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Wlnkr Leoture Serl.,·• by Dr J C~opboll Cne:\0"1'._n~""''O'C'.Lo!~,Q].oa, I 
Univcrsltv ot Minm:sob . The: first of Dr. Cr-.1-':>eL l lc~t .·.;a "':l ~tn·i:.:tut"'!.l I 
r,eology Yill be Piven :-.t Ford H.t..1.1, Roon 55, ct. 7:)0 ... "I ~..>"!. !!o1.Gny o·,.;cinp, 
Oct~bcr 14, 1957,. h:s lec+:l.--o -,r.des \i"HJ. be hll1 ":t,·?;.;_:c'.J.;.~ t~ ... .,__!.;~~:or ·mrl 

1 I, oprl.nf' on th.c scc.,nj 'lnd !'ourth '•·:r:dm;s.of CC>C:\ tl:wt..:.: ~r~! .. !.pr:: 1956. It is 

~i~~ ~~~~~~~!!~ ~:; .. ~;;- "~:t;_-·r~~. p~~;~~! .. ~··l i~r,s;_;:;::::~~~~ ;>~~~:··.:~J~'-~·~!h w~ 
d<;C10nstrntC' t<" hlo t!.r.·. ·.;c. :-.1n _.,;~~'<· ~f.:OV";•~ O'"i-·'.t:l!.t.1~t".'r. 'lr•·· J.'"I .!.lSo , 

~~~~~~~~i~~~L·~~=' t~~; ~o~:·~~~: ~~.,~~"···~n ~~~ ~· -·~~::f~' e.~~~~~-~~~r ~" ·•::~~~'\,!tllno 
brioffy for u::: the o-::oµo,; i:i~ '-hto S.l.i'ijeet whlc!1 llo 1;,. tl :'.:0'':4 • in t~l.•.s '1.N; tho 
11 succcodinf" lectures. P:i.ccsc cono to this lcctill'c rm l u-:,.o yo·ir frLnds· 
to crino nlco, 

Dr. Crn1rlock hr>s n. rich b'lckgrounrl or trl' ln1n"! rmrl oxpcrirnM. lie 
I W"S b:)rn in Chio!rig., in 1930, c.ttcn..ic-:1 p;r.,de nn'" hirl1 6..ch.:..ols in •:dc:"F;o .'\nd 
1 suburbs; 1:1ceuror! 'l. B.li. dc.g;ree· fro, D.: P<"ul Un'!vcrs:! ~f, Jh!irnr, 1951; "nd 

M.A . -ltPrt.E Md his Ph. D. -'!orrcc ft"p Colunbin OnJvu·,ity in 19~3 "n..i 1951. 
respcctivt'ly. DuriI\~ th,- stU.ar ">f 1952-195~ he W"<S ;.:'i.::11 fllO) of'ist for the 
NoG- York Str.to MusctrJ !In"' durilJl! th(. Y€'lrs 19~.i.-1955 r.no:l :i6, he V".S l'Mlotist 
for the Shell 011 Co. with loct!t;.ms nt strti..,ns in \oiyonlr.r, Tc~rs 'ln1 New 
Hoxie~. Ho h.,s bn:1n rlo::ii!U" ;~eol~.i.e'll work in ~·cw :~,µrte' th.:.a Blr:':":cr. J!..!.s 
rceponaibilitios 'l.t th£: University heri;: inclu'l, C·~urses in Pbysic."1 Cc:oloi;y, 
Structur~ Ccolopy nnd a. Bl,-,.ck Hills Field Course . 

ThcN you h;vc sc.~e of tl::.e hii;hUrhta in th£- trnininr "n1 xperience 
of th.: O.'Ul who will deliver our lt.cturc; soriu on structurl rcoloP.y. tbrc­
ovcr, ho Ma a. cham.ine' pcrsonalit)!" nnd i:l -hb prcsont'\ti~n 'lf the subject, 
he will ~ .. kc ovory cff::.rt. not t? bt so t~c!'urlo~J. th"t h,- vill b<- "shn"ltil:v; 
ovor our hc~.ds . " 

Mr. & Hrs L'\wnncC' KiM to Help the Bc<"imJC1rs. hs outlin,:~ t~ y1Ju in our 
lrat b:allctin, Hr. & ~:rs, Kin .. hm·e c.:mscnto\ to C?nr!uct r. apccia.l prt>lininc.ry 
diaeusaion of p:coloey f'lr be:ginnors bcginnin!i nt ?:CC P.'!. on Octobor 28th , 
which 13 tho socon·l "four !leotini;;s with Dr . Cr'\1-'~ck. Y~u \dlJ hoor Clore or 
our plnns for this criur::io on Mon.iny ovctiinr, Ocbbcr 14

1 
"'.t Dr. Cr .. d':lricks first 

locturo. Wo' thour.;ht it flrlvisc.ble to ~ive this E·Dtiro first ovonin;: to Dr , · 
Crr.<Mcck Md Otnrt thr lectures for bcpinnLrs or. tht' ROMnrl "10otin~. We· 'U"O 
fortunntc thfl.t Mr, & Mrs. Killf hwE conaento·l to con~uct this c,lurec which wo 
feel sure will bo of pnrticulor va.luc to thone who l\rc ntnrtinr r.oolovy /ls a 
vocl'lti::in!ll intor;.;ot. 

Mr . & !Va. Killl"h' vo return~rl fro:"I their trip to Wyoninr.> to scout 
our n.:xt ycnr•:i field trip "t.:> tb.o Wycnini:--J~ckson lbl· nrc"I . Wu sho::iulr! /l)J 
be kccpinii th1t1 lo~ ficH trip in r..in1 for our vncntion next Juno. 

Hoving or t.hr Burch Rock Collcctbn. For thL prnt scvcr.,l y '\rs our Ptist­
Proaidont, Joseph Z'\lueky h'1s b•:on kin-! ·-tKn1·h to .itv t.e n prirtion of n b"sc­
ncnt. t'OO'.'l or tho buil'lin~· Mus1.n.- th·: c"llccti '11!1 ?f tl!c Hcn."lepin County 
Hiatorlc"\l Society to the: use of our Soci&t).· for ~ pnrt if th, collection of 
rocks rn" "'line>r!ll.:i 1'ath~r~1 by ~v"J.r<' P. Burch 'lVt:r ll tcn-ycflr pErio1 . With 
tho '1QVln.to; or th... Hist'll'ie<1l Society's c.Jllc.ctbn rroo its locnthn on Hamon 



- -
-;ll\ce to 2~M Strc·~t~~ ;'\rY,~onUC"1 !t bficll...!o i":F~r"tiVc th.,t we seek snr.e l' 

othtr locet1on f"r this C·~lecti--:>n. !or~w:etdy, t!1 ·~rye of Hrs. Hclone / 
Beckor at 2006 D...yton r.v('nue, St. l'"'ul, is V'\C'"nt 'ln<l WI w~ro 11ble t~ transfer 
the entire C"llll'ction to th'°'t le.::nti'ln. Mrs, .:"ry f., ~ott Ms "lctd es the 
chail'tllln of the cor.iittec hevir~· -.:.his e.:t1v11_- ln C"'•\l':"C. We ~ro hop.~ful thnt 
vc f''J;f be 'lble tll uec c Jl!:>rtion o~ thl.!l coll£ .~i 1:i ;.n thr vint.-.r•s r.ctivities, 
ss thoro t\ro quite> n brge nir."oe.r of vs~· "'"':.J spo:::inens i:i the CQllc.ctfon. 

PICTURJ:.S OF COI.aUDo-NJ:.li f.Z>...!:-.0 TRIP TO m, .:;:HQ .. N 00 t!OVDtBF.R l.l:.h. 
Kod!lchra:ie slides of the JU.'lt :i,057 ~Lonr: Tr:.1-" will be flhown in nur rer,ul.'ll" 
ocetin~ pbce , ROCl:l 55, Ford fu.1.1 .. U. of M . .,,, Mond1y ev1mina, Nov, I. '.it 
7:30 ?,M. 150 of th6 beet of thP. Kodll.c:U-or.ie:i snt1.ppcd by some ot the. mc:::ibers 
on the trip will be sho...-i and crpb.ined by Mi:!Js Gl"a.r.o Ben~ ~md hr, J, O. 
Ene;en . E.vcryone is ur(;E!d to attend this spcci!.l 1:1coti.ne. 

GULLET l rl-GlJ~RO 
.!.'•, ,, 

TOPICAL OUTLirlF OF Li'crtmr SfRIF.S 

TO Bf. Grm1 i5Y D'P . J. CA!1FBF.LL CIW>OOCK 

1. Oct. 11. Outline "n.:l. 1favclnpcrnt or Structur'll Gcolory, 

2 . Oct. 28 Pric;..'ll'Y structureo. 

). llov. 11 Fr.!Hs ,.n,, their orlrtl.n. 

4. llov, 25 Norn".l r ... uits. 

s. D£c . 9 Trnnscurrent f:i.ults, 

6. Jc.n . 13 Thrust faults . 

7 . Jr-.n . 27 Salt structures . 

a. Feb, 10 Volcanoes , 

9, Feb, 24 Granito , its oriM.n nn1 oirniricnnco. 

10 . Mor. 10 tontinoot t1.l drift . 

11. l!ar. 24 Struot ur3 ond dovelor.nent or enntincnts. 
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G:,OLQqIC.~L_;j()C_IrU OF u:::: SOT .• 

?in'1t1cial Shtc~nt n3 of Oct . l, 1957 . 

Current .:.ccount 

cash in checking !'tccount Mar. 31-1956 

Recoipts 

Frm dues for 1957 375.50 
Fr'll'.I dues p:iid 1n advance for 195B 32.00 
F.roa field trips coll1::ctcd over trl\Jlsportation cost::J 202,65 

F~:~~~~~e~~~e~~c:~ . 31- 56 to 10/1- 57 df.~ 

Diaburecrncnts 

Loctures 1956-57 
Post:Ago, supPlies , etc . 
Loud speaker purchased 
..U.dwe:it FedAra.tion dues 
HbcellMoous disburse::ients 

Tra..,i'lferrcd to .say;..ngs account 
9tl'l.nCCt in SlT!ngs account Oct, l, 1957 

BaUnco, '.l'lroh 31, 1956 
Roceivc-d fro;:i C. E. Preston est.ate 
Receivad froin state Fair exhibit 
Interest. on Savinf.!'S accou.'1t 
Tr:msferred frm chticking account 
Tot<i.l deposits to checking e.ccount 

Ba.l.Ance in Savings account Oct . 1, 1957 

ReC'lpit.ul'ltiOn 

Total 75S,27 

$ l.40. 00 
159.94 
67.)7 
15 .15 

Tot.al~ 
B.tl.ance 351.91 
~ 
151.91 

i 500,cio 
500 , 00 

50 .00 
42,a5 
~ 
792. 85 

• .1292. •5 

Kv . Jl- 56 Oct . 1- 57 

151. 91 Chockinr. !l.CCount 
Savings accowit 

94 , 77 
...i.00....!...'.\2, 

Totals 59t.. . 77 
"""' · 7~ 

Sub:rJ.ttcd br 
A. r . Rickmire, 

T-reasurer. 
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REPOO:T or t~ ;.,.'T ioT!:ilR\T!O! CO!M.t'TION 

Reprinted fr1"1 tti.e ,..!!:' .. ~· ~l l>J.1letin uf 

:t'he Midwest Fedrra·,ion of' x·_..,- ,_. ~~"L • •d (",.. l· ~ir.nl 3cic.'..et1es held 
t)tcir Second Field T~ ',~ C.c .(.lb.~ • f>.U •t, .h ;.,,. .. " ';(,nv•.r.~ . .:.•,1; 11•, 

Phttcville1 Wiscc.r.•":: .J•l!.C ,: -:f, ,:-. , :l. i:...i·.· :. ~-i.s,,. ~ .• r.1.frinb 
success; the att£.i.-J 1;·~- '•-:y,K1J -,_:..J ·,>..,. :i.t 'l ~-·· :.v~.lefio c ·z Along 
s:::oothly due to P,C.t" :,-;_,,~:1:i.n~ .. ":.t. ":<.: e-;"i. • , atin J • \1-t-u ll!t.er.:.st. for 
all concprned tc- !1.:: 'l' l,,o; :.l" 1ect_,.. Q,· t ·,c: rru· ·"' . 'l 

One ol::r-111ved t.r~(; ;.••;~ r(,;c\.·1~C·J.<•I.! ~'i·l~·'t ~ti.11 •,l, \,_,,.,1.;:. l•iilre i;n;ible to 
get t.o the '!oi111ys1:"l 1:1 _;ir b:ecat.:;•; ;,,t' :'--'n •n~ 1.·o'UI :-.,p,, nr. the b"-'R drive!'s 
were ahout to tur1. 1'11• It w:1u1 to t.hcir ~.l!lll.<>: JM•:'lt !\J~l,.!1 ,_,-,:·1 ,il:lmlJinr; out nnd 
w1lking down the s:n'1• rr.d cl~ ;•.,11.·j o- t.11k1n1: 9h<J~- ~.ut," tr.rv11~h dec:p wot 
grasii to ge;. ·r.o t~:e :Un.a. He""r- 1e "''""''' r• , "'... drd t• r.1·,h f nf' lrrt,d .-md :1inc 
srwcimcne as well 11.•• an ')d•,ca.t~c.n'..l :.'\..lk •,;, 1;:...r,<1 t:J:'\':'11':1.i".'?•U hy the svµorin­
tcndcmt. Th!.s ent1·.u1.d.e.srr tJ•<! i_.-,r, .. :-1.;:;1, ro:rr J.·,:tz-i ti.•·ot:U•Yr: t.hc. Cvnv.::·m;..;.on, 

A !ltl:)p at Stc>nd'iel-i l~:~·ch'!1, :\Cl'.te <,f t.h. !:·rr·I, •.11.~';od Gov1.1rn"r of 
Wbconain, w:lth its ~..ar:;,.- a.~tiqi:.? ~t"r.is :.r. '\ bc·.•tt..:.~.i~ly furnit-hcd ho!:'le of 
th!lt pe.!'iod a:id buUt of :1.!i.h·f! ;;to:-.~, rro•,cd thl? :\lu,-, of t'nC'lrn for b'"auty 
as well as protect~on. P.Brt.. tco hT!"!' tol'.hil il.s to ;X<rtrny farn:.ng ndhods 
before C&'i\!!ll labor md l orse-<ir11.·;.n "q•1!.p"Jc.:\t w1.r1' b.r,~P.i:r dieolaccd by 
tod'lf'" al.tr\ >"'K:c!"'a.:\~.za.r-tc:-.. ;:t. o.::.ll pro~.dt futt:r" e!.!.1zen:1 l<':tn the history 
ot h".IW thei!- !:orix't.-., Eved ~·C:. "".V\dc a livin~ dur~a,~ the :ill'.:l\> i;uriod. 

T'.i'l: vie.,, from -~-Gr<;;i;,-:-r !..'1 l'~"' "'13 awr.--inspir,;.nf, n\tures '""n l'..'lnciiwork 
crw.t!;.;; a ne·;cr- tr .~a. f<:.!'6~tt1.."'1 p:.c'tJ~e. 

11;,·-tlusin6 furr.b~ed a 1-:--c>k into the p:i.iit with Dr. Be:i.H.,.ir Wilsrtr1 1 s ex­
eitin;; histo~y or its din·cvery. The view of thCi confhu:'\CC or the ciiscon­
ain and Kis!"issipp~. !'ivcrs frr.::-- !I. led"c hig.'-i above tho \t:"l.'~H W'\S brc3t,htaki.nr. 

l·!inc.r'll epeci-i;t:.ns -..r.:1·c a~ . .:.lablt: :it the Ph'l1.~cpl'\('O l"lusi;:u~ ii.t. \!i.u?.cit'l 
in ad<!ition to tht:i gifts of let.d spc.ci':'.'.c.ns for t:v~r~-onlt We hi.d th· oppor­
tunity to see the r!.ck .;:·,lle;:t.:.::;u of "'tn stones, ::Wu,r.'llS_. mosaics, mother­
of-poarl inlo.ys 1 ar·d the fo.'1.ous ;bn 01 ,l!\r, 

In Kiclupoo Ce.ve we S.'!.W an undc.rgpound '-'Ond-.:rland - nt.:Uact.itee and 
11tnl.a.¢t.Ls c.r pun onyx, 

Tho boat trip, t.njo~d to the hilt by cvi.;ryono, W'l!I onh'\nced by the 
geologic'll CC11:1:!1i.;nts of our devotc.-d Dr. Fr3nk Flt;:c.nt:r of J•1lfot Illinois, 
Mr. R, B, Miller, o"'mr o.r tilt ''Donn11 lo!i.r;", jMdt: thr trip ao V"lluable by 
rointing out 311 the historie-1!. plac(s md th,, d,,vrlornuit or the.. nrf'11. 
generally. It wi.s restful .• car·~!reti, offol't.11.s'?I .. ~ no nc:l.~1" no conf11sion, 
jur;t to t:njoy vistas SE';Cn only from thn rive:r. Thill wn.s one nf tht: hiph­
liSht&. of the convention . \·/t:; S<>~i where Juli.1.r1 Dut.uc;ur. ..,,.a buriOO under a 
lofty tower on lhr, low:i. s:Lle. U.:: w..:ru tolC or hill c;xplC1its 'l.nd or his m.:i.rr-
hge to ~otoai , dau1i"lt-cr of the Ind:i,m (:hirf .~ .. ~·· 1nfluc.ntir!l !!l<:mber or 
th1.1 lndinn trib<., he bec.:1.11.u wez!lthy throuiVt th<:.. S'lle o~ 1011d 1 and WlS onto of 
th, first white 11Umrs in this 'll'C'l . Julbn C:ubuc;u..: d1(.d in povi.rty but j ':, 
left much ~,fatorical Oat.a b .. hind him. 

The cil.y of IhbuqU~ i':'.l.s existcl und( r fiv' fbr;ll 1 Sr-Wnh 1 Prcnch, 
Mexic~, EngllsJo,1 'l.'ld. .'Q.,rican. It \oM.S visit.Ki by Jolic.t in lf.SJ Md by 
Dubuque in 1783. Th~ !hssissippi Rivo· dr.i..-:i E!O:C of tht W'ltr.r thi.t ftlls 
on the U. S.A. Huch r;ood s()il is C'lr!'i"-d dci,n th river P.i.ch lllinut•. . It fa 
n.o+. ju ... t CDJd, but !l.S t~ qt...::it consu-V'ltionist. W C'lrt.o·:d.st- "Jin& Darlin,;~ 



nid, "It is bcecf / pork, bc:i.ns, corn 'l.nd whettt" c11rritd to tro Gulf of Mexico 
nev0r t.o ~o nturm .. 'CI. This silt t:qutls '.l cubic!!.]. i:dlt.. t:v ... ry Y'-'lr . In the 
l.!!et million ft:'.lrS thls h'l.s eq.iilleci on'l million cubictll ::dlcs. :+.t ona tWe 
thi> ;:1881&aipj.li de.lb w:is g,t the junction or th1. Ohio . 

Whtrc. tht.. :.ussissippi RivE:r is widC: 1 th(. ~in.quokc.t.& sh'lle bc.twten thu 
Pl'\tteville 'U'ld tho Chl£tu dola.l:itc. W"IS wry wt;'l.k and 110 t.roded e11sily. We 
i«.nt undc.r th1i bridg<: !l.t Dubuqu(;1 which cost thrico million dollirs , This is 
tho long1;111t single: sp:m brid?;~ in the. Unite.'<! Stot•:G , 

Undc.r th0 guit:hncc of Mr. w. ;, . Broughton of tho Wieconsin Institute or 
Ttohnology, the ~ulc'.llly 1nd Bhckstonc oi,n(ls wcro vieitc..d. Very rintl m'lrc;1.-
11ito, pyrite, lote of calcite, sphalcritc, lf:'ld and zinc we.rt. found. AC; also 
lookc.d down the 800 foot sh.'.lft - tht: only cntr'lJlcc to a nin wht.rc oinc.rs 
ontvr viA bMket , 'l!ld ell T.l!lteri~.1 US(<! undur-:round l'OCS dO'lm thC; s~e W'l.y, 
and n.11 :mt1.rial is o.l.so brought up throup:h thr,, shaft, Tho min1.:rs shn.ck 
whuro thr,,y chr\llgo clothes is a ri.e.l story- book sioht , Hl thc. cloth ... s nro 
hung up ngll.in:it thE. coiling to dry and t.'l.Ch min&r low..,rs his outfit with a. 
ropo, including his hto.vy boots . Th<. roor.i ill kE.pt n.t hieh ti..mpu.'Lturi,, 'l.t o.ll 
timeo. A sign t.l!lls you th~t a bl;lll sound .. d once, twic~ , or three tillltiS 
indic'l.toe wile.re !ln nccidtont h:is occurn.d and or wh .... t n1ture. 

The lticturc. on dLlnonds by rtrthur Vic.rthnl ... r, Proft:ssor of t.rt '.Ind Art 
Educn.tion at tht.. Uniwrsity of .iisconsin , ;;wu t.h1;: old prof.,s11ionllla as well 
ae th1.. :\o"l,teura 'l full story of cuttin~, '.'linin!_'", 'Lnd the r.cona:tic picture of 
t.hi.. industry. 

The presidC;nt., !I.rs , H~y, prtscntcd ht:r officers Md ccr.nit.t.oe 
ch'lirmto-n '1lld paid tribute to th(;:J in pottic f'lshion . 

Mr. Hewn.rd KniHht, t.h1:. m.v Ftdt:r'ltion pr1:.sich.nt, 'lJlc!. his officers wi::re 
introducud. Th ... y, too, ioror .. givtn acbonisln.,nts 'l!'1d c,ncour:ige:111mt by th><t 
p!\St. pl"'C±Sident. The. 1958 Convention will b.., in thu O:h.ic1J,.ro !l.re'l., ;dt.h 
tseo:ll u host. 

We move int.o moth(.r }'C!U", 1957- 19581 with rl'nc1Rd enthusi.:Lri to C'.lrry 
fonnrd tht.1 objt.ctivf:s of our Fedcro.tion to cv ... r furth<.r t1t.:i;hts . 

The Arncricnn Federation of Min.or:ilogictl :md Gcologicnl Sooittics ht;ld 
thoir annuo.l convf:ntion meetim• :i.t Di;nv1.:r Colo, June. lJ, 14, 15, 16. 

Many St. P!!.ullt~s and Minni;'.l.polltonhns attt;nde<.! the convcintion Md 
they wore UMnimous in th<iir pr:i.ise for a job woll don~ , 

Ono of our own Society members, Hazm Ti Pl'rry, 1<ns Eloctod to the 
of!icu 01' Vio.:.-Prosid~nt for th1:.• cnsuinr y-.sr. Congr11tuhtions Hi.zen. 

Noxt yc.ars concl:lvc will be ht..ld in th~ fabulous stn.t~ of TUX!ls, 

A report on thl: su:mter field trips will be r;ivrn it SOil!.(; ti.'!le during 
the wintf,r l<icturt BE::i.son. An or:tl report on t,h& t,wo wc1·ke tit..U! trip to 
Co1oro.do wci.s sivt..n at th1;: :innu3l picnic on July 2ltit . 
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THE GEOLOGIC TIMF. Sc.u.E 
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Any historical. record thet covers r. conaidnr'lble stretch of time 

11.ust hllve some metho:l of or ganizing the events with which it is concerned, 
in or~er th3t they may be placed in their pro1Xr t1Jnc nlations vith respect 
to each other . Whenever possible, the nUClEroud incidents in humnn hlatory ere 
referred to cerWn years, either B.C or A.O . 11icre l\r.:· nleo lM'f;'Cr o.nd 
especfolly important divisions in tho story of m.'mkin<i, suC"h f\8 th€' Christian 
Er", The Dark Ages , and the Remdssnnce . 

PURPOSE OF THE SCALE . The great nll':lber of sirrnifico.nt f!Vcnts that 
hnve occurred during Hie Voilt""length of recorded Et'COlOf'!ic time hos mnde 1 t of 
portioulBr ir.lportnnce for geologists to dcviao 11 systu:i of or~rurizinG these 
events in a syatomntic wey e.ccording to their rcspeotivo time relntions. The 
geolopi c time scale hos benn devised for thls purpo1.1e. fLlthoUffh tho divisions 
a.ro somowhnt arbitrary , t his see.le has proved to be qu1 t.& 81't.isfnotory , 

THE FUNDhMENTAL LAW of SOP~RPOSITION, Ir we observe the vnrious 
undieturbcd leycrsOf-rock aSthey P.::-0 bxPQiied in the fnco of n lim,.etone 
qunrry or in tho wnlls of a cnnyon, it is immcdht6ly obvious thnt the bottom 
etr1Jtn must have been deposited first nnd thnt they fom, therefore, the old­
est pc.rt of the section. Hence, the strata must bccor.ie yoqcr and yo~er 
from the base of the outcrop to the top. This lnw of eupc;rpoeition ie the 
first and most fundp.mcntnl principle used in ol'lesif)riflFl' the rocks 11ccording 
to their relative ".&& . 

A normnl sequence of beds is often disturbed "Jn mountain regions 
vhero f?ldiDB has occurred . Thrust faults eomotim<-e oovo great thicknrsses 
of older rock fro::i fnln their oriefn:i.l posi tiona imd lecvo thC!f!'I res ting upon 
much younger formations. 'Ihe Matterhorn is e fo:ioue ex'l::lplc of such "-11 over­
tb.rust mass , Md in Gle.ciET flntional Park PrC'-Ce::tbrlnn st.rntn th!\t h11v.-:; bel:n 
push1:d eastward several Diles now rest upon bods or Cretaceous age. The =ny 
spccinl probltf'lB of sequence the.t exist in re~ion:i llhoroth .. crw1t or the earth 
has been disturbed can usually be solvod by fidd studhs end the origin'll 
succession tUscovcred. 

ERAS of GEOLOOIC TIME . There hnve been tir.10a in tht> coureo or 
geologic hiitOIY vhen oVer gr$Ct nre'l.s of tho earth ' s surfnce , mountoins wore 
formod on nn unusually gr end see.lo . These tre:ntndous crustal uphcav!lls are 
callod nrovolutions . " During such periods of continontnl elevation tho 
numorous ngencies of wentherinis and erosion ware cxtl'ElfrlOly activet , ospocinlly 
in mountain nron.s; tmd widesproad unconforrnitios wore producod , Those world­
wide pol"iods of diastrophism, together with tb(' great unconformities, nro 
used by fUlologists as nr.tural nnd conveniE'nt points for cndin~ the oraa, 
which thus become the grentest divisions of ROOlogic tin<! . Revolutions are 
recurring Gvents in the history of th!' enrth, but thry Mvc not boein evenly 
apnced in time and, os n consequence , difforont cr'.ls aro of very unoqunl langth. 

PERIODS of GEOLOGIC TIME;. Tho contin..:nts hnve been invaded several 
timos , 1110reorlee9Vfdo--iy;-by-b0dies of O'll'in£- wntlr cnllcd nq)ciric• tlnd 
nllll\rginnl" seas. These invasions htlve occurred in grti'lt cycles, each or which 
begins with the elov ndrnce of tht S€'l over the oontin.:nt 'll'ld ends when the 
lond h'ls once moro emorGed fr<lO the vo.tcr, The Cot!plct.Ei withdr..,..-..1 or a sen 
at the €Ind or ench cycle is caused b-· a brond contlncntnl uplift, vhlch often 
accor.ipnnics n 1110unt'dn-111.'lkinlr c!iaturbance th/\t la hes widespread in its effect 
thnn arc tho grc11kr revolution:; . Tb, extenslvii erosion and the rceultil'l.I!' un­
conformity, toiJothcr vith the orogeny, servo l18 distinctive time t'UU'kcrs the.t. 
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cm1.blo e<iolov,its to sep"-r~te ono pcriolf fro:i anoth~r. 

EF"ECTS ot MINOR EARTii HOVE.!ENTS. In 1ld1ition to th, grcot 
hu1vels t.'ld. re:iuit rroc-tlie l-evolUt:iOns ".nd dieturhrnroo tht"'r h!::vc bcc:-n 
t"JlllY locnl crust.."1 r.:ovei::cnts durillP, the P"-st, just rs t'l .... re llr1... tod~'. The 
region of Florid'I is still risill{!', vhilC> there hns been recent subsidence in 
th'. Ch•.·tl'\P< 'lki:- B"Y 1\N?I"., These n\EOO.J'ous -:tinor uphvtvc,Js h".Ve C'l.Usud 1\ eront 
l:l'Uly brciiks in the F,eol~ic record that arc l'ntircly loc'\l in thoir effects. 
nl thoUf!h they cOC1plic'lte tho general situntion ~nd r::"lkc H difficult to 
dctcr:"lirlt' thl'l' cxnct rolntionships between the fom"tions within th~ nrca of 
loc'.':l1zcd dititurbnncc rmd those in the surroundin~ r::P.'fon. 

SIGDlIFlCANCE of FA!fdi\L CHAllGFS. Tb~ m11ny epoiric Sot1s thnt have 
invaded thc- dit'fOI-cli.t Continents since tho Paleozoic er.'l h<1.vc boon po::it!latod 
by vnricd osscmblMes of nn1!:Io.ls, known es "fnunns . 11 V'\st nurn?ero of th€so 
OrRl\niorns died, l'md thoir shells nnd skelotons wore buriorf e1nd foosilizod in 
the slowly O.CCU!lulnting l'l!Jrine sodi..11entB. When, nt t,he olooo of co.ch period, 
the SMB retrentod widely from the lnnds, the '>nirnrtls continuGd thei:r cxist­
EIDCfJ ohiofly in tho shri.110"1 \o/atcrs th"\t covered the contincntnl shdvcs, 
whore t.hey slowly chanced or cvolvod durin<- the lonf!' oncrp:.mt i:'l.tr>rv~l. When 
tbo sons bogrui to encroach upon t.!:u: continent.a "t tho bof'inninr o!' the next 
period, or ~·clo of l!l'll"ine inv~sion1 evolutionary chrinr:es hnd p:-or:!uccd new 
fo.unnl e.BsQ:!J.b'.Jnges, which were <;:kite distinrt. rro~ t'1Qa<' of th( prccf:::ling 
period. The fo'lsils represent.in:• thesti difforont fni.rms h"VO ~{!'I coll~oted , · 
D'l.':lod, ond n.-:-r:ineed 'lcoordirw tt. their propr:r str~rtit:rnpl'!',o pos.itions, Thoy 
ore ctllcd "•,.kx" t'Oisils, beoC!.US(; enoil os.'lc!'lblap1 ri:!prcsonts thr o.."li=l'\ls 
th'lt wero chttr.tctor.i..stic of o cc·rtru.n period of pcolOf;iC til!i~. 

F.~_C'i.1_ C?f :::£_(11~!_: _'IT~ The pt.rioda nrc 'lividc-1 info 4"poclls ".nd 
those C"'.1."lparotivcl,y small divi~~ons of ~cologic tir:c ore dd.timi>icd by f'linor 
nn1 loc"l brooks wi t~n e"Ch period, such ns ~P'h t bo produci:d by o tccporro-y 
witbdrolf'lll o! tho s..c. froo cort<rl.n nroos . 

SJS_~,__SEJiIES___,__and_FQBMf',TIO'lS . iUl the .rocks of n eeolOPic period 
are 11roupc-d to~othor unde.r the ne::ie of a "sysY.1'11

11 \.lhllc those of on epoch ore 
called 11st.ries.n The rooks n:prasenti?li! still IIl!IP.ller divisions 'll'i:I referred 
to aa "fomtttioos . 11 

Tho ruadily accessible portio!'I of thf1 ~oolopic r<Joord 1.o found in 
all tho rocko that aoke up the outen::ost port:l.on of the C".rth 1 s crust. Some 
excoodinr;ly impart'lnt ohr-.pters in this story occur in the ('.rent ::iuooeesion of 
scdir.lcntl\ry formations in which is fouud tht history of plnnt t>-:id an!Mal life 
throurh mnny mi)lfons of yenrs . Nuoorou1 othf·r events 1n thr roloric history 
of the £inrth nrc olcnr:cy re-corded in Vllrious kinda or rocks. Gr.oisscs, schists, 
and truncntro folds tt•ll us of incrcdibly pow.::rfu) Cl)lllpross:fvt forooo th'l.t 
once heowcd up the crust of the enrth into V'l8t r.v:iunt'lin r"lnP.;es, which were 
gr'\dUttlly worn 'l.W'\Y by the slollly ":CtinP' forori-: of Wt 'lthrrinP' nnd erosion. 
HMvy beds of conr,lO!llor-:te often rcvP"l the fol"'!"r erls~ncr of steep, rocky 
shores 11nd avi!'tly flowinc; strafll!ls . Cor--llinc li'1ostonocs, t·vcn thc~b they 
occur in hi~h lr.titudcs, ".tt c. rc:tl.ndcr of cl~'lr, v-:m, 'lnd ev~n tropicnl seP.s. 

The- gcolofic r.::cord fer SUl"J''!.SS(S all books in the unli..'"litod varlety 
"Jf infomr.tion th~t 1 t cont'd.cs r_nd in the auprc:n~ inportlll!cc ll8 'l .,'\tUlr of 
rccoMd history rni' '!B a '.'le".ns of undcrshndinc th( pr;;aont 'l?ld of forec'!Bting 
the futu~. 

i 
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FRl.G~[F.;m,R'' NII.TORE of th;:, 
0

RFOO~!J. Th.:.rc is M plr.co on e'lrth where 
I\ comploto record-or R.Il t6c events ~in F:colop,ic history h'IS been lo:tt, o.nd 
there is no possibility that "X:lre th"n ,.. sn ... 11 p'?.rt of thf entire story will 
ever bo know, Tho infon:..,tion thnt ecol~ista poss .sa 1a "In r.ssor..blq:~·e of 
fncte th"t hcve been gathcn::d fron ell pt'rts of th~ vor)d es n result of studies I 
cndo by thousnnde of workers. 

I 
UHOOllF'ORMITIES. Since the very enrlfoat oroa, V(l.'\thc~ .'Ind erosion 

h'l.ve beon cOns"truit1ynCung upon the aurfnC<l of the c'lrth , bro'lldrw up rocks 
nnd C'\rrylng the frt1gl'!Cnts, hrgc an1 S."'.!'.11, to new plc.cos . Although t.hc J\6Cn­
cica usu'\lly work very slowly, c.fter they h:we been opcrntinc, for milliom• of 
yer.rs V'lst oount.'lin ranees r.lllY h'lve bccn rcrioved, 'lllil thus n p:re"!t pnrt of the 
gooloric record cny hove been destroyed. :.11 thu doetructivo forces thl\t h'l.VC 
been nctivo through the o.gce t-.re responsible for th<· rr:novnl of thouannds of 
foot of ip,ncous, serliccnt'lry, 2nd Mctnr.orphic rocks; nnd

1 
c.lthough orosional 

ronntJ.nts mi:iy bo loft in c. few places, those pnrte thtJ.t hnvo been carried nwriy 
Clln novor be recovered. 

When roc)<s rire wenthtred 'md trnnsportcd bit by bit to so.,e other 
locality, they r.irc furnishing ~'.ltcrinl with which to wr.:lto now cht.1ntt-rs in the 
geologic history. Nriture 1s forces nre thus eom1tnntly nt work tcnrinp down in 
one plnco nnd buildinr up in ap.othor - procossc,s th,.t hnvo been goin1t on for 
countless nges . The 11rer1t nunbcr of ero!lion':ll uneonforrdtios found throur,hout 
the different rock section!! in all p.-:.rta of th, worl!l nre ovirlonce of missing 
pnges - aomctincs, trl.ssing ch'lptcrs - in the story of th~ fl8C:8. 

Lr.CK of Pf'.I'OS!TION . Gcolopists nrc ~cr.tly dcpr:ndl.'nt upon sediocnt­
nry dopor.l.ti"fOr intOrm.--;.tion about the pcologic pi:ist; thoro fll"O brcflks in the 
record 'U1d irlportcnt parts of the story :i.v be cdseins>. L'lrgc.1 c.rers in the 
at,.tCt of Florid~ arc now only a few f;:ct above SC" lov1.l . Th..,so pl->.ces nrc 
neither ncdving nny inporla."l.t qun."l.tity of scdkltnt'lry nr.tcri".11 nor being 
subjected to vigorous erosion. This condition h"IS Oyistcd since Florid'l. 
nppenrcd llbovs the sea, several :ll.llions of yi:;'lrs '!go. Such '\ lrtck of <1cposit-
1on is due lnrgcly to the ft>.ct thnt th ... ro is no eoureo of adic,nt !\vnilablc. 

In Michigll.ll nnd ttu;. ncighborin,-:: stc.tcs, no v.:-olovic record is known 
for the cntiro Hasozoic. era or for al.'"!Ost ."'.11 of th~ Cc.nozoic cm, prob"lbly 
bcc'lUBO no npprceioblc qu·intity of scdincnt.J rcprcsl'.!ntinv th1.so C'Ma w.,s ever 
dq>ositod in the Gn"t Lti.kcs nren, It is thus itlpo:o:sibh to write the. Mt>sozoic 
and Gcnozoie j;'!'c.OloFic historJ of Michi;Jtm ~n..i its nd,qhbor stntcs. 

OLDll'.R ROm:S ,,_RF BURIED bcn.;,c._th YOUNGER DF:POS+'!'S, Wherever scdiment­
llry or ir.nOoUs~ rocks CCcUT.i.uhte, l::iiiiCr-·On biid Or b€n•r.th the son, thcy "1-
weys COVtlr up sane older deposits, which evcntu'llly l:"\Y be doopl.y buritd. In 
this wny o forge port of the: geologic record is concMlcd nnd hns bclCl'.ll'lO • .., .. 

inoocessibl{.), If nine shafts peMtr.'1tc some of th~ flooper fomntions, their 
proscnl'"I "ll'\y ba thus revealed; but undor such conditions,. n thorour:h study 
of the rock ill inpossible. Drill cores oo,v brinp up fron thoustmCle of lcct 
bolow the surgoco sll!l'ples of sedioents cont"lininp: i•knttrkblc fossils; yet 
no grent "lr!Ount of inforn.ntion enn be obrnin,.·d fro:i such &r:'l"ll qurintitios of 
1?10.tcriol. Even such cleep buri.1.l is not nocesaru;r in order effectively to con­
cenl the rock, bccnusc geoloclsts ~e usutlly :'lbh to OX'ninG only those beds 
thnt n re r\Cturi.lly eYpOsed nt the surfo.ce. 

MllflY of th .. best outcrops of rocJt nr.: foun1 ifll1un.rrir.s or 'l)Oni:' the 
walle of CtUzyons, whero only ihc cdpcs of thl V"lri,,us str-ito C"n be ntuiied • 
.l thorou;th •xcoino.ticn of the various bed$ h ?bviowily i11posaibfo U-"lc:'er t..liese 
conditions. · • 
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META:flRPHISM, The powerful forces that cauao n;rion,.J. f"Ot"8;ryhisn 
oey alter lJierOckS-Over e ~e 'U"E'l so profoun1ly th<i.t t.hoir n11ture will be 
Co!"\Plotely ch'lllp:ed . Whil _ this doo:s not Q'1;:1tr'J)' thi;: rock itself, tbn orifinal 
record is either obliterated or rcndel'(ld so obscure tMt it cnnnot be rMd. 
Fossiliforoua shill.cs ooy be changed into schists, nn<t oll traces of th'! o?i?en­
istLS llr& then destroyed . M.an,y ~stones hove been 11ltcrod into nnrbles, vith 
the roault th.at the fossils they contnbed nro nenrQr alw"'ys so distorted as 
to h11.ve lost their value, 

RJCK OUTCROFS THAT Hf.VE NOT Bm STUDIED. Ono very obvious reason 
wttv lmowlcdr.O oF gCo1oP1c ~hlsfu-cy1SSO-:i.rico"'lplete lits in tht f'\Ct th"Lt not 
ail tho occ:e;ssiblt> rock outcrops hr.ve b-<:-on atudhd by p.colopiotll 01n"I that r.iony 
of then h:wo been CJl'.ordnefl only superficially , T~o °'"Y correct soo.c of this 
d£fioicncy. 

_CX)TUU::Lf,TION. When n study is beinR mdo of t.he rocks in o. cortrdn 
r.rcn tht· f"CoIOiriflt ·muSt detcrnine th;; pl\rticulnr poM.o1 durinr which thc beds 
were deposited anrl' d18oovc r just how closely tho V'l.d.oua outcrops arc relP.ted 
ono t1> nnothor. Comp'l.risons will clM bo t'l'\Cfo wit-h fornr..tiona of tho some !'.ge 
in other regions . This process Of conpl'lrinP' one; OXpt')flUro with !'nother in order 
to rletomino thdr precise rclF'tionships, including the ".fiG equivalence , is 
known ns "correlation." 

The iteolopic history of North 11.:"ltricf', is cndc up of 1nfom'lti9n 
discovered by grcr-.t nunbcrs of gooloPists workin;t in rvtny different localities; 
nn1 n.11 the ov.:.nts in this CO!lplex hietoricril rcc:>rrl h'lve had to bo corrclnted, 
or plnccd in their proper age relations vith respect to ono another. 

KETJ:PT,)$ pf ..91..~Id!:!l..Q!! . By Litholo.dc Sfrdlarlty. When several rock 
outcrops within 11 e!ll\l.l arer. hevc very siD1ll'lr litboloP'iC chru-acterietics, 
thty "lrO probnbly of the S!llle ege r.Irl ~· pr'lpGrly be correlt\ted . This ls so"lC-
ti.Clea the; only r!etho'.! of correlation th.'!t con be used, prirticulf\I'~• in the 
C'leo of irneoWJ 'lnd DCtan'lrphic rocks where no fossils nre pnscnt. CoM"Olt\tion 
by· IX'MS or llthologic si::lll.nrity h!'s little valuci where the outcrops are fc.r 
nport , bcC'l.WIC roC~ belonf!ing to widely sopnMtcil pcri<:da of tiL'lc 11.re so!"'.e­
ti...,ca fol.md to be alrost identicl"li 11 tholoeicnlly , 

aarvo to 1~i~~~!~r:ia~~::c~~ !~1!~~~r ~~~~!~~\~:~~1!oc-
tione, oach 100 foc.t thick, nre foWlil in the t:anc rq;ion . A cor.ipririson of these 
aoctionn shows thtJ.t they nrc ~ry sinilnr thmueh-:Jut , Theo sane kind of rocks 
are found in both places nnd t he beds follow cnch other in the s~o or1er fro1:1 
bottoM to. top.All the peculeriti es of litholoP,y in ono section aro found in tho 
corresponding lo,ycrs of the other . Such strikin1-t ~inilnrity is strorlP.' proof 
that ~he rocks in the two exposures were clrpositcd nt tho stl"lo tine . 

Thh nothod of corrolri.tion nt\)° be ucod oven thouPh thn eequoncos. nre 
not cxnctly''thc stJrK?. It is possibl.€ thnt certnin bo~s mi(;ht bo miasinl"I from 
ono sootion, cithor beer.use of erosion or bocnusc. of lnck of deposition, yet 
tht> gcncl-nl SDquonce of stratn would be very nuch nlikD. 

A cart"\in wdl-dofincc! lnyc;r, vith cns!ly r()cor-niz11.ble Ch'lMcterlstics 
ia aomet~os found in ~ ntribcr of different outcrop!! , <'1.nd, wherever this stratuo 
occurs, it· alweys ocoupits t.ttc Bnt!O positbn in tho section vi th respect to the 
othor beds. A horbon .onrkcr so consistt..nt is oftt.n very useful for purposes 
or c::irrdoti.on . 

By Continuity of Outcnp. I! n ccrt.,ln outcMp of rock con be traced 
1!8 o continuous exposure fM:l one place to onot!:F r, thfn it is l"lenrly of the 
8".0c ~go through'lut its entire extent . Tids is " very u:'l.ct nothod of correlti.tion 
whort·vor it C'"lll be used. It is soneti:nE"s c::pl"Yc" in C"nyona or nlonq- river 
v11llcys, where exposur.::s ~ extend for scvcrM nilcs vithout e brcnk. 
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a,. Mcrms of Index ?o::;sils. F.'!ch om of ~ho P"ooloric P'°'rio1s '!bove I 
the; Pro-C"nbriM 13 ch"r~ct.:rbud by 'l c, rtriin foun!'.l csse.-.blaf-,'1 cliffu..,nt 1 

fron th':'t found in "J'JY othE:r pt.riod. Such orr"ni8f'1e , which - ns wo.. n~ve noted -
'lro c":lled "index" fossils, f'r<! used f::ir purpo11cs l'Jf c-:irrelriticm, capccirlly I 
in for!lo.tions of l'\"\rino origin, whore the 8".nO kind of fossils h•wo n vid.o 
distribution , Unifom cnvirono~nttl con>\itione rrcvrdlod throurhout e,:,vcrol of 

!~:i~~c!~~~:: ~~'l!i~~~~edwi~~Ghs:"~~1\lh~d~~~~ e~~~~o~~o~~~. I 
Such fo~s )Xriit C"'rrelntion o-;cr diet .. nccs thri.t rll'C' a.lmst C•>ntin,:nt wBo ! 
nM, in a. few C'lScs, £vcn inter-.ontinr_nt'll. 

The truik of collcctir.-: an<'.1 ickntifyinr the f?:isils th~t represent 
tho fllunos of the: 1:1ffcrr·nt pcr"Lc<ls h'le been l\Cco:iplishc1' by tl":V rc,.,lorl.sts, 
WC>rkinl"' in 'l.l.l p"lrta -:if t:ic wor 14 . 

W:Kn this ::icthlJ"I of corrolnt!on 111 used, it is not ncci:asririJ th"'t 
precisely t:hc. sc.'"to r,pc.cica of fr,ssils 11nriul1 occur in o.n the locril1~1cs thnt 
arc boini;t co--1p'l?'cr.. l;ilir>h~;ly d:i.r~orcnt cnviro1nrnt:"l.l eti:'!-iitil)ml iiph« have 
odstcd in on1. or the plncos vh~.le th¢ scdirn::nt w11;;1 !\cc1.11r.ulntinr., thuo caus­
ing ninor faunnJ d1ffor('ncos . A S'l'lll nunbcr of fonsils th'\t nro hit;'nly 
charnctcr:lstic of n cortnin fol'!!l<,tion nro better fn· pur_c:nscs of corn.111\tion 
th"'\ll a 111rgc ntEiber of orraniso:> whose cxnct posi+.J.ons in the rel)logic collEln 
arc not known . 

It is posoiblc to cst'lblish n rel'\ti1nsX'p between dopoaits tMt 
vero l,,H dwn upon the lr.n'i end r:ithers thi:it ..rorc t'lrne j nt the 3"':'10 ti:lO' in 
the se'l , if both C?nt'lin fossils th~t "'r" k:1~wn t.:· be of th, BXle fl(!r 1 even 
thOU£h th!.. Orf'Ulis::lS in the two pl'l.CCll llrt quite diffC:r(Ot . 

DIP'FIC!Jl.Tl55 .of Q)fillEL!ITIO?l . Different Contc"".pr>rr.i.nMua F'\un'l.8. 
The corrclo:itfun - ')f C~n-tinrnt..-U 7cpo8its is &o"'!C. tbcs diff.!...:ul t or lvt·n i.""­
possiblc bcc'\usc divlrse cnviron:::cnto.l c-,r.ditione of tho lnn'l. tturin~ the pttSt 
often eiv<l rist to different cont~poraner>us fnunrm in lr'IColitioa th'\t \l(.r<J 

close t'Jgcthl'r, A plentiful supply of rt'.'J.nfr.11 !'"J.r:ht pronuco n he· vy f1'rcst 
fMWth on on( sirlc of n count:tin roru::c whik, nt the 3".r.C Um, scr-.1.,ri·l 
conditbns on the opposite, sine woul~ cr:iusc the sprcn•l of ?pen plrin:i. The 
kinds of 1'nic1~111 f?un1 in these t"iro rcfi'lns shoulrl n..,rrill;; bo: q'.lito diff,"'rcnt -
1l. f'\Ct th"\t "1r,ht Lad b D!ley r.lifficul.tios in COM'Cl"'.ti'ln l\t " l'ltor tine, 

Proof o;)f Contcripornneous Deposits . outcrops th3t '!.r ... a'\.i<.l tn be of 
the s"ne ~g.: n"Y n.,t b'- contc:ipornncous with cm.ch othl.r, AC• rtrin <"kposit 
na.rlc duri11P, the onrly port .,f nn epoch '."li<"ht c?ntn.1n n fnu.'1.f\ very oinil.-.r to 
th.,t of Mother deposit bid dovn consiner'\bly l'lt._r, a.."ld the twi torr..ntil)ns 
voul~ proOObly bC' Ct:'rt\:..J '!.ttrl, It is usunlly vmy rl1.fficult, or avcn in­
possiblt , to prove th:'l.t two or lllJr;; fornntbns W· r•· dcipositc.d t1t exnctly tho 
sane tinP, 

Tho "bove nrticla crtMcto1 fnn thr bn'Jk 

HISTOiUCAf, GEOLDCY 
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