. the mater1al~ as it vas transported away fro the 

higher areas, s carried to lowr elevations where it was deposited on f1 d 

plain. or in shallow seas to form nev lqera or roek. (Such recks that are 

texad by the c-.nting together feed rock particles s dlmente are called 

ulecl1mentary rocun ) . Often associated w:1th the periGd& t mountain buUding 

was igneous, or volcanic actlvity. (Igneous activity involve. the IDOV8118nt 

of hot I lten It d rock a1th zo b.low -weI' upon the surfate ~ tt the 

earth, d th18 tertal, 1!Iben CMled. cen.tltute. ft1gneowt recka lt ) . Igneeua 

actiVitY' and the resultant igneOWJ rocks p1q a major role in the .tory of 

Isle Royale. 

Lake SUperior Baain 

W1tlUn the Superiozo Htgbland8 ts ~he Lake SUperior Basin which in tum 

cootam. Isle Royale, 80 one necessar1l¥ _8t. examine the teature. of thi. 

region to underatand the bieto17 of the island. Indeed, auch of ita stor;y 



ba been detera1necl b7 ttud1es ot the adJac.nt sh res of Lake SUperior. ~ 

take Superi. r Basin 18 located in the glaoially gougtd-out trough of a large 

a1l1oline (do18l-toldec:l and dow-faulted area) of the earth' II surt oa. The 8~ 

lc1nd of rook are exposed on the 'ewenaw Peninsula of Hichigan and on the 

adjoizWlg Ihore ot Wisconsin as well as along the Minneaota-ontario ShON, 

and 111 the vicinity of Duluth and Superior the two sid., t this down-folded 

area are 80 cloae to each other that they can easily be compared. In tact, 

the end of th down-folded structure may be traced southwestward into Mlnne­

sota from the end of Lake Superior. 

Geoiog1o Eras 

With thea phy'aieal cha~ cteriatto. in Idnd let us tum to their geolog .. 

10al interpretation. In order to understand batt l' the tory of the formation 

of thia island, let us look for a ent at the time tabl as devised b,. geol­

ogists ae a frame of reterence (See Geologic Co11,llDZl). Aa you v1ll nott , 

there are 11ve iferaa" I eaoh of 'Which (except tor the Cenozoio) embrace. one 

hundreci ml] 1 ion of Tears or "'. bee eras wre established on the basa 

of great 1oterNpt1ona in the pbJ'eical history of tb earth; the aecuaula­

tioo or .ec:i.1aent s on the low II&rgina of the cont1n«lt. is internpted wb_ the 

lands are elevated, hence the "breaka" 1n the record of s d1mentat1on. '.lb';Y 

had tal"ooreaohing effects on the. plant and. aniaal lite due to change ot cUl!ate 

wit.h uplitt, restrict.ing the 81n of eballow .eae. the ere t10n of JaOuntaJ.n 

barriers, .t cetera. Each "era" wa,s tel'll1nated by great continental upl1tt, 

and aC>UDta1n.....ald.ng (called voluttone) which form th~ natural breaka 10 

geologic history. Each era is 1n tum d1v1ded into periods or geologic tme 
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SKETCH I 

LAKE SUPERIOR BASIN 
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marked by lesser cruetal JIOvem nts knoun as 'disturbance " , The eras and 

periods re listed in order fro the top down, fro youngest to oldest , 

Generally th column is rea.d rom the botto to the top, i . e . from oldest to 

young at as this represent th order of the rocks themselves as usua.ll.7 the 

)"omger layers were laid dolm. on th lder ones . 

stronors, PnTsicists, and ch sta gen rally agree with geologists 

that the ldest mOlal rocks re formed more than tw billions (2,000,000,000) 

of years ago. Estimates of the age of rocks are based on the rate of for.aa-

tion ot djaentaI7 rocks , the amomt of sodi m the seas .. thi sodiUll ha 

been leached from rock on land and caI'ried by treams to the sea, and espe-

cially by an evaluation of r dloactive e1 ents in certain igneous rocks . 

Throughout the sed1mentar,y rocks of the P leozoiC, Mesozoic, and Cenozoic 

eras fosslls (evidence of the presence, or actual remains of plants and ani­

ls ) may be found Which provide clues to the ge of th roeks and the con-

ditions under which they were f mad. Some fossils are a 0 t the equivalent 

t dates . During the rcheozoio and Proterozoio era, however, (which togeth­

er embrace three-fourths of known geologic time) only the ost primitive life 

existed and fosalla therefore are almost entirely lacking. Because of this 

and becaus of the complexity of events w1ch followed, 1 ss is know about 

• 
these ancient rocks than a.bout the younger one8. t, bi t by bit, geologists 

bave been ble to piece together aome of their story. It is with certain 'types 

t these anci t rocks that the sto17 ot Isl Royale is mainl¥ concerned. 

Earliest Geologic time 

Although the r ock exposed on Isle Royale are entirely ot Keweenawan age, 
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the activities of that one , 010810 period represent but a traction ot the 

pre-Oambrian history t th region and to undemand the geologic et0Z7 it i.e 

necessary to start with the begiDning or knollD ge logio time . Obv1ouel¥ the 

earlie t recorda are very inc pJ.et;e and somewhat contusing and th 1r int rpre­

tat! n has changed tl"Q1l1 time to time . Geologists ' earlier concepts t the old­

est ot these rock. was that they represent the crust that first solidified from 

the molten S8 that they thought was the earlier earth and they believed that 

below this crust the arth still was :tn a lten condition. But it ba. s:tnce 

been tound that the Laurentian granites (see geologic colum) wbile st111 in 

the molten .tate forced t heir way into. the sedimentary and igneous formation. 

of .8.tin ago . Hence the !teewatin seri8S _st hay been there betore the 

granitic intrusions ccurred. In briel ~ the oldest known rocke are aedillenta17 

and volcanic formations and it 1s not lmO'WD what kind of a tlcrust tt they CCUllU'" 

lated on. In tact, s geologists belleve that the rth never did pass 

thn»ugh a aolten stage and :It they are carreet the t rm florust .. 1& an inc.nect 

geolog1o term. However, the term is well established 1n geolog1cal llt rat1U'e 

d ueage, but ae now used it r.ters to the outer several 1l1l.. f the earth 

and it oertainly is not the original. crust , even it there ever was one. 

Laurentian volution 

Then first I.ewatin sed1JJ.ents, lava fio .. , and aehbeda re or1gin ll1' 

laid down in rather .flat layers but were later folded and uplifted dur1ng a 

great mountain building time (Laurentian Revoluti n) . ong w.l.th the upl1tt-

,.--. ing 0 tb se ancient ountains vast masses of molten rock, the present Lauren­

tien granite, are forced to rei the earth,' e urfac but mot t the mas. st pped 

a JIlile or re short .r that goal. Kolten rock that c 1. unci rground natural.ly 
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cools re .lov~ than th t which rises to the surtace one of the igneou8 

rock that. forma at th · depth ot a mile or more \Dlderground i granite . (The 

slow cooling sults in a characteristic coarse-grained texture). So when" r 

granite D W is f und at the surface it is evident that erosion must hay rn 

way a condderable thickness f overlying rock. Brietq then, the Laurentian 

granite intruded the "vatin series and it th refore is younger than they and 

the !ntrusi n t k place during a great uplift r llOuntain-bu11d1ng epoch. 

Following this mounta1.n-buUding epoch there courred a long period .1 

erosion lasting hundred .f aill.ions of Jean. lJuring this tim the Laurentian 

Mountains re .1.0"11' being 'WOm away and the eroded rock debris was deposited 

round about the lower lands to fora a new seri 8 t sedimentary ahale • • 

landst nes, 

r1.s . Only patches of these 8 d1mtmtari8. now remd.n and localll' they have 

been given different n 8 . 

As-.an Revolut 

Then there ag in occur~ in this re an epoch or tremendous upl1tt and 

mountain uilding with its ace ~ing intru. ions of lten matenal.. '.l'l'lU 

t1lle the granite intrt1<ied t ~ tho T1m1s1d.m1ng serl •• but &leo the lcler 

Laurentian and Keewatin rocks as 11. The naMa giv n to this 0 gerq ( un­

tain-buUding) and the a &ooi&t d granite are the Al80man Revolution and the 

19oman granite respectively. once again the long erosion cycle began, vea~ 

1ng away the untain. d depositing the sediments round about where they 

toned new sedimentary rocks. Of course these long period,u of time and the 

r cke that represent the happenings - even though impertect~ lm01l8'l - might be 
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describ d in much greater detail as to the area and trend of th 

the kind and nature f the sediment., the conditions under lIhich the;y ace 

lated, how thick they were, and what they now are like as a re ult of the dil­

terent uplltt.., t ldings, taulting., intrusions, and other mod1tying innuenoea 

t. which . they haye b en subjected. Sine these roclcs are n t found now on Isle 

Royale ita It - at least n t at the surface, although s • ot th must 11e 

buried here - this short. utline ldll auttice for our purpose • • 

Proterozoic Era 

P%'9cee ing to the next great era r geol gic time - the Px-.terozoic .. we 

must. examine the rec I'd in greater detail because the events of this era _re 

largely responsible fer the island as it exists toda;y. P.eterring to the chart. 

ce aore, you w1ll ... th t in Huronian time (which was naaea t: the area 

along the north m eh res f Lake Huron where r cks tomed during this ra 

first re studied) ss1 ... e beds ot sediment&r,y eks re fOl'Jll8d. 'lhase con­

sisted of bed. of aandstonee, llmestones, and shales several thousand feet 

thick which were laid dOlGl in a shallow sea that covered this area - perhaps 

an arm ot the sea which extended from the Buds n Bay area of toda7. Al ng 

with these sediments the st valuable of the iron ores of the Lake Superior 

region were being fOl"ll8a . During the JI1lUon. t ye ra that these sediments 

re accumulating it is ~lie"V1 d that a great mass of lten material was slow-

ly being ferced upward fro s unknown distance beneath the surface. Just 

lIh¥ it is thought that this was happening will be diseuss d a little later aa 

the evidence 1s reveal d. 

Keweenawan Period 

The enenawan period is characterized by a complex series or velwanic 

and sed1aenta17 rocks. Gre t cracks r r1fta opened in the surface of the 
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·art along the axle of the present Lake Superior. Lavas poured f th Be 

crackt 1ft what re called "fissure eruptione" . Tbese fissures or rifie differ 

froa volcanoes proper in that theyaar mend one hundred llilea, or even re, 

where s volcanoes are relativeq small openinga which are more or le •• circu­

lar, Altemating with the spread or laya, there occurred the accUIlulat10n t 

lay.ra ' r MIld, 01ay I and gl'Qvel that were carried nown the slope of the land 

by atreau and d pos1ted al ng the £1 plains or, perhaps, in shallAnr seaa. 

Tb1s .eriea .r lava flows , and associated sediBent8Wh1~~ have long since been 

ceaented to f, sedimentary rocks. carries the name tlKe_ena"anlt fro the 

type are - Miohigan I a Kewenaw Peninsula. Additional untain building, with 

its granitic intrusion, occurred near the end or this stage .r the earth ' . 

hiatory and this third great granite of the Lake SUperior region 1s known a. 

the Killarney granite. The deposition of the copper that ia found on Ial. 

Royale and the Michigan inland in these Keweenawan rocks occurred as a re­

sult of the igne us activity of the Killarney Revolution. 

. Because th ae ancient lewenaw Neice are the ClQes that y. u eee t day 808 

you walk about the island, let us interrupt the historical story long enough 

to examine them more eloseq and learn, 11' we oan, what pro~8ses oaused thea 

t dip (slope) to the southeast. Surely theY' were not originallg laid dow 

with as steep a dip sa they now possess, tor, just as is happening today. 

sediaenta are laid down in horizontal or very gentq dipping attitude • • 

I eenawan LaTa Flo .... 

The lewenawan laya n ivS and sedments have been careMly studied on 

the. Michigan inland where they dip (slope) nort.hwe6tward toward the long 
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axis of Lake SUperior. Thes lava flow8 and :intervening layers ot c~. 

send, and gravel were laic! down on the land surface as it then -.xi.ted and 

the earlie.t students of the region interpreted the rock. as having been 

fomed on a lend surtace sloping northwestward (although not 80 8teep~) as 

it does today. Later re critical studies reyealed the following facts. 

Some t the laTa flows in the Ironwood region preserve the record ot lava 

tlowing over mu.d surface and squeezing so ot the mud alon~ in front ot 

it a, the lava advance4 (and the lava was flowing fro. the north). The dip 

of the lava flows themselves tans out to the southward (modem lava flow in­

variably tan or spread out down the slape in the direction 1n which the lava 

is flowing). The thin1:rlng ot the ls: flows and the tanning f the dips to the 

southward indieat.s that the source of the lava was som.81Ilhere to tho northward. 

In that direction the depth. of the lake now conceal the probable source ot 

the lava. Supporting evidence in the Copper Range is fumished by the attitude 

(position) of gas bubble holes in the lava rocks which al 0 indicate that the 

slope of the land was to the southeastward. Some ot th layering in the sand­

stone and conglomerate that accumulated as sand and gray 1 during the quiet 

periods betweon the outpourings of lava likewise indicates that the ourrent. 

of water depositing thoae sed.1ments 11181'9 nowing down the slope - to the south-

eastward • . 
versal of the DiE 

During the preceding Huronian times when earlier lava flows and layere 

r-- of sediment were accUIlulating on the southeastward dipping slope, the higher 

~qd to the nortbwastward occupying the site of the present Lake Superior 

IilUst have been slow~ settling, tor the slope of tho earlier formation. was 
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being r verae<l fl"OlD. the southeast.ward to the northwestward. The continued 

outpourings of lava. howsyerj at least part1ally compensated f r the amount 

.r settling 80 that the land occupying the precent Lake Superior area contin­

u d to stand at> ve it. aurroWldings . Isle Royale 18 on the .pt ... ite eide of 

the Lake Superior Balin from the Keweenaw Penineula but ita story is the eame 

except that the elope there is and was reversed fr that of the Hiehigan .. 

\iiscoDain side. The rocks cOlI1poa1ng l'8le Royale now dip lOutheastward but 

they were laid <lewn on nort,hwestward 81 ping land surface. 

What caused the elevation in the area of the present Lake Superior Balin? 

Why <11d the earlier rocks settle dowwsrd near the center of the h1gher land 

anta? \Alene. came the lava.flcnfa? Why were the slopes later reversea? 

Intrusion of the BatboUth 

To account t r this sequence of eventa the long, slow riling during per­

haps all ot Huronian and Keweenawan time of a great _a8 of JQOlten rook which 

eventually cooled and •• 11d1l1ed without reaching the earth. a surface.. baa 

been pootulated. Such a _815 ha been named a "batholith". Batholitha (deep 

seated rock., huge _as of igneous rock without a know botto ) are known 

det.1n1te~ 1n 'V&r ioua parts of the world where erosion of the overq1ng rock 

h s uncovered the granites and granite-like rock. tha.t compose such $6$8. 

'!'he Sierra. Jnada. Hounta1n mass 1n cal1tomia and the copper impregnated hUl 

at Butte, Montana are but t examples. 

earth at unknotm depth. to liquety and 

What ca.uses great masses of the 

ve uriaceward 1s but one of the 

unanswered questions in geology. Humeroue explanat10ns have been offered 

but no one is generall1 accepted. Somehow or other greater heat 1s produced, 
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er the pressure or overlying rock, 1 partially released 50 that the hot rock 

tter at d pth can bee l1qu1d, and. it it has em opportunity t 

1d.ll e upward, Tho Pl"e.sure of the overlying rock v1ll force the liquid 

rock t rial upward - t places ot ater pres8ure to placea of lea. 

pre.sure, 

Size of the tholith 

The .1z of this poetulated rising .8 f gma. (liquid rock within the 

earth) can only be 8st:lmated. The geologiet
2 

who proposed the1heoZ7 pre­

sented 8at1mate. which are summarized below. The area of lava flows (8 

t this lten rock va forced to the art.h ' a surface) mends t 

polis t the end .t the Keweenaw Penineula .. a length e.xc.ed1ng thre hunc1red 

aUe.. Prom northwat to &out east the width of the area of n ... meast.res 

eight.y mUes. In oth r ros , the lava .flows covered an area of t ty- tOlU' 

thouaand .quare .uee, U the average thickn.aa of the flows u toUr ltUea, 

the total aaount ot liquid &aterial that poure the earth occup1 .. 

96, 000 cubic mile.. And the unt of &u that c led. and sol1d1tied 

within the earth (the bathol1th) i. believed to have been much greater than 

the unt that reached the earth" aurface in the fora of lava flows . 

ille iOJ!4&tlon ot a bath lith is belie? d by ceologUt. alway. to co:1n­

c1de with ~unta1n buS 1 ding and the mounta1n building of the Keweenawan per-

loci hal b en n d the Kill mey Revolution . the formation of untaine i8 

beUeved by not to b caused by the b th lithio :intrusion but rather 

that the batholith 1. a result of the lIlOuntain buUding. Perhaps the up-

told1ng of portion of the earth" 8 .urtaoe releases the pressure undemeath 

.utt1cientl1 t. per.mit ~he hot rock ~~~lala to b~ • liquid ( at sUb-
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; 
stances, both rock and mineral, occupy more space in the liquid state than 

'When solid) . The molten material (ma~) eventually cools Rnd solidifies 

thereby contracting and allowing some settling of the earth above . This 

settling of th . earth plus the weight of solid rock above the magma, which 

undoubtedly was a uajor factor in squeezing out SOlOO of the magma to form. 

the surtace flows (and in 1 te Ke\ eena.wan time a. lens- shaped intrusive body 

Laccolith of the Duluth gabbro) I seems to have been the cause of the settling 

ot the earth to torm the syncline (the large down-folded area) which now con­

stitutes the southwestern portion of the Lake Superior Basin. The previousl,y 

high land area from the crest of hich the lava. flowed down the slope to the 

northwestward and to the southeastward thus was depressed so that the two sides 

of the former highland then sloped downward into a syncline . 

faulting 

Sometirll during this dommarping of the earth' s crust or shortly there­

after a great fault (a break in rocks along which IOOvcment occurs) developed 

in the Keweenaw Peninsula. The rock mass to the eastward • e eleva ted whereas 

those rocks which ere tUted to slant downward to the northwestward were 

lowered along the tault thereby younger sedimentary rocks from the stward 

were shoved over the end of the older coppeI-bearing .formations . A similar 

fault i8 believed to be loca.ted sOIl18l1here along the Uinnesota.-Qntario soore 

but it never has been .found. Perhaps this postulated fault was located out 

some distance from shore and rocks bordering it have been eroded aw~ except 

trom the lake bottom where they are rot available tor recognition or study. 

Horst 

Since lele Royale itselt projects above the outheastwa.rd. dipping flank 

ot the syncline w must seek for some explanation as to ~hy it projects above 

its surroundings .. Soundings in the lake reveal deep water between the island 
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and the Canadian ahore and it seems logical to suppose that a fault is respon­

sible tor the considerable difference in elevation - Isle hoyale versus the 

r-'-, rocks ot the bottom of the lake. (Two cross f aults also seem necessary to 

r-' I: 

account tor the ending of the island since it does not gradually bend down to 

the bottom of the lnke at each end. Other cross faults are known to exist on 

the island) . Areas bounded by faults along which they have been elevated above 

the surx-ounding region are known as "horstsn , and Isle Royale seenl5 to be such 

a mass. 

Vos3;cular and ilnwgdaloidal Rocks 

All lavas contain some gases and many lavas contain so moh that it has 

not entirely escaped before the lava 00010 and hardens . If the gas collects 

in bubbles, and if the bubbles still exist at the time of solidification, the 

bubble holes may be very noticeabl e in the resulting rock. These "vesicles" 

tend to be conoentrated in the upper portions of individual flDws and in same 

instances they are of value to the geologist in distinguishina one flow from 

another. Such vesicular lava. rocks oocur on both shores of the mainland and 

on Isle i1.oyale~ Later hot gaseous or liquid solutions, rising from below, 

or ground water, descending from the surface, otten deposit mdnerals which 

partially or completely till the vesicles or other openings that are encoun­

tered 10 rocks .. The filling material may be copper \'Ihi ch 'Will be dis cussed 

more 1'ully under another heading.; The rilled vesicles usuaJ.ly are referred 

to as "amygdulestl and alIG"gdaloidal r ocks are abUl'ldant in the Lake Superior 

region inCluding Isle Royale . Amygdaloid leland off the northwest shore of 
I J : T l' I I" 
Isle Royale is composed primarily of such rocks. 

PALEOZOIC ERA 

Returning now to the historical account let us see what took place in 

this region during the next great era of geologiC time. Early in the Paleozoic 
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era evidences of plant and animal life (faBeUs) begin to appear in abundance 

in the rocks of sedimentary origin in many areas and these serve as excellent 

markers or dates for the various l~ers , However, since onl¥ small patches 

of Paleozoic rocks are present in the Lake Superior region we may assume that 

they did not accumulate in great quantities, and that those tha.t once re 

present have since been mostly eroded away. Fro the study of surrounding 

areas geologists believe that t.ln'ough the various periods of the Paleozoic 

era. the Lake ~periar region for the JOOst part was a low-ly1n.g land ss. As 

such it was not being "om away mch for the rivers flowing on a 10 lying land 

have but little gradient (slope) and the clastic sedimentar.y load of a river 

varies directly with its velocity. Oocasionally downwarping was sufficient 

for the area, or parts of it, to be flooded by shallow extensions ot the sea 

such as Hudson Bay ot the present time and during such inundations ediments 

(iong since converted into rock) aCCUlmllated on the floors of the shallow seas . 

The SUurian period was such a time and isolated patches ot Silurian limestone 

over the Shield, which so far have escaped being entirely eroded away, bear 

testimol\V to the general submergence of t..'lat time . It is interesting to note 

that the Silurian sediments are limestone. Since no sand..- clay, nor gray 1 

deposits · ar known it is assumed that nowhere nearby was there high land because 

if that had baen, rivers would have caITied sand, gravel and clay to the near­

by seas . The l.iJnestones contain numerous coral reef' remains . Since reet­

building corals today live only in tropiCQ.l seas we are f'aced ith the neces­

sity at deciding between two possibilities; either that Silurian time was 

tropical or semi- tropical this far north, or that reef-building corals at that 

time could live in cooler waters . At an;y rate it was a shallow sea and the 

clear water was conducive to the growth of' such bottom-d: lling plants and 
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a.nin.als as the reef-building corals that today can live only in shallow, 

clean, warm. water . 

MESOZOIC AND CENOZOIC ERAS 

Through the 8sozoic and Cenozoic eras too this region is believed to 

have existed as a 10w-ly1ng land mass . gain there is no evidence of major 

uplifting ot this land area D.lld mither is there any indication of submergence 

'lith the resulting accumulation of sedil:Itentary rocks. The accumulation ot 

sediments with tossils of the organisms of the time did, however, occur farther 

to the estl';ard. In the Great Plains region of the northern United States and 

southem Canada. some Mesozoic fonnations that accumulated on land contain 

remains ot various reptiles including dinosaurs . inoo the dinosa.urs were cold 

blooded reptUes and many of them so large that they could not hibernate below 

the frost line, they certainly could not have survived the present winters ot 

the northem Grea.t Plains a.rea and we are forced t~ conclude that the l!esozoic 

era also was characterized by milder climates t han that of the present time . 

TUE ICE AGE 

FORMATluN OF GUCIERS 

ith the a.dvent ot the Pleistocene or Ice ge, however, this area was 

affected and th evidence 1s recent enough to be clearly deCipherable . For 

sone reason or other; such au uplift of the land area, cooling of the climate, 

or because of some combin~tion of events, more snow fell during the winters 

than melted during the summers so that en the flat lands of central Canada 

fmOW fields formed and grew in size. Atter a growth period, probably of 

thoueands of years, the masses became converted to ice in their 1.0 ior portions 

and the pressure ot the higher, central portions of the masses pushed the 

borders of the ice outward in all directions . '!'hese masses of moving ice, 

known as glaCiers or ice eheeta, moved. as long as they were pressed onward 



-
.r- 1'rom behind and above, and their front edges continued to advance as long as 

the torward movement exceeded the rate ot melting and evaporation. In the 

United States the glacial ice moved as fa r southward as the p resent location 

ot the Ohio 111 ver in the eastern portion of the country and west 0 f the 

ssisaippi River as far southward a.s the l41ssouri River. Of course smaller 

glaciers in the Rocky untains, Casca.de ountains, and Sierra Nevada ounte.ins 

existed farther southward because of the higher elevations, lower temperature , 

and heavier snowtall ~ 

MULTIPLE GUCIATIO 

All told there were four different major advances and retreats of the ice 

and the record ot the last I tho iscoasin Ice ~heet, is the easiost to read. 

For one thing, the evidence of its presence and activity is youngest and there­

tore less obliterated by weathering and erosion. Also tor areas that were 

covered by t 0 or more of the glac1ers, the last one to move over a region 

either destroyed the evidence of the e rlier tce sheets or covered the evidence 

with its own deposits of gravel, sand, and clay (glacial drift) . 

tie these enormous glaciers - similar ones occurred in Europe and Ant­

arctica ... were in axistence, the ocean levels mst have been lower than they 

now a.re because of the great amount of water that was withdrawn from them to 

form the ice masses on the lands . Glaciers existed also in many mountain 

are:;LS in l a rger size and greater numbers than are found at the present time. 

Competent authorities believe that if the great existing ice caps of Antar c­

tica and Greenland and the smaller mountain glaciers v/ere all melted, so nuch 

water would be liberated and find ito T.ay to the sea that the general ocean 

level would be raised opprox.i..mate~ one hundred feet. Also it is believed 

that the central. portions of the areas covered by the l' leistocene Ice Caps 
I 

should have been 10 ered (pressed cbwn) by the weight of the enormous masse 
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of ioe. The present Greenland Ice C~.p has been subjected to tests by sonic 

d.\'ioes which indicate a thickness in the center of more than one mile. If 

so, such areas should have risen again with the wasting away of the ice. In 

support of this reason1ng is the fa. ct that eastern Canada has been rising since 

the ice melted away and these areas still are 510 1y moving upward. Thus the 

tilting of the ba~1ns of Lake 1U.chigan and Lake Superior fits into the general 

geoloeic picture and seems to be quite understandable and proper . 

GLACIAL LAKE DULUTH 

As the last of tho glaciers m.elted away from this area, the great syncline 

OI~ downfolded area th :t had developed in this a.rea in earlier times, and which 

was further deepened by the erosion of the ice, was flooded with water and 

Glacial Lake Duluth came into being. However, because of the tremendous amount 

of water supplied by the melting iee and because of damming by the ice of the 

St .. Lawrence outlet, the early lAke was mch larger and stood a.t a much higher 

level than lake Superior does nOl'{. Indeed, Isle l"'oyale, was completely sub­

merged for quite some time nnd it was not until the lake level receded some­

what that the island 'WaS revealed. Even then it anerged s~ow4 and its growth 

can be traced by tha series of old shore linea that exist above the level of 

the present laka. Let us see by v,hat geologie processes these old shore lines, 

and their associated features, were tor.med. 

snORE Lnms 

A beach normally is a. b&ttleground betw en the land and the mter . While 

wav erosion is wearing away the land along some shores, waves and currents 

my deposit the resulting sediment to build the land sea lard at some other 

locality. 
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WAVE-CUT TERRACE 

Once a lake CO~9 into 6K.istence it begin to codify its shoreline - the 

!"L'lce where land and t r me t . If the lake is large enough and exposed to 

the force of the wind, it will develop waveo and these constitute the m!l jor 

agent of erosion that a L~ke possesses . s the mves progress shoreward their 

bases drag on bottom and at the line l1bere storm vmves attack the bottom they 

cut a notch if a shallow, sloping bottom exists . This notch gradually is 

widened to form a wave-cut terra.ce or platform. '!he distance fro the shore 

to where the wave-cut terrace is started depends on tho degree of slope of the 

bottom and the height of the stor waves which extend below the water level 

as ell as above, just as all aves do. The cutting pOYlor of the waves is 

caused in part by the impact of the aves but most of their work on the bottom 

is a.ccomplished by rock tools . Silt, sand, gravel, cobbl.es, boulders, all. ot 

these are utilized, although only very powerful waves can move boulders . The 

.finer rock debris, especially silt and sand, is moved back and forth by the 

incoming waves and the retreating undertow so that even if the bottom be solid 

rock (as it is on the margins of Isle .. oyale), it literally is "sandpapered" 

to form the ..... ave-cut terrace. Very slowly, but steadily, the wave-cut terrae 

is widened landward and the cutting is especially rap~d during severe storlllS . 

SEA-CLIFFS 

Eventually the terrace may reach the shoreline although usu~ shorelines 

are migrating landward just as are the terraces although invariably at a ::;lower 

rat . If the terrace does reach the shore, the waves attack the shore unobstruced 

r--- by shallow water and in resistant rocks sea-cliffs are formed whioh extend below 

and above the level of the water . Gradually the sea- cliff in turn is cut landward 

by a combination of process s . The normal weathering of rocks by mechanical means 

such as f~ezing of ater in crevices and by the expa.nnion of growing tree roots 
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prying the rock apart, and the expansion and contraction of the outer rock as 

it alternatel¥ l:arms and cools slowly loosens pieces wr.i.ch readily fall from 

the steep (ofton vertica.l oraven overhanging) face of the sea-cliff. Chemical 

\~ea.thcring likellise aids in the loosening and altering of the rock by oxidation, 

carbonation, solution, etc. If only some of the minerCils composing the rock 

ure chomically altered, the disintegration of the rock proceeds nevcrlhele~s 

for as .I!:.!l~' nd..nerals alter chedcally they increase in vclUtle and pry the 

rer.ninder of the surrounding rock mass apart . Or J 1f these altered minerals 

dissolve or occupy less space they thereby provide space for air, water~ pl ant 

roots, end plo.nt acids to enter the rock more ea.sily and accomplish additional 

physical ~d chemical disruption. 

t.e aves themselves cut into the lower part of the aea-cllff chie.flJ by 

compressing the air in the cracks at the rocks as they collide with the rock 

wit,h a force ot many pounda - or oven tons - of pressure per square foot . Then 

as the ves recede the compressed air rushes from the cracks with much force 

and this action many times repeated can gradually loosen blocks which fall and 

th clift slowly migrates landvlard. If too much loose rock mater'ial falls from. 

the cliff and accumulates at its base, the force of the waves is broken by this 

rock bea.ch and the sea-cliff becomes less and less steep as the debris acculml­

lates at its base and ~ the upper portion of the cliff is losing material. 

But 1£ the waves can roll the smaller fallen p..1.rticles back and forth on the 

wave-cut rock terrace they gl'adually are worn smaJ.ler and finally are carried 
\ 

away. .H.lso sand and silt rubbed 1 gainst the fallen blocks of larger size will 

gradua.lly "tile" them. to smaller sizes until th 1'Iaves can move them in tum. 

So, if the waves can keep pace with the erosion of material from the face of 

the cliff by rem:>ving the fWlen nnterial as rapidly as it falls, the shore­

line will continue to move landward as a cliff . 
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S'fACKS 

As the wave-eut terrace and se..'l.- cliffs a re extended landward, areas of 

unusually resistant roek or are.:lS of rock wit.h very few joints (cracks or 

breaks) ill naturally be more resistcmt to being cut away by the wave action . 
and other agents of erosion. As the rocks on either side are r€J~oved the 

MOre resistant !MBS vlill project farther lakeward than the a.djoining shore-

line and form a peninsula on a miniaturG scale. In many instances erosion 

and wave action will util.i..ze cracks to cut in behind such ruasses thereby 

separating them from the shore so that they become islands . Sueh more or 

less steep~-sided islands rise above the wave-cut terrace as stack-like 

masses to which geologists h:1.ve applied the name Itstacirs" . An excellent 

ex.aI:'-ple 1s located ne r the southwest end of Raspberry Island in front ot the 

"Grotto" • The Grotto is just the reverse of a stack - along joints, the waves 

have eroded a recess or pocket tnto the shoreline . NumerouG other stacks 

exist in the islands fringing some of Isle Royale' s harbors and in places o,ff 

the shore of the main island. Not all of them are as com.rnnnding 1n appearance, 

however, as the one mentioned . 

150NUlENT ROCK 

Since, older, higher shorelines were formed on Isle I-oynle during the 

higher stages of Lake Superior \vith conditions similar to those now prevailing, 

it would seem reasonable to assume that stacks and other shore line Ieatures 

might be found at trigher elevn.tions along the old shore lines . One excellent 

example 1s Monument Rock on the Blake' s Pomt peninsula . This feature, almost 

one hundred feet in hei@lt, stands a few feet in front of a rather steep cliff 

and is a stack adjacent to a sea-cliff . Rough rock boulders at the base of 

the cliff represent fallen blocks that had not been worn away or rounded by 
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developed in the back of the former cave . The so-called natural bridee on 

~gdaloid Island was changed from a recess in the rock to a bridge as a result 

of mining excavations during one of the periods of mining on the island. 

Since Isle Royale in general is conposed of rocks rather resistant to 

erosion and since the lake has dropped to its present level very recently 

(geologically speaking not more than a few thousand of years ago) I there has 

not been time for much of a wave-cut terrace to be excavated at the present 

level nor enough rock debris to form extensive wave-built terraces . Som of 

the fringing islands, however, are relatively flat and coincide so much in 

elevation as to suggest that their surfaces were planed off by lake erosion 

during one of the higher stages of ~e Superior or Glacial Lake Duluth. 

BEACHES 

In general beadles are developed on~ at the heads of coves and bays and 

are composed largely of gravel and shingle . Shingle is the name applied to 

flattened dise-shaped (ra.ther than spheroidal) particles of rock of cobble 

size (larger than gravel and smaller than boulders) . Shingle beaches are 

common 1n many places along the present shores and also along so e of the 

higher abandoned shorelines . One of the best of the latter occurrences is 

located along the old shoreline trail leading from the Rock Harbor Lodse to 

Scoville Point . Th character of the material in each beach clearl¥ indicates 

its local origin (except for occasional erratics - boulders of rock not occur­

ring on the island, but brought l'rom elsewhere by the ice sheets) and in mat 

instances the source rock can be found ithin a distance of yards or rods . 

At many of the beaches where chlorastrolites (greenstones) are found, the 

greenish colored amfgdules are visible in the rock near and below the water*s 

edge where the erosion of the softer pa nt rock slowly is tree¢1ng more ot 
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,--- the amygdulee 'I'dlich are more resistant to erosion ami weathering. Or, it 

they a.re not being llberated a.t the place mere they are bei.ng .found, the 

source uaually can be loc:.ted near at hand and the aOIllina.nt wa'Ve and current 

aotion moves them when libemMd to the beach where they are tound. 'l'hiG J.o 

espeeial.ly evident at the greenstone beaches onSmith'f7ick Island and Caribou 

.~ Island, both of which fringe Rock lL'll"bor. Vany of the greenstone ~gdulel3 

that are observed still iQ the lnva. rocks are rather irregular in shape and 

when first liberated they retain their an~;uJ.ar shape . As a result or trans­

portation to the beach and aubsoCs-ucnt back and forth movement by the waves .. 

however, these grains and pebhl.$s become pro8ress1ve~ more l'ounded throu~ 
":'~' ., 

abrasion. The continued abrosion my -wear aw~ the. outer layers to reveal 

the mostdc-l:Ute m'!lridnga 'Which c.,lu!.raoterue these minerals and which Ltk"tkc them. 

attr;o.!lctivo. The sa.ns association of thompson1tos, agatee, and othor minelCllo 

on beaches at. or near the source of auppl¥ is ev1dent~ and theY' likeiJiso are 

progressively roundod and l'JOm to snoUer sizes t.hU8 revealing the ri.ngs and 

incl'lsions in soma of the aga.tes as well as the neYGs" in the thompsonites . 

Eventua.lly all ot tba50 semi-preeioUB gems are worn so fI.tDflll a.s to be value­

less and ~ere th£'y su!fic.iently abund4nt, at some future time thoro could be 

sand which loca,1l7 would be greonstone sand, agate sand. or thompson1te sand. 

}fO SAlm BEACHES 

True sand beac.'les have not been round on Isle ·oyala. App.'lrentlg there 

has not been time tor many reck fragments to be roduoed to sand size since t.he 

time of glaciation, and glaciation ot the island resulted in the removal ot 

pract1oeJ.ly all of the weathered and part.ial13 wea.thered rock debri" including 

sand, that existad there beforo the Ice Age. ,;;)and beaches event\lal.~ will 

form in many localities alone the scutheast shore ot Isle Royale and. its 

fringing 1el.ando tor it is in this s ct.itJn that sa.nd.etone 004 congl.omera.te 



rocks are most abundant . Also beaches of finer rock particles are more likely 

to form along that coast because of the predominant dip of the rock formations 

in that direction thereby facilitating stream transportation and wash in that 

direction. Other sands that will contribute eventually to beach formation 

originate from disintegration of some of the lava rocks that are composed. at 

mineral particles in the form of spherule.s or ovate particles that are of the 

size to be considered sand. As these roCks disintegrate such mineral parti­

cles are liberated to form sand. 

LIUITED DELTA FORMATION 

Delta formation which is so characteristic of many shorelines is practi­

cally non~perative on Isle Royale despite the fact that kiashington Creek has 

built a small delta in ashington Harbor. The paucity of streams, and the 

small size of those that do exist would militate against extensive delta build­

ing. Furthermore the removal of most of the pre-glacial mantle from the island 

by ice sheets has left but little rock waste for the streams to remove . In 

future geologic times the streams will have more available material, but at 

least little mll be carried to the lake and delta buUding will not be impor­

tant nor extensive . And as the rock slo fly disintegrates into soil the forest 

cover will build up, thus retarding erosion and, at the same time will add to 

the beauty ot the rugged island. 

COPPER DEPOSITS 

The copper deposits of Isle Royale are of the same type as those found 

on the mainland of Michigan, as is to be expected from the presentation of 

the geological structure and geological history of the area . Although his­

torical mining of copper on Isle Royale has been unpr fitable, the thousands 

of small pit mines testify to the success of the Indian miners, in fact, on 



the basis of activity they seem to have been more successful on the island 

than on the mainland - just the opposite ot the historical miners . 

Copper deposits vnzy in nature in different areas of the world and 

although there has been disagreement :in the past most of the present day 

\ 
l 

Ii 
specialists in mining geology agree on the general theory as to the formation 

of the Jlichigan copper'3 . Underlying the Keweenawan rocks along the I innesota 

shore is the Duluth gabbro of the intrusi va type of body, known as a lacco­

lith. Similar rocks are found in ¥isconsin and it is generally agreed that 
\ 

. 
\ 

these are outcrops of the same body v;hich EOCtends under the lake from one side 

of the Lake Superior synclinal basin to the other and actuallY the settling of 

the basin atter the outpouring of the -surface flows is believed to be a result 

of the intrusion of this Duluth gabbro. Some smaller intrusive bodies t!lat 

are located near the base of the Keweenawan series in the Keweena.w Peninsula 

of chigan probably are extensions of this same mass or were derived from the 

same mass underground that supplied the Duluth gabbro magrnato the laccolith 

under the basin in which the lake now is located. 

SOURCE OF COPPER 

In some copper-.-r1ch areas descending ground water dissolved copper from 

rocks near to the earth t s surface before carrying it to greater depths and 

redepositing it :in concentrated deposits t~at are rich enough for profitable 

mining. In the lake Superior region, hOifever, many of the lodes or deposits 

ar located below rather impervious rocks hich would have prevented aters 

from passing through thEm. This fact together with other evidence has sup-

ported the idea that the copper-bearing solutions must have been moving in the 

opposite direction, that is, up ~ard. Thus the Michigan copper deposits are 

ascribed to the theory of Rocendin origin, and the copper is regarded ao hav­

ing been rried upward by solutions emanating from the Duluth gabbro. That 
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great mass of molten magma worked its way upward until, for some reason or 

other, its general mo'Jement coosed. s the main mass stopped its upward move­

nwnt some gases or liquids were so highly- heated. that they continued to work 

their way surface"ard. . Perhaps they were squeez.ed out as the cooler parts of 

the magma began to crystallize and contract to form the gabbro rock_ At any 

rote certain solutions continued to ascend as is the case with pract.iC3.1ly 

aU magmatio bodies that stop their upward jourrIg' before reaching the earth's 

surrace. 

COPPER DEPOSITS 

Such solutions often carry certain mineral in much greater abundance than 

ls usual for those minerals . 'lhesa very hot solutions tend to be both under 

high pressure and highly mobUe al.though their success in penetration of over­

lying rocks neces5arily varies with the nature of the rock and th passageways 

that might or might not exist. The solutions either entered the lodes (the 

present areas of concentrated copper) directly (if the lodes extended as fa.r 

downward. as the Duluth ga?bro), or if faults or fissures existed sucb routes 

were utilized by the ascending solutions . For the formation of copper deposits 

on a commercial basis the presence of extensive routes or channels ot some type 

of big)! perlJlEl:ibUity was absolutely necessary so that the copper-bea.ring solu­

tions could rise from the magma below. Such permeable channCls in t.he Ke eena;wan 

rocks of the lake Superior region were of three types. 

C GlDMERATE DEPOSITS - LODES 

The layers ot conglomerate rocks were nmch more poulleable than the other 

sedimentary rocks or mst ot the igneous rocks. As the coppe:ro-carrying solu­

tions ;followed the conglolOOrote layers up\"Iard they gradually cooled end began 

depositing the minerals that they carried and in this manner the copper accumu­

lated in tho C-:lvitiee in the conglomerate that had previously provided the 



route of travel tor the solutions.. or in S01m instances I some of the conglom­

ar te pebbles ere dissolved by the solutions and copper was deposited in the 

spaces previously occupied by such pebbles . Orten, ho ever, copper was 

d posited in both situations ., ince the relatively pervious conglomerate \. 

beds, Uk oth r bedded rocks, are tabular (tablet-like in shape), the ore 

bodies (lodes) aSflociated with them are n cessarUy tabular in shape also. 

A GDALOIDAL DEPOSITS 

'the second type of permeable channel existed in the upper portions of 

thoa lava beds that were highly vesicular. Ihere the vesicles (gas bubble 

holes remnining from the liquid stage of the lava) were numerous enough and 

\ 

sufficiently ell coMeated they likewise provided excellent chann Is for the 

ascent of the copper-bearing solutions . The tops of some of those vesicular 
\ 

zones furthenoore are of a sha.ttered nature . $ the flows moved along e~n '\" 

atter the surface had cocled sufficiently to "crust over" a certain amount of 

breaJ.d.ng occurred to produce the conditions for t.he future breccia. nd it 

sediments were deposit d on the top of the vesicular flow some additional 

fracturing occurred. The net result of this a.ctivity was to produce a kind of 

m1.xture, long since converted to rock, known as scoriaceoos anurgdaloid, 

amygdaloidal conglomerate, or "ashbed". Since the rock fragIOOnts being laid 

do to form sedimentary layers were derived .rro~ the weathering of the same 

kind of rock farther up the regional slope, their incQrporation with tho local 

broken pieces of 1rre~lar top of the same kind of v sicular flow rock formed 

a sedimentary rock of r ather uniform character. This new sedimenter,y rock 

could be called a breccia if the pieces composing it 'tJere angular, or a con­

glomerate if they ere 1llOl'f: rounded in outline . The tenn I'ashbed" was appliod 

by thos earlier geologists in tho region who believed thnt volcanoes had blom 
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solid particles of rock into the air to f all to the ground and accumulate as 

fragments of volcanic bombs or as finer material culled volcanic ash. True 

ashbeds probably do not exist in the Keweenawan series . The copper and 

associated minerals, that were deposited by the ascending solutions in the 

scoriaceou6 amygdaloida and adjoining (overlying) breccias or conglomerates, 

were l1m1.ted somewhat to the vesicles but in the associated zones they like­

wise tend to fill the interstitial holos. The copper amwgdules (filling former 

vesicles) are r !EJlTed to as "shot copper" by the miners since the rounded 

copper particles do somewhat resemble shot , in outline and size., 

VEIN DEPOSITS 

Any fractures (breaks) or fissures (open passageways) in the rocks .. 

especia~ the larger and more continuous, likewise served as avenues of asc&nt 

for the solutions - particularly those passa.gellays that tere relatively free 

from gouge (clay-like material produced by pulverizing of rock along the frac­

ture during times of movemsnt) . These fissure deposits are !mown as veins and 

they fill, partially or completely, the fractures or fissures . They too are 

tabular in shape, but many of them are more continuous and they JlI.a.y cut through 

various formations rather than be confined to one formation as are the lodes" 

Some of the copper from the veins is known as "sheet cop .ern when it occurs 

in sheet-like bodies parallel to the walls of the vein. The distribution of 

the copper in the fissure veins is less regular and u..'liform than that in the 

lodes in the am.ygdaloid layers . In addition to the sheet copper there 1s a 

"stamp copperft that is scattered through the vein material in scall grains 

(these rOcks must be broken in the stamp mill to extract the copper), and 

irregular masses of almost pure copper ranging from a few pounds to many tons 
, . 

in 'Weight . In mines on the mainland several masses of copper estimated at 

nearly five hundred tons each have been encountered in fissure veins . 
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The patt rn of fractures and fissures therefore determines the pattern of 

the copper in the veins and from one locality to another both on the mainland 

and on Isle Royale the veins vary :in. thickness, continuity, pa.ttern, and deta.il. 

In practically all of the deposits, however, the copper 1s native (metallic, in 

almost pure state) and usually associated with small amounts ot native silver. 

ROCKS 

CLASTIC SEDIW::NTS 

The sedimentary rocks of Isle Royale are simple for the most part . To 

insure an understanding of these rocks an understanding ot the names (based on 

the size of the particle ) is neccssar.y . Perhaps the ba.sic sediment is sand, 

which by d finition is composed of any- rock or mineral particles measuring 1/16 

to 2 millimeters in diameter. A rock composed of ' cemented sand is, of course, 

kno In as a sandstone . Particles of rock or !!lJ.neral smaller in size than sand 

grains are known respect! vely as sUt and clay and the rocks composed of silt 

particles are named "siltstones"; consolidated clay forms the rock known as 

"shale" • 

boulder 
cobble 
pebble 
sand 
silt 
clay~ 

( 

- conglomerute or breccia 

- sandstone 
- siltstone 
- sha.le 

Particles hrger in ize than sand grains arc knoun as pebbles (gravel) I 

cobbles, and boulders; rocks composed of them are named "conglomerate" if the 

individual particles are more or less rounded. For those rocks fonned ot 

pebbles, cobbles, and/or boulders that are more angular than rounded the name 

ftbrecc1a" is applied. Sa.ndstones, shales, conglomerates, and breccias are the 

co;nmon sedim.entary rocks of Keweenawan age in northern l11cbigan . Sinc the 
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r- rock fragment com.posing them were derived from the weathering of the 

Keweenawan lava floYis the sediments possess numerous characteristics of the 

lava rocks ~emselves . The breccias and conglomerates in particular bear con­

siderable resemblance because many of the individual cobbles, boulders, end 

even pebbles are large enough in size to reveal the fact that they are frag­

ments of the lava rocks . 

SEDIMEUTlIRY CYJKS 

The sedimentar,y rocks listed are all of the clastic or fragmental variety, 

that 115, the weathered particles of previouB~ existing rocks were transported 

in essentiall.y their former condition as solid particles to new localities 

where they were deposited and cemented together to form new roCks . Undoubtedl1 

some of the streams flowing from this region carried dissolved minerals such as 

lime to the sea vmere the rock "limeetone" nas formed, but there is no record 

of such chemical sedimentar,y rocks being formed in the Lake Superior region dur­

ing Keweenawan time . The local rocks all have characteristics indicating that 

they were deposited largely, if not entire 13, under terrestrial conditions, 

that 1s, on the land rather than in the sea. Rivers carried rock particles 

which ere deposited on their flood plains or perhaps in low-lying basins . 

CCNGWUEl?ATES AND BHECClAS 

Some conglomerates were formed on the tops of Bcoriaceous flows and in 

such instances the t 0 formations ~Ay literally grade into each other. The 

irregulnr top of the now suffered a certain amount of fracturing during the 

final stages of its nlOyement and beginning mediately thereafter fragmt"ntal 

material from farther up the slope of the flow was carried by running water 

'Where streanw developed, to lOT/er stretches of the same flow . Thus trans­

ported pieces of scoriaceous lava were laid do n on the same kind of lava rock 
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still in place, therefore there a.re transitions from lava. ( igneous) rock 

upward into s~ntary conglomerate or breccia. In some ot these formations 

the individual particles are so small in size that they resemble volcanic dust 

or sh \~hich are rock particles of very tiny size tha.t re blown trom volcanoes 

in the solid state . Some of the early geologists therefore applied the term 

"ashbedtl to some of the rocks that are composed ot very fine rock particles 

cemented together . lthough it is entireq po.Jl3ible, even probable, that some 

solid llk1.t rial VIas blown from the fissures that ami tted the lava, and that 

flspatter cones" may have formed here and there along fiSSures, it now is believed 

that most ot the so-called flashbeds ll on Isle Royale are composed of weathered 

flow material that was transported by running water down the land surface and 

redeposited by that medium. 

IGNEOUS ROCKS 

The igneous rocks ot Isle Royale and the mainland sbores are mainly of the 

basaltic (basic) type although a few acidic layers do exist .. As nti one d 

earlier, these a.re believed to be fissure eruptives . Th number of individual 

flow8 is not known. then conslderable intervals of time elapsed between emp-

tiona 5 d1mentary beds accumulated, but when the flows occurred at frequent 

intervals there was no time for secli.rnents to form and accumulate 80 that the 

flows overlie one another With no intervening sediments . 

TEXTURE 

The texture of the lava rocks is the most useful charact ristic hen 

classification is attempted - at least in the field. where chemical analy318 

and microscopic determination 1s not feasible . The first and only thoroughlJ 

extensive study of the roCks of Isle Royale S ,made by A. C. Lane4,5 shortly 

before 1900 and he had also studied the rocks of the Keweenaw Peninsula and 
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~ was able to identify some of the beds as being conmon to both places ~ For 

convenience in recognizing and cla.ssifying some of the rocks in the field he 

proposed certain g~neral type5 l thich still are used to some extent. It must 

be understood, of course, t hut gradations occur between all of the different 

twas no matter what system of classification is used. It is to be hoped tha.t 

sometime in the future a geological exhibit dll be installed in the park or 

that aome of' the l"ocks will be labeled so tha.t visitors will be able to see 

the different kinds of rocks compared and contrasted in the visual form. 

Y.INDS OF IGNECUS OCKS 

O: lUl'::.S are lava. rocks whose texture is visible in the roughly circnl ar 

mottling produced by crystals of the ltJ.n.eral pyroxene that in these rocks 

surrounds and incloses the feldspar crystals . The inner portions of flows 

cooled and crystallized more slowly than the outer portions, therefore, nearer 

their centers the crystals are larger and the resulting mottled appearance 

(ophitic texture) is more evident, especiully in t he more feldspathic (leBs 

basic) tloYHh The IIlusier-mottled melaphyres" of some of the earlier invest1-

eators of the r gion are these G ophites or ophitic lavas . The n~re baeic 

flows have the ophitic texture more uniforIDl¥ developed and it tends to be 

.IOOre conspicuous even to the margins of the flows and in the very thin flows . 

From this it is evident that basic lavas cool more slowly thnn acidic ones 

thereby allowing more time for the crysta.ls of the various minerals to grow 

to larger sizes before the mass solidifies and crystal growth ceases . 

;;,..;;.;;.;.;..;;===- a.re rocks of ~dium rather t han high basic content, and they 

grade into rocks that may be described a s being of medium a.cidity. They con­

tain well de,fined crystals which usually are feldspar miner als and l::reer than 

the average crystals constituting the groundmass (the main mass) of the rock . 

Porphyritee are similar to granite but they contain less quartz. 
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MEUPHYRES are dark (blackish or clark greenish-black) colored rocks with 

no distinctive texture such as occurs in the ophitea and porphyrl te . Probably 

raost of the melaphyres of the earlier students of the region lould now be 

described as basalt porphyry, or some as basalt. (a porphyry is a rock containing 

some crystals distinctl,y larger than the average size of those comprising the 

m."lSS of the rock) . If the larger crystals (phenocrysts), are of the same mineral 

as the smaller crystals in the ground mass they vlill not be conspicuous, instead 

they will be deteoted only with difficulty. 

GREENSTONES .. Although this term. is very loosely used in the Lake Juperior 

region the fact, that the Greenstone Ridge is the highest and most outstanding 

of the ridges on Isle Royale and the fact that Lane designated the rock ccm-

posing it as gre nstone entitles it to special mention. In this instance the 

n e "greenstone" refers to a rock otherwise known as olivine basalt . Basalts 

are fine textured basio rocks and "olivine basalt" in addition contains con-

siderable amounts of the dark green to yellowish-green mineral knOlID a.s olivine. 

I"YGDALOIDS ~ The terms lta1l\Vgdaloid" and l1amygdaloidaln reter to the filled 

vesicles which characterize many of the flows or more especially their upper 

(and more rarely their lowor) zones . In a strict sense the vesicles are the gas 

bubble cavities or holes that formed in some or tho more fluid - especially 

the more basic - lavas ~ re ground water or ascending solutions have filled 

these vesicles the fillings are referred to as B1I\Ygdulos and tho rock may be 

termed an amygdaloid or an 8!I\Vgdaloidal lava, or amygda.loidal basalt . Thus the 

tul\Ygdaloidal rock shown on Lane's map as a strip along tho northwest side of :the 

island, and especiallr well developed on Amygdaloid Island is a formerly vesicular 

flo whose vesicles have long since been filled with ruiner-ala deposited in them. 
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SUME OF 'liIE mfEENA~;AN ROCKS 

In general the lov.er portion of the Keweenawan series on the mainland of 
• 

JJ.ichigan 15 a series of sedimentary rocks . 'l'hese grade up lard into an alter-

nating series of sediments and extrusive lava .1'10115 which in the middle of 

the series is primarily a succession of basic lava flows with very few inter-

vening sed.i.mentary layers . UpHLrd in the series the sedimentaries again become 

dominant representing a ti.mc when fe\'fer and fewer flows occurred at greater 

intervals. The upper portion of the series is entirely sedimentary. late in 

the period the d ep-seated magma that had supplied the rnk~terial for the erup­

tive £101'/8 from the fissures is believed to have provided additional magma. 

that squeezed between the basal layerS' of the Keweenawan series and the older 

Archean and Huronian rocks below to form the thick laccolith of the Duluth 

Gabbro . Tongues of this mass forced their m~ into the overlying Keweenawan 
f 

sediments and flows on the Michigan mai.nland to form the intrusive rocks that 

occur at intervals . lso hot solutions invaded the more pervious layers such 

as the conglomerates and vesicular flows and followed fracture zones to fill 

the vesicles with ntl\Ygdules and to introduce the copper and a.ssociated minerals 

that were concentrated to fOnl the lodes and veins ot economic value on the 

mainland of .M.ichigan and to a llm1 .. lied extent on Isle Royale. 
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INDEX. OF GEOlDGIC TErutS 

Defined especially in terms of their mea.ning in this presentation. 

ABRASION - mechanical wearing of rocks or rock particles . 

ACIDIC Fro m - a series of individual flows of lava, either the molten mass 

while flowing or the reoulting layer of lava rock; that are composed 

primarily ot acidic solutions or acidic minerals web as qua.rtz and 

feldspar . 

AGATE - a mneral composed of silicon dioxide (S102) otten in strata or 

bands 5.ndicating successive stages of deposit1C1'1 . The bands may be 

clouded or differently colored. 

AWOUAN (GE 'J:rl'!£ or REVOWTICN) - a place name for a. granite and a revolut ion 

that occurred at the close of the Archeozoic Era. 

GDULE (AJaGDALE) - the mineral matter f:i.lling fonner vesicles in some 

igneous rocks; tho amygdules usually are of different material and diff-er 

in color from the inclosing rock . 

ARCHEOZOIC or ARCHEAN ERA - ora of the oldest known rocks . Archeozoic means 

primitive or beginning 11fe. 

t"CENDING SOIDTIONS - gaseous or liquid solutions that are rising (ascending) 

toward the earth's surface. 

iSHBED - bods or layers of very tine dust blown from volcaneos as solid 

particles or the resulting rock formed from the cemented ash . 

IS - an imagina.ry line or plane bisecting a structure such as a syncline or 

an island. 

BASALT - a fine ... grained basic igneous rock of dark color eonposed primarily 

ot the minerals hornblende, pyroxene, and olivine . 
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BASIC LAVAS .. lavas either liquid or solidified that cont- in more ba.sic 

minerals, such as hornblende and pyroxene, than acidic ones .. 

BATHOLITH (DEPTH ROCK) - huge intrusive bodies of coarse grained (granite­

like) igneous rocks nth no known floor. 

BEACH - a deposit of wave-handled rock debris rising above the w~t r's edge. 

fiE eH TERRACE - an elevated or uplifted beach that is no longer loco. ted ~t 

. the watert sedge. 

BEDROCK - rock that i in place, in beds or yers, and is more or less solid. 

BOULDER ... clastic rock or miner fragments ~ hose diarooter exceeds 256 milli­

tel's . 

BRECCIA - clastic sedimentary rock composed of pebbles, cobbles, and/or 

boulders that are angular in outline . Simi lar to conglomerate except 

that the fragments composing the conglomerate are rounded in outline. 

CARBONATION - chemical weathering produced by union of carbon dioxide and 

certain m.ineralB . 

CLNO;"OIC ( C&NT UFE) - the fifth era of geologic time . 

ClllORASTRCUTE (GREEUSTONE) - a rare ' semiprecious mineral (variety of thonpson­

ita) occurring as amyg lea in the basic igneous rocks . Green in color 

and characterized by mottled appearance . 

CL vTlC - elastic sedir.ents are rock fragments that have been disrupted 

mechanica1l.y - not chemically. 

C y - a clastic sediment composed of particles measuring less than 1/256 of 

a millimeter in diameter . 

COBBLE - a clastic sediment composed of rock or mineral tr gmenta measuring 

64 to 256 millirJV3ters in diameter. 

COw. (geologic)" the geologie colU!llll is a listing in columnar form of the 

eraG, periods, and epochs of geologic time. 



-
COUGlO RATE - a clastic sedimenta.ry rock com.~_ osed ot cemented pebbles, 

cobbles, tmd/or boulders . 

CGrlTIN'f·N'TAL GlACIER (ICE SHEET) - a large size glacier covering a continent 

or an appreciable portion thereof. 

CORAL REEF - reefs buUt in shallowater by various organisms, both plant 

~Ad animal, such as cor8ls . 

C OSS FAULT - a fault extending more or less a.t right a.ngles to the axLe of 

a valley or r:1dge t see Fault) . 

Cl\OSS VAI.LEY - a valley extending a.cross the axis ot a structure . 

Cli11S'1 - the outer several miles of the rth. Fonnerly restricted to what 

was thought to be a thin crust surrounding a molten interior. 

CRYSTAL - the occurrence of a mineral with definite geometrical outlines. 

CRY"TALL .... the cooling of a m..<tf)lla 810w13 enough so that the constituent 

minerals can solidly in crystal tonn. 

ey IE - a regular period of events . £Osion Cycle - a cycle ot erosion 

beginning with mountain building (orogeny), the mountains are eroded 

away, and the orogeny begins a. new cycle. 

DEB US - ~ accumulation ot rock fragments . 

DELTA .... a se~ntllry deposit, oometimcs triangular (delta) ahap d, built by 

a stream at its mouth . 

D Os1'1 - any accumulation of rock or mineral matter such asa a delt , a lode, 

a vein, beach deposit, etc. 

DINOSAUR - any J'ilCmber or a large group of reptile that 1i ved during the 

esozo1c rae 

DI - the angl of inclination of a rock bed or a fault plane from the horizon-

tal plane . 



DISDiTEGR TION - the physical weathering (disrupting) of rock . 

DI TtJRBANCE ~ the minor changes in elevation of a land roass or a portion of 

it Slch as mountain-bu.ilding in a limited area, at the close of a 

geologic perIod. 

DO' 'N- ~ARP NO - warping involves the bending of the earth· s rock into gentq 

dipping structures (contrasted with sharp folds) . ~-warping distift.. 

guished the areas depressed from tho that are up-warped. 

DRIF! (GL~CIAL) - any rock debris that has been transported and deposited b.1 

gla.cial ice. 

DULUTH GABBRO - gabbro rock or Ke\~eena\' an age that is named after the Duluth 

area where it firut ~as studied (-see gabbro) . 

EPOCH • a subdi vi~ion ot geologic time shorter than a period; any interval of 

time. 

ERA ... one of the five great subdi visiono of geologic t~. See the g ologic 

column or time churt. 

EROSION .... tbe transportation of leathered (disintegrated and d composed) rock 

debrIs by lind, water, and ice. 

TIC - large gla~iall.y-moved boulder that a.re roren to the underlying 

rock. 

EBlJPTI - - the ejection of g s, li uid, and/or solid material from a volcano 

or fissure . 

ESCAF~t~IT • the steep side of an asymmetrical ridge; any steep slope. 

EXTINCTICN (of a lake) - the obliteration of lake by the a~~~lation of 

plant matter, the depo"'itlon of sediment, or drainage by lowering of the 

outlet . 



EXTRUSIVE Fro S .. lava flows at the earth's surface (usually covering very 

large areas) that flow (are extrud~d) from fissures . 

FlUl OUT - spread out or deploy in fan ahaped arrangement . 

FAULT - a break in rocka along which there bas been appreciable movement. 

PEWS AR - the most abu..'1da.nt mineral group; important constituents ot igneous 

rocks . Soda-lime and potasoiwn silicates . 

FEIDSPATHIC - like feldspar, containing feldspar . 

-hen the .:alls of a joint or fault are separated the space between 

th· , is known as a fissure; a crack £rom tlhich lava may be extruded . 

FISSURE , UPTIONS - lave eruptions emanating from fissure rathor th!.n volcn."1ocs. 

FLOOD PLAIN - the part of a river vall:ey that is SUbject to flooding. 

FlOW (lava) - the liquid (or the roelt resulting from its solidi!! tion) dis­

charged fro a volcano or fissure . 

FOW - v.hen horizontal rock l.a3ers are subjected to strong pressures they may 

be arped or bent into folds . 

FOl TIO~{ - an a.ssemblage of rock masses that have been grouped into a unit 

for convenien in description and mappL~. 

F'OSEIL ... M7 recogniza.ble organic structure or impression of the structure pr 

sorved in rocks rromprehistoric time. 

FEllCTU m - a bre~ in otneMdse solid rock . 

GABBRO ... a coarse-grained medium basic igneouo ro ck . 

GAP - an opening or pass in a ridge or mountain. 

GEOLOGY - is the stuqy of the earth including its rocks, atmosphere, and tor, 

and the lite upon it . 

GIACI L LAKE OOLUTH - a lake (hiDler in level than Lake Superior) that existed 

for a short time M ar the site of Duluth during the wa tinS away of the 

.isconsin Ice heet . 
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GLt\CIAL POLISH - rock surfaces polished by glacial abrasion. 

GlACIAL SCOUR .. roek surfnces scoured by glacial action. 

GLACIATIO - the alteration ot the surface 01' the ea.rth as a result. of glaciers 

having passed over the area. 

GL~CIER - a moVing mass of ice . 

GGUGE - finely ground rock (e1a1) produced by movement along a fault . 

GRADlEffr (ot a stream) - slope; the number of feet drop per mile . 

Chtt.'iliITE - a conn.-grained acidic igneous rock vlith visible quartz. 

GRAVEL - pebble size (4 to 64 millimeters in diameter) clastic sediments . 

GiiEENSTONE - an indefinite term (som times applied to chlorastrolites) usually 

appJied to greenish- colored eruptive rocks; the term is falling into disuse . 

GROUNDU.ASS - in an igneous rock containing different sized mine:ra.l particles the 

ttk.'\trix o:r mass of smaller sized particles is the groondmass . 

GROUrID TIATER - the sub-surface water, most~ derived from precipitation, that 

lies below the water table. 

HURONIAtl p;, OD - oldest geologic."l period in the Proterozoic Era (see geoloJic 

column) . 

H01 T - a I'ock mass borderE:.d by f 6ults along which it has been elevated higher 

than the surrounding area . 

ICE AGE (Pl.eistocene) - the r-ecent epoch of continental glaciation. 

ICE PWCKING - the various ways in .. ihich rock debris 1s picked up and made a 

part of a moving 10 mass . 

ICE SnEET (Continental Glaoier) - a lar-ge size glacier of Icc Cap covering a. 

continent or an a~prociable portion thereof . 

IGNEOUS (activity) - the phenom.ena associ~ted with . .1olten rock masses '1.lld their 

JOOvements . 
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L.llYiRVIC,US - lacking pores; a rock which solutions are unable to penetra.te. 

U1TRUSICN - a mass of magma or its solidified derivatives "Moo has forced lts 

wa:y into an older rock mass as contrasted with an extrusi.on where the 

molten rock has flowed out to the earth' s surface . 

IIWrl ORE .... an ore (iron) is a mineral aggregate from which one or more metals 

can be extracted at a profit . 

J OM - a fracture or break in rocks along which there has been no appreciable 

displacement. 

KEEi7Jl.Tnl - (Period) .... time of formation of rocks of earliest K:no",m geologie 

time; sedimenta.ry and volcanic series of rocks . 

KEflEENA <AN - (Period) - latcct period 'Of the Proterozoic Era. Type a rea is 

in Michigan' s Keweenaw Peninsula. 

KNIFE LAKE SERIES - second (younger) series of sedimentary rock of Archeozoic 

Era (same age as TLrn:l.skaming) . 

KIUJJtNE:y (hevolution and Granite) - mountain-building at the close of the 

Keweenawan Period. 

LACCOLI'l'H (cistern rock) - is a large lenticular mass of intrusive igneous 

rock. 

LAURENTIAN (Uevolut1on and Granite) - mountain-buUding after the Keewatin 

Period in the Archeozoic Era. 

LAVA - magma. that reaches the surface, or the :cock resulting from its solidi­

fica.tion. 

LAVA FlO,.S ... flow8 of molten rock on the eartht s surface, or the solid rock 

resulting from the 

IEACHED ... the process of soluble l..unerals being dissolved and carried away . 
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LIMESTONE • a calcareous sedimentnry roCk composed essentially of calcium 

c~rbonate (lime) . 

Ll"' UIFY .. the process whereby solid rock; becoll'.es a liquid. 

lODE - the a.rea of s8"Veral closely-apaced veins (of copper) that can be 

mined at a profit . 

LONGITUDINAL (longitude, length) - the longer dimension of a. structure such 

as : an island, a. range, B. valley. 

1tWMA - molten rock below the earth! s surface. 

r- l~NTLE - the blanket of weathered or partially weathered rock debris that 

----
.in lWst areas covers bedrock . 

MELAFHYRE - fine-eruinocl (dark colored) ba.sic porphyrios . 

SSOZOIC (middle lite) - the fourth great era of geolog.tc ti~ . 

lDl~~L - a naturally occuring subot~ce dth a distinctive set of physical 

propertip.s and a characteristic ch~mical co~pos1tion . 

MOLTE!I1 - in the melted atate or condition. 

l4ONOCLINAL (one limb) - a. on~sided fold, the rock layer is bent in one 

direction only. 

~ UN'!' In BUII..i)ING (Orogeny) - the elevation o'! portions of the eArth's sur­

face usually involving folding Dnd faulting . 

Nil1.'lVi COPPER ... the mineral copper not combined with other substances, copper 

essentially in the metallic state . 

QUVll....:. - a greenish to brownish colored IWJ.gneiJium and iron silicate mineral., 

characteristic of basic imeous rocks . 

(jpiil ...!. - basic i$l1eous rocks siru.i..lb.r t.o gabbro with Bll ophitiC (mottled) 

appearance due to the texture and arrangement of the pyroxene and feld­

spar cTyfitals . 



ORE - a mineral aggrega.te from Mch one or more n:etala can be ~raetcd at 

a profit . 

ORGANISM - a living entity, either plant or ani.n'al. 

OROGENY ... mountain- making or rour..tain-building . 

OUTCROP - an exposure of bedrock. 

CUTLET - the place of departure or, overflow of a lake . 

OXIDA 'leN - chemical union of cmy subatance with ~gen; one of t,he methQds 

of chemical 'feathering (deeomrosition) . 

P.' rEm.OIC (ancient life) ... the third o"'eat era of geQlogic time . 

PALISADE (a row of stakes) - a cliff characterized by roek columns (columnar 

structure) • 

PERIOD - e. unit of geologic t:.tmej a Sllb-division of an ~ra. 'which usually began 

and terudnatod with a disturban~e . 

PERltF.,ABL'E - a rock or rock substance l1hich wil.l permit the passage of liquids . 

PERVIOU - S'3JOO as per.m.cable. 

PHSNOCftYST - in a ) ol"p yritic roe'~ the 1'1rger crystals c:rnbedded in the ground­

mass arc kno 'In as phenocryst . , 

P.iICIOC: b.,PHIC - the stuqy- of ph¥siographYi the various land fOrm8 sculptured 

erosive agencies . 

Pl..: - (plane) - a low level, fl.at to gently- roll:1ng land surfaco . 

PLAlI. 'fION - t ,0 process of plnnin· (eroding) to t. lO~ler Md Il'.ore nearly level 

6urfaa by an agent of erosion. 

PLF~S'l'0CENE (most now) - mo~t recent epoch of gla~ihl tilt.e . 

PLUCKn~G - see Ice Plucking 

or HI UTE - fine-grained porphyritic rocks of medi.liIl acidity or H10diwn ooA1,c 

content . 

PORPHYRY - an igneous rock composed ot mineral gr ins of t dist1nct~ differ-



ent siz s: the larger are phenocrysts, the smaller constitute the 

groundmass or trix. 

POST-GLACIAL (time) - time after the Ica Age . 

PHB-GLACIAL (time) ... time before the Ice Age. 

PHOFlLE - cross sectional. view in outline of a ridge, valley, etc ~ 

PROTEROZOIC (fonner lite) - the second greu t era 01 geologic t1tte. 

PYROXENE ... a green or black basic mineral co~osed of calcium and magnesium 

silicates. COlllt!I>n in basic igneous rocks . 

RADIOACTIVE EIEMENTS - complex elan.ents such as uranium. that break down 

chemica.lly to form simpler minerals . Tbe alteration occurs at a fixed 

rate "hi eh interpreted is used as" tl deviCe tor measuring the age ot 

rocks and the age of the earth. 

PoJ.! b'ED (BIEVATE,D) BEACH ... beach that has been raised above tel' level. 

RESISTd'lT ROCK ... rock that i.s resist.ant (through hardness or compactness) to 

weathering and erosion. 

REVOllJTION - a major crustal movement (mountain- building) of the t ype tha.t 

differentiates eras . 

RIDGE (range) - M extended or linear bill or mountain. 

RIF'T - creva.sse or cleft produced bysplltting. 

ROCHE MOUTONEE (sheep-back roCks) - rock masses smoothed end polished on the 

side from which the ice came, but jagged and irregular on the lee side 

due to plucking. 

noC'".tC ... mixtures of various minerals in various proportions. 

ROCK BASIN .... a basin excavated from bedrock and usually containing little 

sediment or mantle; produced by gla.cial erosion. 

HOOK REEF ... solid roCk reefs (underground. ridges) extending from the shores 
, 

as projections of the resistant, ridge-forming, rock layers . 



SAND - clastic rock or mineral fragn~nts measuring 1/16 to 2 millimeters in 

diameter. 

,\NDST NE - a sedimentary rock composed of cemented sand grains . 

SCOLIA ... a red or b ok colored, glassy texturod igneous rock containing 

numerous vesicles . 

SCOl~IACEOUS - like scoria. 

S1:;...- C ... VE .. along vertical cliffs adjoining the sea, 'tmve erosion my cut 

recesses into the clift - Sloh are called, sea-caves . 

SEA- CLIFF ... vertical cliffs produced by wave erosion along shores composed 

01 rocks resistant to erosion. 

SED ~NT - rock fra~nt8 or rock debris derived from the 1"/eathering of rocks, 

includes chemical and cl~stic sediments . 

SEDIMENTARY - pertaining to sediraents . 

SF;])D1:'mATIOI~ - the processes forming, transport.ing, anddeposit,ing sediments 

constitute s dimentation. 

SmIES - a sequence of rocko that fort' d in a geologic 'epoch. 

SHALE ... a clastic sedimentary rock oced of compacted clay. 

SHINGLE - flattened disc- shaped (rather than spheroidal) p~rticles of rock of 

cobble s:1.ze ... 64 to 256 mi] Jimete,re in diameter . 

SILT ... a clastic sediment composed of particles measuring 1/2')6 to 1/16 milli­

meter in diameter. 

BILTSTONE .. a clastic sedimentcry rock composed of compacted silt . Gritty 

like sandstone but composed of filer pa:rticles . 

SILURIAN - the third period of the Paleozoic ura. 

S!CL1\;.~Y ( erry Guard) - island, or a group of islands, fringing a. shore, pro­

duced by shoreline erosion. 



SOUDIFIBD - the cooled and hardened magma or lava • 

.... OWTION - a liquid or gas containing dissolved minerals. 

sPATTER CONE - a small cone along a. fissure tormed by globs of viscuous" 

partially cooled lava that adhered to each other. 

STACK - a steep-sided rennant (island) of a retreating coast on a wave-cut 

terrace. 

STilA ID LINE - the definite line of contact bet een the water and the land. 

STRIAE (Striations) - scratches and grooves produced in rocks (usuu.q be&­

rock) by glacially moved rock fra~mts. 

STImm .:.. the direction of the line formed by the intersection of a rock layer 

with a horizontal plane. 

SUBMERGENCE ... the flooding of a. land area. by lowering of the land or rising 

of the vater. 

Si"NCLINE ... an area of down-folded rocks . 

T lBULAR .. arranged in table or tablet-like form. 

TEHRACE (t'ave...cut) - a rather level surface over which the sea. has advanced. 

by cutting away a sea ... cliff. 

TJi:f1.RES'l'RIAL - pertaining to the earth or land. Terrestrial sedimonts are 

deposited on flood plains ra.ther than in lakes or oceans . 

TEXWRE (of igneous rocks) - the app ranee of a. rock as determined by the 

size, shape, and arrangetmnt of the constituent minerals . 

THOMPSONlTE - one or the zeolite group of minerals; hydra.ted silicate. 

usua~ pink or white in color, possessing "eyes" which are concentri­

call1 ~ered portions differing from the rema1nder of the mineral. 

TILTING - inclining, slanting, 01" otherwise ch .;ing the position of part of 

the earth' G\1r.f'ace or its rock layers. 
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TI lISKP.lmm - second (younger) serics of sedimentary rocks of rcheozoic 

ra. (Same age or the equivalent of the nife Lake series) . 

TOPOGru RY ' - eon~guration of land' s surface. 

UPLlFl' (Continental.) - elevation or raising ot a continent by earth forces . 

VEDJ (Fissure) - tabular mass ot ore mre or loss sharp~ deUmited lrOlll 

the rock inclosing it· 1s termed a vein . A fissure vein tormed in 

fissure . 

VESIClES - gas bubble holes remaining from the Uc~uid stegc ot the rock. 

VOLCAlIIC ACTIVITY - igneous activity with surface (volcanic) manifestations. 

VOLC n.C BOMB - mass of partially cooled lava hurled from a volcano, liquid 

enough for its ends to become spirall1 t dated during flight . 

ve apparatus, a conduit connecting the earth's interior 

a.nd exterior. Usua.lly a volcaniC mountain or cone is built around the 

vent of the volcano • . 

WA cut BRRA.CE ... eee terrace. 

,ISCONSIN ICE SHEET - the last of the ice sheets (continental glaciers) to 

cover substantial portiono of IJorth America during the recent Pleistocene 

ce ge e 
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