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EDITORIALS ALGER R. SYME, :sDITOR 

Y-.:.AB END : The lecture on May }
1 

c.arked the close :Jf the 1945~6 lecture course . Nost 
people 'Ifill agree that it vas one of our cost successful years. Dr . Schwartz ' course 
of 16 lectures on 11Structural Geology" vas exceptionally well received as was also Dr. 
Thiel 1s ashort course" on Pet:-ole'll:!. , Ve had 27 lectures during ~e year, and an aver­
age wee::ly attendance of 82 . The Society closed the year with $5J5.00 car.b in the 
Treasury , and all bills paid. Certainly these fllete are evidence of success. The 
President , Officers, and Dir ectors are to be cont;ratul;:ited , as is also the Society 
itself. Ve have every reason to believe that next year will be equall:,• successful . 

NEV PRESIDENT: The :Board of Directors has elected Dr. Ed.,,,ard H. Mandell as President 
of the Society for next year . Dr . Hnndell has been nn earnest and conscientious mem­
ber since coming to Minneapolis , as "'ell as wi ardent 11field tripper . 11 Dr . Ha.ndell 
will have , of course , the full cooperation of the :Board of Directors and the member ­
ship in his leadership of the Soclet ;i· throughout the next year , Md we all hope that 
with him , we co.n do bige;er and better thin{;s . 

~~: In this issue, you will find -.n nnnouncement of the various field trips 
the Committee has arranged for this sumoer . This is an intert1eting field trip prograc. 
and with tires and sasollne restrictions off , ,.e hope no one will 1:1iss a trip unlesa 
absolutely neceesary . Zach of these places hns interestinp, geological features you 
should kno,. about . The trips a.re all scouted so that the leader is able to ta.ke you 
at once to the pointo of interest . It ls an excellent idea for one to r;o on these 
trips , have the specific epots pointed out to you , and then aooetlae go back alone and 
eXBJ:line them at your leisure. A trip oakes an ideal outing for yourself and fe.::iily , 
and also your guests . Or.ce yau start goinc, you will not atop except for unusually 
i::iportant reaaone . Those who do not take the tripa v111 cha a large share of their 
geolOt;Y education. It ls a.n interesting fnct that practically the sa::ie group go on 
all trips . ':'hn.t is because those who go learn to fully appreciate the value of the 
trips , and are anxious to go on the next one . 

FIRS? :FIELD TRIP: The first field trip of our pres !.'nt trip progrll.ID ia now a past 
event . 28 of us started off , the grou."!d cover!!d with snow, and cold weather and rain 
threatening to rv.in the dey . Mr . Eawley , hC»l'ever , predicted clenr weather and that 
tho snow ,,..ould disappear by noor.. So nothing d.aunt11d , we proceeded to Red Wing , Upon 
ranching P..a11tings , we found we had left th<:> snow behind :U\d thn day rennlned bright 
ond clear . Mrs . Lupient , o.s leader, did A fi"le job nnd a. good time was had by all. 

FUTURE EVENTS : The prospective trip to the Grand Cnnyon is o. pretentious u.ndertnklnt; 
and will require considerable ground work , If ;.•ou hi.we any thout¢i.t of going , make 
your decision as soon a.3 possible and notify P;:ist Prt>sident Charles H. Preston , ,,..ho is 
thu originator and leader of the project , Thio fn.11 , probo.bly about October 1 , ,.e 
expect to enterto.in the ?:id West Peder::i.tion of Geologicol Societies . It will be a 
two-dny aeasion consisting of lectures tutd short field trips. Thert" 'iiill be a ban­
quet which vill alao be the start of our own lecture prOl;l'tl.m for the 19i>&-47 zea.son . 
You will receive o.n nnnounceoent in due time . Ve. bc.ve ma.de tentative orrOJ'l&ecents 
'iiith Dr , Schwnrtz for a course of lectures on 11Eeonoc1c Gtloloc;y" to be given next 
year, provided time availnble to hil:l will perm.it. Ptrbops also the Society can do 
s01:1ething about plncing markers , l"ith a geologica.l deacription of certain points of 
intereat in ond arrour.d IHnnea;polis , notably J.!inr.ebahn Perk , aa suu:ested by Dr . 
Thiel. And not lenst , perhaps we can persuade the Librnry llllnagement to let us con­
struct that room we have lor-6 wanted in which to preserve our models , specil:lens , 
books, maps , etc . 

NOTE, oubeti tuti on of article on Petroloum for •Goologi cal Colu::m" montioned in 
tllill:X. I 
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June 9 

June 22 

July 4, 5, 6 

July 21 

BZD WING, Mi.r.nesota; I.EAD:Ell. , J.lnry Lupient • 
.PURPOSE - to study the contact of Oneota o.nd Jordan fornations , col­

lect trilobites , ex.amine fault , land slides , and other features . 

HUDSON , Wisconsin; LEAIGRS , Mr•. Henry S. So::u:iera and Li nda :Ben.'l1tt . 
PURPOSE - to study the Afton Anticline, collept trilobites , exe.c.ine 

certain Ordovician and Cacbria.n formations . 

TAYLO!lS FALLS, Wisconsin; LEADERS, Dr. and Mrs . Edward El.. Mandell . 
PURPOSE - to study geology of the area , Pot Hol•s , Abandon Gor ge, 

two drifts , Basalt flows , etc . 

MORTON and NEY ULM, Minn~sota; LEADER, Chas. :B . Hovard. 
PURPOSE - to study the Pre-Cambrian Morton Gneies , unconformity at 

top , Dakota format i on of Cretaceous age, some other Pre-Cambrian 
outcr ops , deeply weathered Pre-Cambrian grani ts sur faces at Red 
Wood Falls. 

JAY COOKE PJ.RK I LEADER, not selected . 
PUR!'OSZ - to study Thomson elates , chara.eter of area , i ntrusions by 

the Duluth Gabbro , structural geology , folding , bedding, jointing, 
etc . 

liO:E:?..EUBERG'S RZSIDEKCE nt Lake Hinneto!'ika. 
PUBPOSE - general get together . Lecture by Chas. B, Preston. Sub­

ject to be selected. 

August J, 4 LI'l'!'L3 FALLS , Minnesota; LEAm:R , Zl.JJer H. :Brown. 
PURPOS3 - to study the conta.cta of the shilts and granite , find 

staurolites, examine Algoman granite, etc . 

August 18 PRESI'ON ii~!E, Lake Minnetonka; L!C!'tllU: by Edward W. Hawley on "'i'he 
Wonders of the Heavens . 11 

September 1, 2, GRJJID CAh'YOU , Arizona; L!:A.DER , Chae . H. Preston . 
J PURPOSE - to visit and study the Grand Canyon . Dates are approx-

imate onl y . 

September 1, 2, WAVERLY and CEDAR RAPIDS , Iowa.; LEADER , Dr . Wesley R. Hiller . 
J PURPOSE - to study various Or dovic i o.n and Devon i an formations , 

secure geodes and fossils. 

September 14, SPRING VALLEY , (Minnesota}. PRESTON , LANT.-S:BORO and VICINITY; LEADER, 
15 Alger R. Syme . 

PURPO~ - to study the Oneota, Shakopee and Root Valley fon:;ations 
of southeastern Minnesota , the geology of Root Valley , iron for­
mation of Spring Valley, and the contacts of each. 

Septeober 29 DENHAM , Minnesota; LI:.Aro:RS , Mr . and Mrs. Lawrence W. King. 
PURPOSE - to study the cete::iorphiam of the southern exposure of the 

Thooaon fomation 1 intrusions thereof by the Algooan granite, and 
other i nteresting and unuaua.l fe&turee of the contact . 
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PROTEROZOIC SUllMERG:!:!:iCES AlID LAND F"'.:.A TURES OF THE U1HTZD S:rATES 

Because or their great age and co:::iJ7lerlty , due to 1ntens1ve meta­
morphisa extendin& over a period of hundreds of c11Hona of years, the histor y 
of the Pre-Cambrian r ocks is moit difficult to read, and yet , the geologists 
are able to tell us considerable about the geography and topography of that 
tic:ie . The Proterozoic Lra probably covered a period of at least 400 aill1on 
years , and closed approxir-.ately 800 million years 81J:O . 'Th.is era covered the 
Lower, Middle and Uyper H:u.roni&n and Keweenawan periods . Thie era is of par­
ticular inrnor tance to us because the great Mesabi iron formations were de­
posited dul-ing this period, and we live so close to it . 

Due to the t;reat value of the iron d.epositu , the rocks of this era 
in Minnestoa , Wisconsin and Michigan have been studied very intenaively. On 
the basle of tho r ock sequence and the ir character , here and elsewhere , 1t 
is a fair assumption that the Proterozoi c ::r.ra va.s characterized by four great 
troU&h11 of deposition , These are named on the accompanying cap . Thous&llds 
of feet of sand , clay a.nd aud were piled into these troughs until tbey obtained 
a thickness of some 5 to 12 thousand feet . Diastropbism, during and a.t the 
close of the period , made great changes in the phyoiography of the r espeetive 
area11. At the end of these revolutions, the land nreas previouoly occupied 
by the troughs we.re CO!:lplet£ly emerged from the sea . ':'he peat accucul.Ations 
.of sediments becane great countain rSll{;es as indicated on the aecoll!Panyin& 
map . This 1s illustrated in the Ontaric trough area where the presence of a 
great mountai n systet::i a thousand l!liles lon&, extending f?'o:n Kansas to Ontario , 
i& shown. It is known as the Penokee revolution. '!'he sace proceues operated 
to p r oduce tbe slll::le results in the other trouchs. The result of this deposi­
tion a.nd or ogeny vas the cooplete destruction of the trou.gbs . This diostro­
phistt marked the close of a great Era, The continent , nt this tice , was coc­
pletely ecerged , 

The rocks for::ied in the Ontaric t r ough cone ti tute the area now 
referred to as the Lake SU!Jerior Upland . The area includes part of Onterio , 
and all of !.Unnesota. , Wisconsin and upper Michigo.n . It h part of the 
Canadian shield. In 1t are i ncluded the followifl& Minnesotn fol"l:lll.tions; 
Ogishke Conglomerates , Knife Lake Slatea, Algo:::mn Gro.nites , l!iwablk Iron 
For mat i on , Thoe1son Slates, the Duluth Gabbro , and the Hinkley and Fond du-lac 
Sande tone . These formntions wer e depos1 ted in this trough a.R 3ands , ?1Uds , 
and oozes . Their total thickness was i n excess of S ,000 feet . During this 
period also in Minnesota occurred one of the greatest erlrullions of lo.vn 
known . Its •4ltceis estl!llllted to have been ns greet ns 24 , 000 cubic ciles . 

The Piedl:iont Plc.teau and Blue Rid&e Region 1nd1cntee the aame con­
ditions pr evailed during Proterozoic tice as does al.110 the Colorado Plateau 
and Northern Rocky Mountain areas . Exposed in the Grnnd Capyon two-thirds 
of the distance !'ro::i the top is a tilted series of strata over-lyin& the 
Archeozoic shiets , .,,.hich indicate a nano.al marine deposition i n excess of 
12,000 feet . Most of the Proter ozoi c strata arP characterized by extre::iely 
cocplex structures and thoro\J&h cetomorphiat::i . Conclusions should be drawn 
with great care because interpreta.t1on of conditions h diff.icult • 

'l!b.ese stupendous facts challenge our l!:!aglnation and ore worthy of 
your continued study. If you wish to pursue this subject further and in 
greatt'r detail , read "Funda.oentale of E.istorical Geology" by Dr. Carl E. 
Dutton , fornerly of the University of Minnesota, froc which the foregoing 
fa.eta and the maps have been taken . 
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Condensed :f'roo the 011 Weekly 

Utilizing atocic-age techniques, a croup of Masaachusetts Instit:..ite of 
Tet:hnolo,;y scientists are developing the hypothesis that oil 18 fomed by the radio­
active transformation of familiar organic substru:.ces . 

H. I.'!'. has duplicated in the laboratory the radioactive process which l:laY 
explain how nature , over a period of 10 cillion to 100 oillion years , accooplishes 
the convf'raion of protoplaso , proteins , fats and other cocplf'X oater ials into oil . 

The rP-search , sponsored by The Acerican Petroleum Institute , has shown 
that by bocbardment in o. c:,dotr cn fatt;r acids isolated fro::i oceo.n-bottoo cud can 
be turnf'd into hydrocarb.,r.s of the type maHne; up the bulk of the world 1s pet roleum 
reaourc fB . Re.don, a eas formed when ra.:lium spdntaneoual;r d.131ntegrates , was used 
u the i;ow·ce of the alriha. particle s with vhich the fa.tty acids we r e bombarded. 

!:arly r eMnrch indicated that r.ie;ot petrolew:i orlp;inates in the remains of 
plantB 1111d animals which ha.ve been depooited on the oce!lTI bottom and which have then 
been bur led by layers of mud or sand. E.ii;h temperntur ee 1:1.nd prese\II'es were origin­
ally thought to contribute the ,.ner~· requind to convert this material into oil. 
lnve11t.1fl'.O.tion11 about ten years s.t;o prcwed , ho\'leVtr, tho.t oil ia fortted at tei:ipera­
tures too low to perciit thh converBion . 

Recently , it has been 1ropOB<'d that bacterial nction or the energy fro:D. 
the high-Bpt'ed po.rtlcles released by radioactivity any plRy an iaporta.'lt role in 
converting protopla.em , proteins , fats, nnd othfr com-plex subntances into the con­
stituents of crude oils . Resea:-cb by the Geoloe;;r ~p::irtcient at f·i . I.r. !\as shovn 
that there cay be eu!flcier.t radioactivity in the aaterials of oil fields to effect 
t.hh conversion over a period of 10 million to 100 million years. 

A:IOI'.fl'. the coopounds ie.olated frCQ ocean bottom cude have been a nw::iber of 
to.tty aeid:i , ao nmed because they CP.n be obtained by cheoienl. trE-~ti::ier.t of fats . 
Whl'n certain of these acids wer e exposed to bo.cbardcent by alphn pnrticles frcm 
rn.dioac tive d1aint0:gration in t!le laboratory , they were converted into straight 
chain hydrocarbons which tmke up the greatest proportion of M.turnlly occurring 
petrolew::i. 

Rei.don , a gna fon:ied when radiWll spontnneously disinte,-rates , was used as 
the aource of alpha particles fo r the bombardment of the fatty acids . 

In order to increr>..se the yield of conve r sion product& ex;:iertments were 
ctU"ried out with the large , controlled nource of fast pnrticlen in the M.I.'11

• cycl o­
tron . CompL\l'iBon showed that the gas evolved when the cyclic ncid used in this 
work wna bocbl\l'ded by o.lpha 'Particles frott rNio:-. or by deut.Rrons in the cyclotron 
had nearly the 11A.mo analyais , This research, therotore , indicated that the high 
speed deuterona produced in the cyclotron have the same chemical effect as the 
natural alpha. pnrticles fro::i the radioactive elernt'nt rndon. 

After other investigations and physical calcul11.tions hnd confirr!led this 
conclusion , it wan decided to ruJ". further bombardmont9 of the acid in the cyclotron . 
Aa a reaul t of such irrndin.tion the acid e;roup wn.11 found tc- be recoved froc the 
cyclio portion of the molecule , thus producing a cixture of c;rclic hydrocarbons , 
one of which is widely distributed in fairly lsrce quantitieo in petrolew:i . 

Work 1e now in progress to deten:iine the ooruh!r i n which co?:1plex orgar. ic 
subatnncee are trnnsforced by cenns of radioactivity . !heae changes in organic 
coc:ipound.s have been brought about by bonberd.o;:nt or rndiatio:i under ln.born.tory 
cond.itione . Wh1>ther sioilar conver sions c.ay tnlce place in the orgB.l:!.ic caterial 
pr esent in oil fields to forn a.ppreciable qUNlti tlea of petrole1m is as yet unknown . 
The ra.dio&ctivity of earth aaterinla is now bein& r.:if!a&ured and in tice , ll.S this 
atudy progrtoeeea, so~e defir.ite idea will be obtained e.s to the quantitative in­
portance of radio&etivit;; ir. the for!lla.tion of crud.e oil . 



(45) PLEISTOCEN""'...- 'The Great Ice J.e;e. (U. S. ·,eological Survey , modified by Yilln) 



.A. TALE OF T.RILOBI~...S 

Whon lifo began, it appeared in the sea . Ages before there were trees or 
flowers , tiny plants lived in salt water . As ll&:OS passed they became lar,;er and mor e 
varied, so that when the first anitlals came into being , they crawled and swa:::i among 
green banks of algae. 

Like the earliest plants , these ruiimals were s:nall--but they also began to 
grow . Scee beca:ie won::ie ar..d other shellfish , while less active sorts turned into 
corn.ls and sponges. When they grew large cno\J&h to leave ~ fossils, they had 
formed most of the groups we now know and a nut::1ber that have become extinct . 

To see what these early creatures were like , let us visit an ancient sea . 
Ws shall find it hifYl on a :nountai n side near the railroad town of Field , British 
Columbia , where a quarry was opened in 1909 by Dr . Charles D. Walcott of Washington. 
Discovering some rare specimens , he brought workmen o.nd tools , and bego.n to dig. In 
the fifteen summers of collect!~ that followed , he secured sol!le of the most per fect 
foBBils that anyone ever has fou."ld. Though only black films on slo.bs of dark shale, 
they show the shapes and internal ort;a."ls of creatures that 11ved during Caobrian 
times, four hundred cill1on years eeo . 

To collect at the Va.lcott quarry, we :nust car:rp a thouso..nd feet dovn the 
mowitain , where we have wood , s!lelter a.'\d a sprin&: . Here we put up a small tent, cock 
lunch and watch the antics of ground squirrel& that bob up from their holes to watch 
us, and to steal food even while we were eating. Then we climb to the quar r y , a.'\d 
with hac.CJ.er e..'ld chisel split the hard shale , searching e1tch piece for fossils . When 
we !ind them , we wrap thee carefully in paper and put theo in a knapsack to be car­
ried back to cw::ip in the eveni?l£ . 

As we find fossil after fossil, we be&in to picture this country as it was 
when these specil:lens were alive . Instead of OOlUltains , we find a sea on which a few , 
greenish weeds are drifting. Dropping down through the vater , we find that our feet 
stand in soft., black mud. Thousands of little shells either lie still on it or wave 
gently on stalks of nesh . Here and there s:na.11 cones shoot throueh the water, dri ­
ven by fins that look like wi.P.gs . Aoone; the seaweeds , ...-orms are crawlir.g . !lot earth­
worms or caterpillars , which cannot 11 ve in vater , but beautiful. sea worcs dressed 
in shining scales nnd plumes of gold, silver or purple . 

The biggest thing we see looks a bit like a lobster . Yet 1t has no claws 
or pincer s , and when fr i ghtened it crawls and Wl"iBgles , ns no lobster ever does . 
From its large head, shaped like a half moon , two solecm greenish t!ycs look upward , 
and a pnir of lonp , jointed a.ntennne wave, The flattened body is rnade up of jointed 
pieces or sogcents , which partly cover the many pairs of legs by menns of which the 
creature 1a crawling. '!'he tail is only a small , flat button which finishes the ta­
pering body. 

Thia queer fellow 1s a trilobite, whose special nat1e is~- lie be­
longs to a class froo which crabs, lobsters and scorpions will develop ; and though 
only a few inches lonB , he is the leading inhabitant of this Cru:ibrian sell.. Only or.e 
of his neifl;hbors is able to harm hic--and this is A. crab-like second cousin whose 
pincers can break evon a trilobite 1 s shell. 

Neolenus hns just the habits ve expect fror.: his cl1.ll:lsy, flattened form. . 
When very young, he floats in the water; as he grows he settles down to life on the 



sen floo r , wher e he eats defenceless or dead bodlea t1'.at. he finda while cr a.wli:n& 
a.bout on the mud . His anteilJ'.ae help hi!:l discover eucb food , and hia many legs ta.kc 
him to it procptly. Around sooe piles of rubbish a. dozen trilobite• are feeding , 
each busily eating all that he can teke O.'-'O.Y from hia ne1!;hbors. 

Like his descendent , the cra;yfish , ~ grolo'a only nov a.nd thon . Month 
after oonth he crawls about in a hard , shiny shell. One day, that shell breaks alon& 
the head-and vi.th ::iuch vrigglillb S..TJ.d twisting, ?foolenus sheds it. Zach tvist re­
ooves oore of the hnrd cover , a...'ld at la.st he cones out 1.\8 a lnrger but soft-shelled 
t r ilobito , "'hich must hide amo?".g the seaweeds and sponges until his coat has ti::ie t.o 
harden . 

As he crawla about on the muddy bottoo, ?fl"olenus oeets a nu:nber of rele.­
tives . The co!:llloneat are small , smooth creatures len than half an inch in length , 
with heads no larger than their tails and or.ly two body BCgt!lents. Some have tiny 
eyes ; other are quite blind, and sper..d their lives burrowin& ewm.g rubbish or :nlow­
ing thro1J8h mud for sooething to eat . '!'hey are the smallest and most specialized of 
their kind--and their differences from reolenus show how much trilobi tee had varied 
(or evolved) before they grew the hard shells which today we find and call fossile . 

Have we seen enough of these creaturesT l'hen let 1s look at other sea beds , 
or forma tions , to see how gree.t the trilobiter becac:e . In late Cambria.'l sandstone& 
of Minnesota , there are heads and tails of kinds much longer than !ieolenus , with 
habits like those of the codern :.dng cra.b , so crun:non alofl6 the AtlNlHc sea coast . 
Th"'Y crawled and fed in sandy shallows , a.'1.d when t:1ey had aothiRG better to do , la.y 
partly buried by the sand . W!ien ,they died, and the sand hardened to stone , their 
shalls hft print& in the rock before they decayed . '!'hose printo alao are fossils, 
al thoU&h they tell less about the creatures that made thee than do the rei:ains at 
Dr . Walcott 1 a quarry . 

Durin& the Ordovicia.."'! period , trilobite& beca::le even oore v&.ried. :'b.OU€h 
n&::1ed because its rocki: were found in the cour.try of a tribe called Oriovices by the 
Romana , the Ordovician seas cover•d a g:reat deal of North klerica. Ir. the shales and 
limestones that they left , trilobites a r e cocunon ; and so are the ahells of less ac­
tive animale whose ancestors lay on the CB.Cibrian muds . These Ordovician descend.ants 
hnd grovn ouch larger, with thick sh.ells like those of clsos. We call them brachi­
opoda or 11larrp shells , " and find the!?! in abuml..ance when we climb the hilla above 
Ci ncinnati , or break laye r s of shale and limestor.e bnide some of the creeks in east­
ern liev York . 

A.!:iong the brachiopods are sane very la.r&e trilobites , as well as others thc.t 
were small and thi ck shelled . When da."lger threatened they rolled into balls , their 
bodies encased in ribbed araor that discou:raeed every enemy. 

!:oat large trilobites \'ere S!:IOoth , yet one which lived in Devonian aeas de­
veloped a r.iarveloue set of q:iines . His large bend bore knobs , points and spikes ; more 
spi kes stuck upward froo his back , while his tail 1o1aa set with 1ai.obs , tpL'les and hoda!. 
A perfect porcupine of the sea , he co::l::!ar.ded a. cltar right-of-'lo'aj' the ooment bis 
bristling ehell appeared. Other C.enhens of the anci!'r:t. deep left hie severely a:bne. 

Sl:la.ller npecies with prickly arcor were little core than clu$tere of spinee. 
Others had no apinu at all. :'here are crustaceana like that todny--a.TJ.d crustacea:ts 
e.re cousins of trilobites. So:=.e scooth fore.a liTed i:iore sicipl7 . DiE;ging down with 
their spade-shaped tails , they buried ?:Jost of their bodies in crud and lay .,,.itb their 
coutha just at the surface , waiting for aoaething to eat . Unlo'illing to burrow or to 
hunt , they took just what d.riftc:d by. ·iheira was the truly simple life , with noth­
ing risked , little lost, and leisure throlJ&h every day end year . 
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