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ANCHCflED TO THE Dl'FINITE 

The bui.ld.er \olho first brid&ed Ni&gara 1 s gorge 1 

Be!ore he swung his cable, shore to shore, 
Sent out across the gul.f his venturing kite 
Bearing a slender cord for unseen hands 
To grasp upon the further cliff and draw 
A greater cord, and then a ,greater yet; 
Till at the last across the chasm. 15W'IJJl8 
The cable-then the mighty bridge in air l 

So ve may send our little timid thought 
Across the void, out to God 1 s reaching hands-­
Send out our love and faith to thread the deep 
Thought after thoU&ht until the little cord 
H:ss greatened to a chain no ch&nce can break, 
And-we are anchored to the 1nfinite1 

Edwin Markham 
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STANDING CCMl!E.'ITEES--Chairmen: 

Constitution and By-Laws 
Parllamentarian 
Bulletin and Editorial 
Program 
Field Trip 

Membership 
Geologic Tablets 
Historijn 
Library 

Hos pi tall~ and Sunshine 
Property and Equipment 
Auditor 
Banquet 

*A list o! informational books on Geology 
is included in this bulletin. 

Martha M. Peterson 
Grace v . Benz 
IW'ion s . Skahen 
Fred W. Hallberg 
Elm.er H. Brawn and ~ 

Dr • Bert R. C&r laon 1 Co-c bdnmn 
Martha M. Peterson 
Lawrence W. King 
Ha1 E. HcWethy 
Wilma Monserud and 

Elsie J. Saci&, C -chairman 
Elsie J. Saci.a 
Dr. Henry N. Re:inking 
J. Orval Engen 
Grace V. Benz and 

Martha Peterson, Co- chairman 

GEOLOGICAL SOCIETY CF MnmE.SOTA INSTl\L!S !JiOHZE TABLE.TS 

Plans for installation of thirty- tw educational bronze tablets throughout 
the State o! Minnesota have now been ccmplated, ard the tablets have been in­
stalled. This is a project supervised and directed by Mr. Lawrence W. King, a 
charter member of too Society. The tablets explain the geological significance 
of the areas in W'iich they are placed. If and 141m another location is found 
suitable for an additional tablet, arrangement will be made fir its installation. 

ANNUAL BANC::UE.T 

The twenty-uventh annual. banquet or th.a Geological Society of Minnesota 
was h.eld on Monday evening, April 25, 1966, at th.a Bethany Luth.eran Church. Hall, 
25ll E. Franklin Avenue, Minneapolis. 

M:r. RicM.rd J. Dorer, formerly with. tho State Department of Conservation, 
who is thl author of the volume of poetr1, Th.e Ghost Tree Speakt , was the speaker. 
His subject waa· th.e Minnesota Memorial Hard.wood Forest. 

In charge of the banquet and table decorations were Martha Peterson and 
Grace Benz . The event was a fine success with 110 in attendance. 

MillNESOI"A MI.HERAL CLUB 

The Minnesota Mineral Club may ~ll be proud of the respoMe and enthusiasm. 
sh.own by their members and the hundreds of visitors who c:ama to their annual ex­
hibit at Apache Plaza in April. Thie attendance is ·indicative of the important 

~~~e~!.18t!s~ ~~b~~~&sr c~ ~~ r!!~k~fna ~;r~:!:i;in&~!:ats ~~~~~r~~J~· 
the collective interest and effort shown in their exhibit. 
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****************************************** . . 
A MESSAGE FRCM !OUR ?RL.5.IDENT 

Fellow Members : 

To me, and apparently to the membership at large, the winter series or lec­
turu W311 intaresting and profitable . The wonderful success of the program was due 
entirely to your Program Chairnan, Mr . Fred Hallberg , (Oh, yes, there nre an even 
dozen speakers . ) 

The official 11Board" was a solid plank during the past :u1asai. . I! I &elect 
one member o! it !or epecia.l mention, the hel p and counsel of the other members 
comes to mind , Thanks to each and every one !or service cheerfully and thought­
fully rendered . 

It ecem.s that there are so many cyclee in the natural order of lite-day and 
night - winter and sUl!lller~eposition and orogeny- lecturee and field trips-ah, 
yes , FIELD TRIPS l 

Somewhere in this bulletin you will find a tentative list of field tr"\.r'l. On 
these trips you wiJ.l find items we have reac! !l.t,,ul:. in the books on the ar .. ·· 
Those trilobites and others with strange-sou.··Jl j-i.3 n.mes l And the minera l o 11.1-.J i.ho 
metallic ore deposit.a l Didnlt someone tell u~ ;_!::;'J.t them in the lectureo? 

Are our draams going to be followed by realities? Juat another enjoyable 
cycle. Why donl t you get in on the sequel to the wi.nter •s program? The Hought!m, 
Michigan, trip includes a lot of happy hunting grounds, And Mr. Elmer Brown, our 
Field Trip Chairman , has a number of shOrtsr t r ips echedul ed. 

As I look out the window, the sun is shining, spring iS beckoning, the air is 
full o! premises . Rocks l Fossils! Field Trips l The whole outdoors is one big 
interesting laboratory. Hay your SUl!lller be an enjoyable one . 

Clyde case, President 

~: 

Mrs. Caroline Van Strum Derdiger , 3122-15th Ave . s. , Hpls. 55407 
Mrs. Fred Gordon, 52.l-2nd Street , White Bear Lllke 55110 
Miss Helen Kretctner, 3110-4th St . S.E. , Mpls . 55414 
Mr . & Mrs. Theo , Mason and son, 2437- )0th Ave , S. , Mpls. 55406 
Mrs , Phyl lis Hullin, Box 901 500 S.E. Essex, Mpls , 55413 
Pro£. Paul W, Stor, Concordia College , 275 ~l . S~dicate, St. Paul 
Misl!I Mary E. Quinn, 4949 Beard Ave . s., Mpls . 55410 

PA4-821J 

331-m2 
724- 9063 
))6- )074 

922- 4815 

With the 33 members listed in our Winter Bulletin, this makes 42 new members 
thia year . 

Martha M. Peterson 
Membership Chairman 

We on this continent should never 
forget that men first crossed tho At.l.antic 
not to f ind soil for their ploughs / but to 
secure liberty for their soul.a . 

Robert J. JicCracken 
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Mr•. Lulu Zaluslcy, 4004 Bryant Ave. S., wife ot Joseph W, Z&lualcy, a charter 
member ot the Geological Society of Minnesota, paseed away on March 41 1966. She 
ia survived by her husband, a sen James J~ ot st. Louis Park, a da!J8hter Mre. 
Palm.er Thorstenson, six grandsons and one granddaughter. 

Mrs. Zalusky waa a !itty-year member or the Eastern Star, a life member of 
the Hennepin County Hiatorical Society, Royal Neighbors, and the Audubon Society. 

Mrs. Nellie E. Howard, 3534 Coltax Ave, S., a t<rmer member of the Society, 
paesed away on April 141 1966. She is survived by two sisters, Mrs. Grace Knowles, 
Bellingham., Washington, and Hrs. Florence A. Bailey, Elk River, Minnesota. 

Mrs, Howard was an elementary school teacher in Minneapol.18 for 45 years, re­
tiring in 1954. 

Miss Id.a M. Swnaon; recently reaiding at the St. OJ.At Residence, 2912 Fremont 
Ave. N., tor m&ny years a member of our organ1£ztion, passed away March 7, 1966, 
tollowin& a long illness. She has no :inmed1ate survivors. 

She w.s a member ot the Eastern St·ll' and Treasurer o! Wenell American Legion 
Awd.li&ry 233, 

Our heartfelt sympathy is extended to the aurvivors in their loss. 

Mr. George Rickert, former president o! the Geological Society of Mi.Mesota, 
was taken suddenly 111 a tew weeks ago and hospital.bed !or surgery. lie are glad 
to report that he has ccmpletelJr recovered and showa hie usual good spirit and 
enthusiasm to be or help whenever he can. 

Illness also necesaitated the hospitalization of Mr. J. Orval Engen, one or 
our board members, He too ia at home now and hae returned to teaching. We all 
extend our best wiahea for hie complete recovery ao that he can resume hie regular 
activities. 

It is perhaps as fortunate to 
ha.ve a desire to et~ the simple 
rock formations, aa to be born 
with great wealth. 

Edward P. Burch 
1940 



PROPOSED FIEID TRIPS-HAY 15 TO OCTOBER .2, 1966 

Field trips are the key to the study or geology. All the English author, John­
Ruskin, 1i1Tote: "There are no natural objects out o! which more can be learned than 
out or atones. They seem to have been created eapec~ to reward a patient ob­
server . For a atone, when it is examined, will be t~ a mountain in m.in.i.atw-e. 
The surface or a 1ttone is 1X1re interesting than the surface ot an ordinary hill, 
more !antaatic in torn, an:i incanpa.rably richer in color . " 

Providing an opportunity for the Geological Society o! Minnesota to benefit 
from this type of cbservation, the following proposed field trips are being planned 
tor the coming SU!lllll6r months: 

SUnd&y, Kay 15 Minneapolis Building Stones 
Leader-Mr. Elmer Brown 

It will be interesting and informative to all to see 
how the varied and beautiful sandstones, granites, am. 
marbles are untillzed in the construction aOO ornament­
ation of our fine buildings. 

Saturday & SUnday Luverne, Minnesota 
June .4 and 5 Leaders-Or. Bert Carlson and Mr. Elmer Bro1t11 

Tuesday, June 14 
thro""" 

Tuesday, June 21 

Sunday, July 10 

This field trip ie pl&med to study the Sioux Quartzite 
Formation in southwestern M1-eaota, and the decomposed 
granite and kaolinite at Rechfood Fall.a; also to visit 
the Ochs Brick Plant at Springfield, Minnesota. There 
will be an evening; dinner and lecture with elides en the 
quartz.it.es - have seen in Minnesota and Wisconsin . 

Annual Field Convention of the Hidwut Pederaticn o! 
Mineralogical and Geological SOcieties, June 16-19 at 
Houghton, Michigan. Sponsored by the Copper Country 
Rock and Mineral Club, with the cooperation of the Divi­
sion of Continuing: Education-Michipn Technological 
University. 

This is to be the outstanding tield trip or the year 
and is expeeted to at.tract enthusiastic member groups 
from many states. It will take the place or our long 
&llll.USl field trip. (The June 14-21 dates mentioned 
above enclude travel to and frcm Houghton . ) 

complete details o! program may be aecured from Mias 
Martha Peterson. Telephone 825-1147. 

Taylors Falls, Minnesota and St. Croix Fells, Wiaoonsin 

This trip is to study the lava flows that !orm. sane or 
the spectacular vertical baealt cillfs and pot holes, 
as well as to view the magnificent scenery of the area. 

SUnday, August 14 Annual picnic 

Through tte perenni&l. courtesr o! Hr. and ttra~ La\Jlrence 
King, the picnic will bll held at their love4' home on 
the st. Croix. Thia i• ahaye & ddiaht!'ul aoc.ial. inteT­
lllde for our members. 



Proeosed Field Trips (cont.) 

Saturday &. Sunday The North Shore of Lake SUJ>m:ior 
September 10 a.a::I. U 

Saturday &. SWXiay 
October 1 and 2 

A field trip to the North Shore has &lva)'$ been a favor­
ite excursion for members, not ~ because of the spec­
tacular scenery tor which Minnesota is known, but for 
the many interestin& spec:lmena or &gates, rocks an:!. min­
erals to be found in that looality, 

Little Falls, Brainerd. and Cuyuna Iron Range 

This excursion is planned t o rt\'!.l-: w
0

'<J C'.oraines and oo.t­
wash plains, as well as t he ! !'o:-i hll:.r!ng rocks ot the 
CUyuna Range. 

Attendance on a field trip will prove its interest and value , Bring your 
friends along to see the geologic wonders of this state , It will be a thrilling 
experience . 

WINTER LECTURE SERIES 

Correlated with our field trip program for swimer months is the Winter Lecture 
Seriea of the Geological Society of Minnesota . The Society1 s lecture series tor 
1965-66 has beon Wcrma.tive and interesting. 

Por the purpoae of supplemental information, and as an &id to our manber.i, we 
are includJ.ng here for leisurely stuiy and review a brief outline ot same of the 
lectures presented during the fall and winter months by the Society. These out­
lines are mainly covered by notes taken for and by :your editor and are not a coc.­
plete r esume . We trust they may prove helpful in clarif'ying the subjects in your 
olnd. 

THE HIDDEN EARTH 

Professor J. Merle Harris 
Lecture given in conjunction with a film by McGraw-Hill Publishers 

This Iilm summarized several aspects of the current work that is being done in 
the field of geophysics, as well as presenting sane of the conclusions of past work. 
Inferences as to the nature of the interior of the earth are drawn large~ from the 
stud¥ or natural earthquakes, much as the study ot artificial earthquakes is used 
to interpret the layering of the earthis orust . 

Earthquakes evidently occur because of the earth' s crust being under stress , 
ttowevor, the ca.uses or the stresses are still a. matter of specula.tion. The film 
pictures an instrument set up in a. long tunnel to measure rock movement . The state­
ment that, "In the course of a year a mile o! rock moves one-sixteenth of an inch 11 

is to be taken as a measure.E:1.ent at a particular time and place-not as any kind of 
average. 

The earliest knoM:l seismograph was o! Chinese origin and 'ill!.8 interesting in 

::~~~~ldf!g 8:p~~~e s:~:! ~~~~~~gs r:r~~. ~= ~~~ad !:~"';t:n!~ah e 
a \olS.y that, with & little tilting, the marble held by the frog lowst in the circle 
would !all from its mouth. In this lia.Y the direction of the first pulse or dis­
turbance could be deduced. 



The Hidden Earth (cont,) 

studies of' the behavior of earthquakes led a seismologlat, named Mohorovicic, 
to discover that the crust of the earth (now detined as the outer layer ol the 
earth, in which earthquake va.ves travel relatively slowly) varies considerably 1n 
thickness trom place to place, In general, it variea !rom l{l to JO miles thick 
Wlder the oceans. The line (really a surface) of separation of the crust from the 
lower layer next to it is: called the 11Mohorovicic d.iscootinuitytt 1 tor its discover­
er, or simply "Moho" for short. 

No actual d.rilllns has as yet penetrated the Moho. However, a well-publicized 
project, called the "Mohole Project", ia under war to do just ttut. Frca the above 
information regardin& the thickness or the crust in different places, i t ie not 
hard to see why the beat drilling site ia believed to be in the ocean, 1n spite or 
certain obvious d.itficulties. 

It has been found that when a seismograph is loc-.tcd too f ar away Crom the 
source of an earthquake , only the primary waves are recei'le"I.. 'l'hh is interpreted 
to mean that if the waves dip too deeply into the earth they encounter a zone whidh 
absorbs transverse waves , Since tests show that liquids have this property, it is 
generally believed that below the mantle, l<d'dch is about 1800 miles thick, most of 
the material is liquid. This portion or the earth, below lSOO 11Ulos, is called 
the core, From sane other considerations it seuns probable ths.t the center of the 
core is solid . Thus the present picture or ti'm urth is that of an outer crustal 
la)'llr resting on a much thicker mantle, both of which are almost entirely solid. 
Below this there is an outer core, probably liquid, and near and including the cen­
ter is an inner core, probably solid, It ia not believed that voleanoe1 and lava 
!lows derive their molten onaterial from. the core of the earth, however, It ia be­
lieved to arise frem pocketll near the interface betwam. the crust e.nd mantle, Many 
of the deeper earthquakes also originate here. 

Hea.t Escape 

Another aubject presented {by the film) is that of the study of the escape of 
heat !rem the interior or the earth. Whereas the averqe rate of increase of te.ci­
perature with depth, callEd the geothermal gradient, ia about cae degree Centi­
grade for each 100 feet of depth, there are many places where it U considerably 
greater. This may be due to ne&rness to an igneou• srurce er to a zone of weakness 
in the crust , In some hot eprings areas ccm::i.crcial and industrial use is made of 
thie energy SO\ll'CG to generate electricity, How much of the earth•e internal heat 
is due to the decay of radioactive substances and how much to 11le!t-owr 11 heat from 
th& time when the earth was molten is a problem yet unresolved. 

PRECAMBRIAN GEOLOOI 

Dr. w. C. Phinney 

The Precambrian period covers 81 percent of geologlc time-pproximately fair 
billion years. It is present as large areas or relatively low relief' on all major 
continents, probably a stable core around which younger portions of continents have 
accreted . Problems of correlation are difficult because rocks a.re non-!011111iller­
ous; some are metamorphosed, reconstructed mineralogically, and complicated in 
structural relationship. Advent of radiometric dating has aided considerably in 
correlation problem.s over tre past 15 years. 

Many geographic ccnditi.ons must have had similar ranges as today, For 6X8111-
ple, glaciation, volcanic action, erosion, ard sediment deposition took place then 
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Precambrian Geolog (cent . ) 

as it does today. Certain details may have been different such u sa.linitv- of 
oceans or composition of atmosphere . 

Precambrian Canadian Shield is ccmposed of granitic rocks, gneiees 1 echists, 
and volcanice 1 ae well a.s slate. It extends from the Great Lakes region northward 
to Greenland and from the North Atlantic westwJ.rd to Saskatchewan and the Northwest 
Territcry, 

In Minnesota there is anorthoeite, and volcanics along the Ncrth Shore. Gran­
itic rocks can be found near St . Cloud; gneiMes and other met&ilorphics are present 
in the Minnesota !liver valley. The follollling precambria.n effects can also be stud­
ied: 

Ely Greenetone (slightly metamorphosed volcanic rook) and Knife Lake 
fcrma.tica in North Central to Northeastern ;Unnesota; A.lgom:ln Granite in 
northern Minnesota. 

Mesabi Iron Range-- Virginia Formation. Bacteria .md algae in sediments 
are t110 billion years old. 

Duluth Gabbro is intruded for 1.50 milee from Duluth to northeast tip 
of state. 

Hinckley Sandstone and Fond du tao Sandstone in east central part of 
state. Sandstone in southern part of state in Sioux ~w.rtzite. 

The Cambrian period t>t;gan 5.50 mil.lion yea.re ago. l·feteorites are 4.5 or 4.6 
billion yel'.l.rs old. 

The coloring o! rocks in slides is optical int6rforence caused by polaroid 
lens. 

Thin sectione or rock three ten-thousandths of an inch in thickness a.re U3ed 
to etudy textures md mineral composition under the microscope to help unravel the 
history of tl'B rocke in detail. 

PiiECAKadlAN GEOLOOY AND moo mil!ATIOOS 

Dr, Henry Lepp 

The Cambrian period record as estil'Dated here started about 600 million years 
ago and was original.4' defined as the earliest strata in which fossils cou1d be 
found. Recently, howeV(lr, marine animal fossils have been discoverad on Victoria 
I11land, which could indicate that ccmplox life existed in part of the Precambrian 
era, but evidence is incomplete 1n the Precambrian because o! structural metamor­
phism. 

Iron formations in the Lake Superior region a.re Precambrian rocks which are 
partly weathered and oxidated. Taconite is a chemical precipitate like limestone . 
Natural precipitates form from materi.tl carried by rivers in solution and precipi­
tated into the ocean . Iron formations in Kinnesota fe.11 into two age groups: 
t.hoae older than 1700 million yea.rs like the hesabi R4118e, a.rd t.hosa older than 
2600 million years like the Vermillion Range. 



Precambrian Geolog:y and Iron Formations (cont . ) 

Moat or the iron formations of the world a.re in rocks that are older than 
1500 million yea.rs. We have sedimentary rocks tM.t are rich in irai in Europe­
Alsace Lorr&iNI, younger than 600 million ye&rs, There are al.so iron formations 
that are less than 600 million years old in Nort.h Merica (e ,g,, the Clinton f'om.a­
tion of Ea.stern lhited States.) 

Precambrian iron formations are Cot!pOSed of iron 11.inerala and 11iliC-On dioxide 
minerals (chert). Taconite cmtains very low aluminum, titanium, ard phosphorus , 
Younger iron formations ccatain calcium carbmate &rd iron minerals . They a.re high 
in aluminum, phosphorus and titanium, In rocka younger than Cambrian we firxl large 
deposite of chert with no iron, and large bodies of iron-rich aedimcnt rlth no chert. 

In a temperate climate the chief weatherin& JrOduct 1a clay. Silloa and alum­
inum form clay. In the tropics {laterite soil) ailioa 111 leached out or rocks , and 
all that is left behind is a lwninum oxide, iron oxide, titanium oxide, and phosphorus. 

Some or the oldest rocks that we know are sedimentary . Ely Greenatone is partly 
volcanic rock, One way of explaining the differences between the old and ;young iron 
formations ia to assume that the Precambrian f<rmati.ona foI'IQed in an ox;ygen-deficient 
atmosphere , which would allow iron to be dissolved and ttrna to form chemical sedi­
ments like taconite that are low in aluminum ard titanium. 

Metamorphic changes take place at high temperatures. Weathering or surface 
leaching used to be ocnsidered a type ot metamcrphiam. 

OOGIH CF PE'l'ii01E(Ao( AND OTKi.it FUELS 

Dr. F. M. Swain 

In discussing petroleum., ti'E subject may be covered un:ier four main topics : 

l , Source area 
2 , Source material 
J, Exploration 
4, Sane great oil fields 

Regarding source area and source material, sedimentary deltas such ae the Miss­
issippi Delta shales are a source bed for petroleum., Southern Louisiana has one 
of the largeet source bede in the 'lf':rld. The estuary at Cheeape11.ke Bay is also a 
rich source bed. 

The Ba.y of Naples ie 21 000 to J,000 reet in depth. The temperature is warm, 
and there is much crganic matter. The lagoons ha.vs a high rate of evaporation . 

The bays alona the rocky coast or Oregca and ,,ashington are rich in kelp a.rd 
seaweed. The kelp floats in and is preserved, On the beaches kelp accumulates 
with coarse materi.al--carbonate hanlpers decay, and so is a good source. Coral 
is also an excellent source and reservoir fer petroleum. 

A reef ot serpula worm ie also a goai eource. There ia an area and reservoir 
bed in Mexico, Another source is eel grass and sea anemones in Ore:goo · 

With reference to exploration to find petroleum: 
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Oriain or Petrole\ml and Other Fuels (cont,) 

a . SUrface mapping 
b . Underground e.xploration o paleo geographic me.pa or Nicaragua and 

the llilliston (N . Dale . ) basin 

In Western Texas CtOst oil is in l.iillestone rather than sandstone . Permian 
rocks in Texas are high carbonate rocks . 

Regarding the great oil fields, Atha.baska Tar Sanda in Canad& ia one of the 
great future oil reserves in North AJ:J.erica and prr'lbabl.y in tha wa-ld. The Nether­
land.a and tha North Sea probably will be one of the great gaa fields or the world.­
moat~ cretaceous. The greatest of all oil reserves, however, are the fields in 
the Per:iian Gulf area . 

Coal as a fuel may be discussed under several broad areas: 

1. Source areas 
2, Source material 
). .~here cool is foond 
4. Modern technique 

Major sources of coal are dismal swamps in North Carolina and in lakes . In 
Bog Head Coal in Lake Nicaragua masses of small waxy al&ae form bog head coal. 
Cedar Creek Bog in Minnesota has 4n feet of pe3t and marl. Ten feet of peat ld.ll 
compact to one or two feet of coal. 

Coal is classified as to geological age. Methane may fcrm directly by bac-

i:~~l:=~e~~l&:r~a~~ i~~e~i! ~~~~~ f~~f~:;.d~~~h maa!:r- e 
not found in the same beds. Coal is ma.de up almost entire~ o! ring canpol.Ulds. 

In crude oil, the more ring canpounds there are the poorer the q.i.ality o! oil. 
To fcrm oil, high temperatures and high pressure are not needed , Oil is the res>1lt. 
ot intcrat!tion between the various organic material over & long period of ti.me . 

Oil forms more rapidly in salt areas and areas of high evaporation, There 
ia a good posaibilit;y of finding much more gaa and oil in the United States, but 
getting it 111 ao expensive that other sources may be used . 

Suggested references fC'lr a further study of this tqiic arc PetroleUr.1 Geology 
b:y Umdia (Wiley Co.) and .22!,! by Van Krevelen (published :in the Netherlands) . 

AGE DETER!-IINATION OF ROCK FOOl'lATIONS 

Dr. J , A. Grant 

Traditionally the ages of various rock fo~tions have bem determined by ob­
serving their positions relative to each other, For example: 

Superposition 
Dikea and Sills 
Truncated. croas-bedding 
Fouila 
Varvea (glaciat~ material) 



Aae Determi.Mtion or Rock Formations (cont.) 

Ripple marke in eandstcne indicate the top of their' reepoctiw beds. Rahe of 
sedimentation are vary UDcertain with variations of one toot in 500 yeare up to one 
foot in 2500 years . 

Tree rings ehow eeaeona1 nriatione in growth. (The oldHlt tree in the world 
14 the bristle cone pine in Califc:rnia, which ie 4, 600 ,ears old.) 

However, Geologists have: needed something other thln the above to arrive at 
agea back to Precambrisn times, Today, absolute agn are det.l.nrlned by radioactive 
decay, 

a. This ie not affected by te:nperature and presouree in the earth• a crust. 
b. The heat flow !ran the center of the earth ill oaueed partly by radioactive 

decay. 

Theee are the main decay schemes: 

Uranium 2)8 chonges to lead 206 - halt lite: 
Uranium 235 11 " 11 2(17 
Thorium 232 2~ 
Rubidium 87 11 Strontium B1 
Potueium 40 11 Calcium 40 
cartxm 14 11 Nitrogen 14 

It ie neceesary to select tlE decay scheme ard the material to be used. Some­
timee it is vc.ry important to know the mnber or daU&hter el8110nts to etart becaU!le 
if too many daughter elements are iresent the sample will appear to be much older 
than it is. 

Gaseous producte of helium and argon may escape. lt the ample ie open to en­
try or loaa of either pa.rent er daughter mattirial., the determiN.tion will be wrong , 
Therefore one must be sure to get material. in its original condition. 

If we can date an intrusive into fouile, then we can date the fossil& very 
accuratel.y. 

Geologiets can analyze a rock as a whole or any minora.l.s in the rock. If the 
rock and mineral formations are concordant evmta, the analyet gets only one age, 

Regarding the age determination of meteorites, meteorites are thouatrf:. to be 
primitive qteri&ls, and the age of earth and the age of meteorites are cloeely 
related. Lead from iron and stone meteorites and lead from the earth fall within 
the ea.me time plrio:l, 4500 million years. AeeU11ing that all lead ca1ne cnly from 
radioactive decay, the extreme upper limits of age of earth are 5060 million years 
to 5640 million rears. 

."""""""' 
Dr . E. J. Cushing 

By the last 80 million years of geologic time (Cenozoic) tt. continents, 006!1.n 

basins and crustal le.yera as we knOW' them have been established. Hamanls and tlmf­
ers have evolved during the Cenozoic perioi, 

The biological concept. of can.pl.ex syst.ems acting in the wii•.tisa ie useful to 
geology. 

-ll-



Paleoecology (cont.) 

The study of paleoecology is the study of tl'e relationahip of past plants and 
animals to the earth and land,cape ot the time . Tbe palooecologist is intere,ted 
~ in the following: 

a, Chmge in species 
b. Changes in the gr<mping of 'pecies, that is, their distribution in the 

landscape . 
o. Climactic changes as relatod to landecapes-for example, glaciation 

The geologist who ia interested in paleoecology adopts the idea that recent life 
is similar to preeent life, To reconstruct the landscape of the past, the paleo­
ecologica.l tool he ueee 1e the analysis of pollen of the laet 10,0CX> years. (Rocks 
containing spores go back to Paleozoic and De'«mian times . Pollen- producing plants 
developed dlll'ing the Cenozoic period,) In Hinnesota we are interested in the la.st 
10,<XX> years and the plants of this post- gl.a.cial p:iriod , 

Pollen grains falling into a lake are buried in mud and form a stratigraphic 
sequence. The grain11 may come from near or far. Pollen is a clue as to the nature 
of the higher plants, but very little or nothing can be known about the an:!.ms.ls ex­
cept fl"om relationships between plants and animals ta:1ay. 

Pollen is obtained !ram lake cores bored out fl"cm frozen-over lakes. For exam­
ple, the pollen core from Cedar Bog L9ko indicates that atxiul:. 8 1 000 years ago mostly 
pine and 1118.rsh fem were 1n abundance, while about 4,000 ye.are ago there was less 
pine and more oak . Most recent cores show much ragweed pollen due to agricultural 
development, 

PUJ.STOCENE GE.Ol.OGI 

Dr , H, E, Wright. 

The Pleistocene period was the period of glaciation which affected Minnesota and 
most of North America. In the Pleistocene, there were either lower tEmperatlll'eS or 
more enow, or both. Mountain glaciers spread out onto piedmont and plains. During 
the last million year a ice expanded at leaat four times !rom the Labrador center. 
Ice etarted as moW'ltain glaciers in the mount3.1ns of Battin Land, and spread to the 
base of Ute Rockies. The glaciers were fed by etorms frcm the southwest , The 
driftleu area of Minnesota and Wisconsin ha.a been glaciated , The moW'ltains of 
westem Canada and the San Juan,·Wind River, Glacier P.ark1 Sangre de Crieto, Uinta, 
and Califomia ranges had their own glaciers. The cirques :In the Bear Tooth Moun­
tains are now beccoing lakes. 

Extensivs glaciers exiet in Antarctica and Gn::mland, Antarctica is practically 
featurolese, but:. mountain ranges do show, and rivers of ice are m&rked with crevasses . 
The very cold temperatures make the front edge of scall ice tttigues vertical. Cre­
vasses are deep and sharp where tt:e ice tmgues fall owr the valley ridge. There 
is v ... ry little melt water in Antarctica , By contrast, the Greenland ice eheet has 
outwaah plaine. 

Certa:ln !uturee of glaciation can be noted . Far rummple, moraines can 'ce 
formed by debris bei.na brought up an:ialorg glaciers. Eskers are termed by debris 
carried in rivers under the ice, llhen the ice front melts the serpentine rid&es 
may be seen. There are thousands in Hi.rmesota, especially in tt:e northern pi.rt of 
the state . They may ranse !'rom 20 to 100 feet in height. (cont. oo p. 13) 
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Pleistocene Ceo log (cont,) 

Drumlins are back of the terminal moraines , TheH c.ipr-shaped deposits are 
formed at the same time but in different parts ot th!t ice sheet, the drumli.n.s fom­
ing in the lobe, and moraines at the front 0£ the lobe . 

In the Wadena and Long Prairie area there are 1200 drumlins in a fan-shaped ar­
rangenient, They are 15,000 years old. The problem ot drumlin formation still re­
maina unsolved, The pattern or deposition must be rul&.ted to the fanning out of 
the ice near the terminus, Wich ~ permit till to be squeeud up into ridges. 
There hi no way to get under the ice to see wtat is happening under the glacier to 
form the drumlins, There is a set of drumlina north of Two Harbors llhich are 50 to 
100 feet high, five miles long, and have a mile between the drumlins. 

At their IDlLXimum extent , gla.ciers reached to wtut ia now St. Louis. The Ohio 
and Missouri Rivera were marginal streams, and their present cha.nnela were deter­
mined at that time , The glacial ice was perhape 10,000 feet thick, and ite weight 
depressed the earth hundreds of feet. 

The dietinct ice lobes which crossed Minnesota. followed tho natural lowlands 
which are in the original bed rock. Four major ice lobes reached central Minnesota . 
There is a problEm in working them out , Both red and grey drift show in the Grants­
burg Lobe, the grey being on top . 

The Wisconsin glacial stage in Minnesota started 70,000 years ago arrl ended 
ll,000 ye&rs ago, Cerbon-1.4 dating of organic debris in glacial drift determines 
the age ot any particular ice lobe . 

5T,HJCI'lRr: IF C~TINth"l'S 

Dr. J . c. Craddock 

CCl'ltinental structure is studied by the use of gravity 111Bter and by seismic 
methods. The ocean basins are of heavy weig;ht compared with ccmtinents, which are 
light weight, Oceanic isl.ands are mainly bssalt upon which are superimposed coral 
bl.ands . There are two explanations for such islands as New Zealand and the Fiji 
Islands, 

1. That they ar e separated from Australia 
2 , That they are growing into continents (continental accretion) 

Continental accretion assumes three stages: 

Early stage . Long zones undergo deep subsidence with accumulation 
ot sediments in the geosyncline. 

b , The tectonic stage 
(1) Folding of sediments 

~;~ in~~!i~au;~te batholiths 
(4) Metamorphism 

Elewtion 
Upli!t dm to isostasy or the bal.ancing out of rocks. 

By continual accretion tlE older rocks ftrm the center of the continent> but a 
probl61ll appears in the !&ct that in Africa, Brs.zil, and Austrailla ths continental 
edges appear to be very ancient . 
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Structure or Continents (cont.) 

The theory or dri!tin& continents is based upon the following llne& of evi­
dence: 

1. .3tratigraphy or Australia.I J'rica, India, Antarctica and ;:>outh America 
ia &mad.ns;ly alike . 

2, Truncated belts in South America can be matetlld up wlth the same for­
mation in Africa. 

). Magnetite crystals in lava are oriented according t.o magnetic field 
at the time they were formed. This does not correspond with the 
earthi s present magnetic field. Thia indicates that both the mag­
netic poles and the geographic poles must have been in different 
places in earlier times. 

The primal crust of the earth ma.y have betn similar to the crust of the ocean 
basins, The first orogeny may have been due to a convection cell. The do;,n-welling 
convection currentll !onn a trou.gh and subsidence of too earth l l!I crust, and then 
isostasy t!l}ces over. This convection cell theory is contravened by the rift valley 
system in Africa and in Nevada. Rifts indicate expanBion. Present thinking is the.t 
porhaµ tho whole earth is expanding due to the build up of heat, and not shrinking 
because or cooling. 

Reference: Our \/andering Continents, Al.ex du Toit (1937) 

THE HUMAN SEASONS 

Four !leasons fill the messure or the J!llU'i 
There are four seasons in the mind of 11&11: 
He has his lusty Spring, when fancy clear 
Takes in all beauty with an easy span: 
He has his 51l!1Uller 1 when luxuriously 
Spring 1s honeyld cud of youthful thought he loves 
To ruminate, and by such dreaming high 
Is nearest unto heaven: quiet coves 
His soul has in its Autumn , wl'Dn his wings 
He furleth close ; contented so to look 
On mists in idleness-to let fair things 
Pass by unheeded as a threshold brook . 
He has his Winter too of p11.le misfeature, 
Qr else he would forego his mortal mturc. 

John Keats 

THE COIN 

Irita 'tlI:f heart• s treasury I alippfd a coin 
That time cannot take nor a thief purloin 

Oh, bet.ter than the mintin& of a gold-crowne.d kin& 
Is the safe- kept memcr y of a lovely thing. 



"EARTHQUAKE COUNTRY" 

incJJ=: ~~~:~!~nbe~!h~f ~~ ::!~l'.ntfr°tttfob~~;t!8:f i!: 
axcell.ence or information.) He is discussing an are& in C&litomi&: 

The San Andreas Fault breaks into many branches in Southern Cal.U'onlla, and 
there ia no reasm to believe that the same situation <!~ not occur in the north 
end. 

Within California the San Andreas varies considerably in width. In places it 
may be less than 100 yards wide and made up or a tev ent&n&led lines ot rupture . 
In moat sections, however, it is several hundred yards to a mile or more in width 
and inter-laced with any number of sub,parallel tault lines. Ita actual edgea are 
indefinite because or the many old lines of activity that are now hidden under re­
cent gravel deposits or alluvium, and because ot the land-elidin& thnt has covered 
several m.ilea &t a stretch. South of San Oorgonio Pass in Southern California the 
San Andre&!! zone is so wide that almost the entire width of the state falls under 
the spell of this great cleft and its many branches. 

Despite its great variety of natural wonders, Calltornia ie beet !mown to many 
outsiders for just one thing-earthquakes . California is earthquake country, and 
the many reports and stories on its rumblings and sh&kin&s havo made indelible im­
pressions throughout the world. Only one in 10,000 Ce.lif'orni& earthquakes ever 
does any great damage. 

Bare statistics do not tell the whole story. Any Calitorni&n who knows even a 
few !acts about the state Is oeismic history realizes that 11earthquaken can mean 
many thin&s. Kost often, it refers to minor quiven of the earth that people can 
feel but that scarcely do more than rattle window, crack a little plaster, or oc­
caa1onall.y knock an older home off its foundation . The tact that Calltorni.a aver­
ages one earthquake of deetructive magnitude per year does not me.an that a city of 
soma size b flattened. Ckl the contrary, a great percentag• or theee larger earth­
quakes are centered far enough from population centers that the great shock inten­
sities close to the source do nothing more than shak• some aand dunes or frighten 
a fe1o1 cattle. The large cities- far in the distance--teel nothing more than the 
last dying ehucldera . 

Despite the public attention concentrated on recent earthquakes, California 
has had only three nmonster" earthquakes during rscol"ded history-in 1857 in South­
ern Caillornia; in 1872 in Owens Valley, and in 1906 along the Northern California 
coast . 

What we know is that earthquake.a are only a small part of a greater geologic 
process that is constantly taking place in the earth• s crust, When the earth shifts 
along lines of weakness known as faults, the violent movelllent of great rook masses 
creates shock wa.ves that result in earthquakes, 

We can learn a great deal about the nature or earthquakes by studying the 
faults along which they originate and by observin& the physical features that have 
been creatGd by both ancient and recent mowmenta, Calllonlla's San Andreas Fault 
ie by far the most conspicuous in the at.ate and is so wll delineated 1n many areas 
that it can be eaai]J explored by the layman. 

Calllornia baa earthquakes for the ~ reason that it has much of its magni!i­
cent scenery. Earthquakes originating here are tectcnic .in nature, which mMns 
that they are caused by the very forces that are responsible for mountain building. 
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Earthgunke Country, (cont.) 

The state is broken into a series of cnist.al blocks that are separated by 
taults--great fractures that term. lines of WO&kness in the mas1111a of rock at the 
earth•a surface, Due to the pressures that build up below the surface, these 
bl(.lcks are elevated, tilted, folded and depressed &long the fault lines until they 
rest1111ble the pattern of an old brick street , And every titn.e t'l«I of these blocks 
sudden}Jt shift past each other al.ong a fault, Calltomia has an earthquake, 

Fault movements are responsible for the developnent ot the gr-eat Sierra !Jev­
ada, moat of the ranges of Southern California and much of the Pacitic coastline, 
There are thousands of faults located throughout the world, but there a.re definite 
concentrations in the a.rea1J that are associated 'Id.th h1gh1 aotivel,y building moun­
tains and deep oceanic belts . A great concentration of faulte extends from east 
to west through Europe and Asia Minor, The largest seismic belt surrounds the Paci-
1'10 &sin and includes the fault systems of the west coasts ot South and North Amer­
ica, the Aleutian IslaMs, the canplex Japa.n-Kurile belt, the Phillipine Island.a, 
New Zealand and many South Pacific Islands, Master fault zones of the Pacific &.nin 
are noted for their horizontal rather than wrtical movement. 

California 18 interlaced with h~dred.9 of faults, among which the San Andreas 
is the most publicized , The most dominnnt fault in California today is, by far, 
the San Andreas Fault, a giant shear zone that extends some 650 miles throug:h 
Southern California and along the Coast Range eection of Central Ca.lifornia. This 
huge fissure has been instrumental in the development of the topograph,y all along 
it• course; and it has cauSEd two of the greatut earthquakes in C&liforn.is. history, 
1857 and 1906, plus a nunber of others that have excited public interest. 

The fault received its naz:ie wtBn geologist Andrew Lawson pointed out that the 
fault features ~re best exposed ard typitied by the straight valley on the San 
Francisco Peninsula that ws.s occupied. in part by San Andreas Lake. 

Like all major faults~ the San Andreas is not a single break in the rock, but 
it ia a wide zone, made up of several lines of activity that are roug~ parallel. 
It is not ot a single age, but includes the recnants of ancient faulta that have 
been quiet for countless centuries and other active breaks th&t torm the line of 
most recent activity within the zone . The d:l5cont1nuous movement along the fault 
haa given rise to a confused surface appearance consisting of old features that 
have boen heavily eroded, plus the fresher resul.ts of movements of the past few 
thousand years. 

The depth of the San Andreas Fault is unknown. Most geologi!lte agree that it 
probably extends all the way thro1J8h the earth's cruat, a dietance of 20 to )0 
miles , Most C&llfornia earthquakes originate at points about 10 lllil.es deep, and 
those tho.t sh!!ke man at ground level must also vibrate the rocks for an equal dis­
tance in all directions , The fault probabl,y dies out deep within the earth where 
temp!lretures are such that the rocks become more plAstio and movements along the 
line of fr!l.cture can be absorbed without any rock break. 

TO BE ALIVE 

LU'e ma:y appear to have beCOllle a fntstratins: round ol meaningless 
activitiea in today•s complex society. But there are miillone llho preserve 
a sense of the under4'in& llOilder of our world, who haw a capacity to take 
a delight in everyday experience, and !ind intense joy in simply being 
all ... 

"Words to Live By" 1 THIS WEEK MA.GAZINE 
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