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Professor Williao C, Dell has concluded his course of 17 lectures on 

I !!;:e~~ry i:0~~;edT:ii!::\!e:::i~g::t a= ~::!s~~~;io~ ;~o~~.~~ 
and given to the University by him, The running description of the olldee by 

I Mr . lla.yden, and of th.e geology by Professor Bell vas unique and very m'U.Ch appre-
ciated by everyone . The popularity of Dr, Bell 1 a lectures is attested by the fact 

I 
that the average weekly attendance was 90. Dr . Bell brought to his lectures a 
freedom of address and r epartee which enlivened his loctures and ciade maD¥ friends . 

~~~a!8!i ~~ :!~:~: :~c=~ i:i~~!~:!1 t!:v!:~=~~! ~~ b:!~~~~~: 1 ;~i:0 i! :: 11 t- 1 

I 
tle accomplishment . We extend to Dr · llell our sincere appreciation . l'fe now look 1 

forward to next year when wa hope to have a course .on historical geology ~ I 
Our DeLuxe Field Trip this year will coincide with the first annual 

I 
meeting of The American Federation of Mineralogical Societies , to be held in Den
ver, June 13th to 16th, Professor Richard M. Pearl of Colorndo College , and Vice 

~::~n!f 0ito~:=s~:!: 0:! ~:~~~ai!;:e;: :~::~:~ ~~i~~;a ~: ~=o:;1!~!t~~r:a!e I 
I ~h=~~b~~~r:~pr~~;t~!i~0:1:! !~s:0::n!!~:~dana! !:!r!~~~y "!!1 a~:ui~ ex- I 

cellent specimens , Incidentally, it will also give those who attend an opportun
ity of o.eetin& many people interested in rocks, foaaila , crystals , lapidary equip.-

I
. ment , etc, , as well as many Editors, Authors and Professors of Geology . Don't 

ir.iss tho opoortunity if you can help it . You will shortly roceive a special no
tice regarding the trip . Most of our oembera vill go by bus leavir18 Minneapolla 
on June 12th. Resorvations will be booked in tbe order in which the;r are re-
ceived. with ;rour doposit of ~10. 00 . 

l Our Held Trips Co:aoittee has beon activatod vell in advanco of the 
necessary time . Th.e Bulletin Board gives a Hat of our &Wlll:lor fiold trips . Vo 
would say , it ia positively the best prograr:t \to have ovor boon privilogad to en
joy. Trip leaders Yill be announced later . Tho field trip program is equally as 
important as our lecture program. Thoso trips give you a roal opportunity to en
joy geology , to become wall acquaintod with your follow mombora and to dovelop 
f r iendshipo which aro lasting. It also gives you an opportunity of applyi~ your 
k:nowlod&e of geology and of loarning much in the fiuld , You will benofi t t;: r ent
ly by forming the habit of attending every trip and permitting nothin& to inter
fere with your attendance , 

Wo vill bold our annual banquot, auction and aloction in the l!anquot 

I 
Hall in the M1nnoapolis Y. U. C. A., Monday, May J , 1948, at 6: 30 O' clock P. M., 
A more specific announcoir.ont will be made in due tiae. 

Sinco printing tho map containod in this iaauo ahowin& the Continontal 
Sh.olf ot tho Vost Gulf Area , the a.nnounceoont has baen mad.o by two of the ma.jor 

I oil co1:1panies , actir18 Jointly , of the succeeaful cO'DplotiC'n of a 900 barrol pur 
, day woll producing at 1700 fuot, located 10 milos .:iff tho Luuisiana Coast , This 

is tho first producing well drilluJ out of sight of land. 'i'ho drillin& was con-

l~uctod from ~ ·=~ 'hl~d" buil~ on p~~': ~~tho location. - - ---



-·------ - - - --, 
G::OLOijY OF G'JOS3ll:ER.'it~ S:'A1:: PA...':lK - _ 'l-. 1:. S=1~'2Z, ~d~ 

7hc north shore of Lake Superior fron lhluth to Grand Port~e Isla.'ld 
iD ur.d.crlnid o.laoat e1.t1rcly by a series of lavn nows and later intrusives of 
ai;;iilar composition . :'hese are of Xeweenawo.n age , and i r. fact represer.t part of 
ti.e so.ae aeries ef rocks that are fou."ld or. Xewennw Point o:i. the south shore . 
:here ':he ro..:ics dip to the nor~west or. the south limb of the Lake Superior s;tr..
cl1nc a:r.d in Hinncaota they dip to t'.-le southeast owing to their poaitior. on the 
north limb of this great structural bnsir. . Gooseberry State Par:C therefore s:wws 
exposures of lnva flows which dip gently toward the lnko. Gooseberry ru.v r has 

~ua~:n~r~;::s ~~o~!c~o am!!~~. b:~s~r~:g~~ ~~~:e i:"!:r~!~~n~ t~=~i~~a~!o~t f;1r- I 
ly good flow throughout the year . 

.1.'hc llllid rises rather rapidly from Lnkc Superior 1r,land to as ouch as 
)00 fret nbo"':">! lnl:e level at tho hilltops in tho northeastern portion of the pa.rl: . 
About where tha Gooseberry 3.ver enters tho JlO.rk it begins n scric11 of rapi<'.s e.nd 
fv.lla that ''rop the wnter 60 feet within about 700 feet . ':'heno arc referred to as 
the Up'f.lr.r Fnlls nnd in common with the Lower Fll.lls a.re ll rcsul t of erosion of lava 
flov11 . :Below thn Upper :Fo.lls the river runs in o. low gorge With rapids separated 
by quiet wntor . 

The Lower Falls is a series of separnto fnlls with the ui;percost just 
nbove the bridrt' for High..,'D.y 61. :his has a fa.11 of nearly JO feet o.!i.d is followed 
just below t~e brid :o by the midd1e fall n.lco about JO feet. :BclO\f this fall the 
riv r splits a.round on island and drops over two falls with a total descent of 
about 50 fret . 

.. 'ho crit;in of those various fe.l~.s is perhaps the i:ioat intereatir:r feat
ure ef the park . As previously noted the rocks expoa<>d in the i;nr:: consio:t al
r.ior~ e:-.tirel;r of basnlt lnvn flovs . :'hcM flows vary i n thickne"a frOI:!. one foot 
to bt't~10en 6o and 70 feet. Robert Grogi?..-. :ia~·!~od tiie geology ir. detail o.s a CCC 
atudor.t tet"hnicinr. fr, 19)? and cow:.ted 19 flows from tho ahore to the point 0!.ere 
the river er.tern tt:e park . 

':he Uq·er i;arts of lava flows are ormally vosicuL.r ovi!".g to cas b"u.b
blen rising i:-. the c.olter. rock and collectin& ber.cnt'.1 tho upper chil.led scUJ:t at 
~he aurfa=e of the flow. Often the v~sicul.es becooe filled vi~h v·u·ious clnerals , 
suc:1 o.s aea.tc, ar.d nre then called o..::1ygdul.es . Usually tho vcoicular port ion of 
the flow is much softer o.r.d more oa.s1ly eroded thM the massive p:~rtion . ::'hcrt>
foro, vhen water flows over a series of flou£ it tends to erode the vesicular por -1 

: tion of a t;ivcn !lov more rapidly tha:i the mo.ssivo rortion of thC! flow above . 
! ~'hin dcvelors o cliff and as it is ur.dcrcut t,.r,ds to break off in le.rr;e bloc::s , I 
! thus r.mintainit•B a. vertical face over whic:i the rivPr plunges to forn a fall. It 

1 
followri that oach fall represents the rio.osive port.ion of a flo\'! . '.2hus five flows 
can be counted in tho Lower Fo.lls . '1'11e flow forming the u per fnl 1 displays fair-1 

!~e;r.!~ed~~~~~p:~d c~~:~~ ~~!:!i~~t;~:~ t~~ ;~!~~a 1~ ~ l~~o 1 !t!:~~a~~d t~cg1:!_ I 
vdoi-ed pot holria have formed by the Wirlint; water in tho rapids. 

»elow the falls the rlvli'r has eroded n sizeable dQprcssion around which 
Lhe riv r ewinr.a in a. lorr,e o.ea.>ider . She co.st sido is Qf:ninst a rock wall 60 feet 
hi,gh with n tolue elope at the base . Alont:: the lnko n nearly Vl'rtical cliff is 
l!Ooi:,\ni~ed by wnve erosion ot the base . :be W1'St aJde of the riYcr is largely 
r.lacia.l drift and lake clay ar.d the aren is much more 11.:ceesible nr..d has bcc.'l ut11-
hod for aer•ice to the public. 

':'he beach gravel near the mouth of the river is a good place to search 
for orates olld other pebbles of interest. :'ho e.e:atea a.re worn out of the Ar.ygdcl
oidnl toi:s of thl' flows olong shore. Other ainerols such o.s calcite , MOlitcs , 
quartz t'.nd cyidote also occur in the a.myd{;ulcs and. veins i n the lava flows . 

:S . r.::::cra.r,:: E. S'."h-W.Aa:'Z is i!irF:"ctor of tho Minnesota G-eoloc i cal 
3urvey , University of Mir."l.esota. Bcyrinted from the ~onserva.tion I 
Volunteer . 

--::::=.=--==-- :;;... _:-_:- - -= =--....=.;::-
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BY :BW lrJR llILSOli 

• w- 1·1 
I 

:::DI:l').H.S li()T;: : At the mnncapol1s meeting of tho !Hdwost Federation j I I of Q.cological Societies held in O:::tober 1946 , a resolution was adop- I 
f ted plcdgi116 the Federation to the o.ctive support of tcacbir~ 11Earth ' 

I 
j Sci enc;; . i~c~~:o S~~o~{' S~~;~:U: f~~ \~::e r-~~~~cov:f ~~- r.eolo&y' j I 

I
! University of l.finnesota, has long beer. active in sponsoring this Fhnse : . I 'I of the subject and at present is serving as Chair..llln of the llo.tional I 

1

1 "comittcc cf the Ooolcgioal Society cf Aoori,o,cn O.olcgic OducnUcn. II 
head o~t:t;:;::!~n!c~e~a;~h ti~:e~~::a~~tJ!~i~~ · J~~o:U~o~i!;~~· J 

11 

Jol let , Illinois. J.lr . Wilson is also Presidcn t of the American i'cder-i ntion of l:ineralogi~al Societies ar:d :past president of our own Midwest. 
Pederatlon of Geological Societies . l'.r. Wilnon is porsoMlly know 
to r.'ltlflY of tho members of our Society and enjoys a no.tional reputation 

I no a 1.co.dcr in this subject, as well as author of man,y articles on 
Geolo#'ical and Hi!l.crole&ical subjects. 

I
I Er . WilBon recently published the follo\oling article in the 
I :::a.rth Science Digest, :Box 581, Ann Arbor , l.Uchigan . We reproduce the 

I 

' article hero \olith permissi on of the Author nnd Publisher . Tho article 

I 
is very timely and we congrntulate JJ.r. Wilson , ns \olell ns ~th Science 
lllgoat, for brir.ging the matter so forcibl~· to ou.r o.tt.ention. 

A queatior. which we are frequently asked ar.c! one \olhlch .,,e ofter. cull around e !~ ~~r~~~~ i~~ o~ !~s~o;ec::..,~!\~~~;~c:n::~~ t~;"~!r!~ ~~~o:~~~~~~h~~s, 
that 1 t la lorgely bocnuse those \/ho are sold or. it and bcliovo in it cost thor
ou.hly do not, as a rule, go to bat for it and put up n fight to get it incorpor ated1 
ir.to the school curriculu.o. I 

Ir: ai:ite of tho fact thAt it is the cost Onnic of all sciences , w.d the one I 
which could contribute moat to the culturol welfare of tho individunl ir. the field 
of ir.telliger1t nr.d useful livi:ic; , educators in general sit c~lncently by, seem
iJl#t to be \olholly unnwnre of its grent possibilities, nnd , therefor .... , do little or 
nothinP, about 1 t. Thia condition must be speedil:r cha.r.ged. ?he prepLLrntion for 
cHb.cnship in n 1:1odcrn world demands it . 

It appears to the writer thet the greatest stumbling block to iClCledinte 11ide-, 
spread introduction of 3nrth Science studies is tho lack of adcquntely trained tea
chers in tho field . Ir! ou.r own department at Joliet where , for e:itample, over n 
pl'riod of U!nrly fifty yenrs, we hn.vo employed on an n.vnago, about ten full time 
instructors , many have hnd to be trnined within the department itself . Here, then 
it neems, is n definite challenge nnd problem to vhich we muat look to our t~her 
trainir.g colleges for aolution . 'i.'herc an l!lMY who feel that in the 1macdiate past, 
pcrhnpa, too cuch attention has been given to the so-called frills of populo.r edu
cation, nt the eXj!ensc of other more stable subjects , which in the long run eight 
pouibly accomplish a great deal more good . 

":rdkw .. do 11
, that in ::arth Ki.owledt;c, carl:r became n favorite subject in the 

:.;~~o~~w~!c~~~;· s::n r!:!~~e i ~~~t o~rih~o o!h;~o:c!::~n s~o;:;o~:dihe I:e~;1.;;un- I 
schools are cori:::erncd . Soir.o think that this was partly due to the unfortu.'10.te uso 
of the r..!l.':\e I'hyskt;ro.p.hy, the meaning of which, not being well understood , caused I 

e ~:~ ~~!:· ;~e;~!~ ~~a~n!n!:t~~:0;:~s!~t s~O:~s f~=c~~~o~~b;~~: · c1::1~0~=~inos 
the modern subject nnd brings its true .oen.nint; out into the open . This seeos to ~.a.,·~ 



r:: wholesome effect upon its rapidly increasing pop~a.rity on~ acc~;;.ce~----==-1 
~th Science is a comprehensive, composite term which embr aces nll such sub
eoncerned wi th the physical and dynamic i:arth . '.alia would include physic-

• 
graphy, geog:ra.phf, and certain phases of the geological sciences . It ls, therefore, 

~~e 1~; ~~:t=~~~=te:!i~;b~:c!~e a~~e b~fr~~:o:0~~ ~~e~=~;r::r:::~~c~d 1~e~:t;!!!~el 

I 
school curriculum . It , too , is a subject which lends itself readily to any and I 
every local situation , a.'ld one need not go far awa,y fror:i his ovn clnearooc to find 
l:L3-"1Y excellent exa:nples for study. In tr.is respect, it has for cost students a 
great carr7 over value into t.hoir ru:tual li•1in;; experience , which 1a o.lwnya one of I 
the best recommendations for any subject . 

While we feel that nothing need be said in defense of !.o.rth Science , we do be
lieve on the other ha.nd, that it has a p;reat deal to recomocnd it. To bct;in with, 
the :'.arth being definitely our home , in a larger scnao , for the duration of our 1 

natural lifetime , we should come to know it intimo.toly from every posaible o.ngle , 
Just o.a we should want to become fully acquainted vith our own local hocio nnd its 

I 
physical. envlror.:nent . ~rou,gh the stud;.· of Earth Scicr.ce, we should arrive at an 
awareness that ve actually know the !.a.rth, a.nd likewise into a rcalizo.tior. that we 
a.re a po.rt of it and it is a po.rt of us , nnd that va should live in complete harmony 
Iii.th it . 'This in itself should make for bettor and core satisfactory living. 

Furthermor e, we are indebted to the :=:a.t-th fo r all of our natural resources . 
In other 'dOrds , for all that we are , have, or co.ke use of. It is that vast storc-

1 

house from which we derive , either directly or indiroctly , all of our food , shelter, 
and raiment , as well as our oil , fuel , buildin& r:1.o.torials, nnd the rnw materials for 
all of our industries . Is it r:ot natural to o.!"suce, then , that n.nyoM who goes 
throuth life without a true understandi~ of all this ar.d how it clll:IC about, 11uct 

:~l~~~e~;~~;yp~~!~:p~~dli~e~is ~~~:!e~: ;~a!~::~~~~ ~~/!:o'\~~~!r~:i end I 
I adoption of an eleccmto.ry course in :&:i.rth Science ir: all secondnry schools. e Aside !rem these bcr:efits , there n.re other core ac:ide:nic reasons for which I 

would reca:u:iend it . As an orientation or beginning course on entering hi&}\ school, 
th<re is nothing that co.n equal it , It has in it tho olcoonta which involve rco.d
if'.g w1 th underato...'l.C.ir.g B."!d CJ:Pressir.g oneself 1n "1'i tir.g vi th oxactr.esa and cln.ri ty . 
Sllerc is enou,;h in tho historical bac.lu;round of the subject to cre11tc a vholea~o 
interest in cian 1s past , :Enough mathematics is present to afford a review o.nd o. 
reasonable pr01:1ise that 1t will instill 1r: the students a reo.lh.o.tion of its i:rac
ticability , for which ma.nr at that a.<:o car. see r.o rarticul.ar uae. 

Inaofar as a necessary introductior, ar.d bacl-.i!;rCWld for tho othl'r r.ntural 
sciences is concerned , it seems r:iost indispenno.ble , In our studies at Joliet of the 
"3arth o..s a Planet 11 and its rclationr.hip to tho rest of tho Universe , we have an 

I 
excellent preview of Astronomy. In our study of the "Rocks nnd Hnteriols of the 
Earth's C'rustU, we give the student a preliminary approo.ch to the subject of C'hem
istry. Thia io likewise done in our ttudy of tho nno.ture of tho Atmosphere and 
Ua.turo.l Bolancos 11 , which also giv~s us on introduction of l!oteorology. A."ld finally 

I 
the teaching of the d;tnaciico of "Wea~he•· tnc, ~osion, ~nnaportation , and Deposi
tion of Earth !-!ateriala" lends us a. lOJ'IG way through the ro.ciifico.tion of the phy
sical scioncos . 

I believe that we should be able to convir,ce C\"On tho moat skeptical of tho 
value and deairo.bility of cxpmding the teaehin& of Eo.rth Science . The outline of 
subject co.ttor , methods and ma.nner of presentation are things which we are not con
cer?led with ln this paper. '!he big question before us at preaont is how to get 
more Earth Science in the secondary schools, and thi a no doubt can bP. done in a 
variety of ways . For or;.e thin& , a great deal more in•rirotionnl work will have 
to be done on the part of oll who are vitally int.created , which includes epocifi-

e ~!ye!:: ::~!0f!~~e~!e 0:Ve~~:~i:i~~t~:s~OC"~:t;~:d :: :~~:~::.~e=~O O~f!: 
State Geologico.l SUrvoys and the authors and publisl:ers of texts, mai;:s, nnd other 
teaching mntcrinl.s. This is not a one aan job, but ono on which we should all pull 
together. With proper cooperat i on , the next ten yon.rs should see a. complete revcr-

, sal of the present attitude townrd :znrth Science in the aecondar__::_school of Acierica.. 
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The o.bove d146rom shows the 11 Continent.:iJ. Shelf" of tho 'i'exas Gulf 3.I'o."?tt , ?ho 
,.ontinentol shelf ls the boo.rder of the oontincr.t. It cxtendS froo the shore out
ward , genoro.l.l;y until the seo. reaches M a·•:-roxico.te depth of 6oo fl!et . Fron that 
point the lo.nd oau drops off rather sU(,i:~enly , to grcnter depths and to the o.brsmnl 
deep . 

The four contour lines s!'lown rm the dio.;rll.':1 represent nC.Citional depths of ~O 
fathocs i'lr three hundxed feet each. ~e one ?tc.:i.rcst shore re:rresents a depth of 
JOO feet Md tho fourth or last 1200 feet . It is tllglif1co.nt to note tilat the Blore 
ot the sen bottom between the first or JOO foot cC1ntour lir.e Md tho fourth contour 
lino 1a three times greater than the slore between the ahoro Uno ar.d first contour 
line . A1ao the diatcmce between the shore .:'.1.."1.C. tho 11dro!'- offn varies geatly. ':hus 
11t Corpus Christi this distance is 65 miles , at So.b1ne Lnko 125 miles and at foe 
Mhsissippi only 10 miles. The sholf 1e ::_JlU't of tr.c ill.nd ma.as of the coz:t1nent and 
r.o.a nll the cha.ro.cter1st1cs of the con.t1nental surface, although it is generall:·· 
low-lyin&. ';,bus on the ';,'exa.s shelf ehow :ibove ~oorh.rsicol CX!JlOro.tioi:s 1ndi.·a';c 
that there n.rc salt do!:les , a.a there o.re tr.i·oughout East :'ex.:i.s , a.s l1ell as other 
s tr\lc l.ural "hit;lls ", which m:i.y havo ruUl ted in .a1•.;un:t1lo.tions of !'Ctroleut'.l . i:u.::l:. 
work is beine.: done here by the <'11 coo:.}Xlllies :i.nd their hopes are high . Lc.;.:tl ti~lc 
to the eh.elf hos been cL-Uncd by both the Sta.tee a11d the !'cdor.:il G.Jvern::icnt , It is 
o1l vulJ 1nt-Tlp'lli nr .. nttrl tt. ll'l">H•'-'lll ~om: :t'\u•l;hcr study, Wntt"h this nren . 
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UO'l': : 3xcerpts froo a.'l nd'!rcos b;· '.::lti~· IL. Cocstock 
formerly Denn, .School of lanes, :Jniverolty of 
iiinnesota, at 75th Annual Convention, Amcrico.n 
Society of Civil Zne;:ineers, Duluth, liinncaoto., 
July 16-18, 1947. Repr inted froci Skill1Ms l'.iniM 
Review, July 19, 1947 issue. 

:'ho first shipment of 1:1nnesota ore ws ma.do in 1684 from vhat la now k::no\ln e' 
the Soudnn :iine near '!'ewer on the Verr:iilion r~e. This rQnBe is located about 75 'l 

80 1:1il.:!t1 nor th of Dul\\th c.nd extends froo the vicinity of Tower to and beyond tl.1 
international boundary . 1-ierchante.bl e bodies of ore have been found in but two l:i:-;..~
itieo , one near Tower, nt the Scud.an cine , o.nd tho other o.t ~ly , 21 milee co.st • .:.: . .
J.fesabi rnnge lice from 50 to 75 miles north and north\fOnt of Duluth . It oxtnnds iti 
a :i.ortheneterly direction fro!!! the neighborhood of Gro.nd Rapids to :Birch Lal~ci, oomo? 
40 mileu beyond Virginia. and :::Vele th . It hns a total length of a 11 ttle over 100 
ailes . ?he firct ship::ient from this ra.'l{>e wns mo.de in 18?2. It is by fo.r th€' srret
est source of iron ore in t.l-ie state , havinc produced 91.6~ of the total . Of the k:ru:'"1fl 
rese1·vos of ore as reported by the :.1nnesota Depntto.f'nt of ?axation 9~ are listed as 
on this ro.nt;e. The Cuyuna ra.'lge lies southue&t of Duluth aome 90 oUes. ':he pro~
t1ve portion of this ro..nt;e extends fr~ r.ortheast of :Oro.inerd to Rabbit Lake, about 
twelve 1:1iles east. 2ho !lr$t ship:::ient fron this ranr,e vau c:inde in 1911 . •..• . . 

In tho orec of 1--annetlota the iron occurs chel!lically combined with OX}',:;en. ':'he 
oXides of iron ma::r be ::1o.d.e up of three atoas of iron vith four of oxygen forcing tl:.c 
aineral called magietite; two atocs of iron with three of oxyr,en forcin& beoatitc; 
or the latter with combir.ed water fornir.g 11.c.oni te . ?he ores consist of iron o:r..ide 
together vi.th certain ll!purities ; a sandy part containing silica; a clayey part con
taining aluoina ; coisture, which !!lay eppear both asfree water or coobined vith cin
erals; and various nmounts of lice, cognesia , sulphur, phosphorus, 1:18.?lgcneoe, titar.i~ 
and per~.apa other eleoents . Ylth the hit;h cost of transportation to the smelting 
centers an ore should contain at least 5~ l'.atural iron, 811d impurities al:ould be of 
such !:ind nnd om.cunt that a satisfactory quality of pir, iron i.iay be mado in the blnst 
furnace . Asoociated \olith the ores are cherts and slo.tea. Chert iu o. cnss of fine 
so.ni grainn firmly cemented together with n. naturnl cement. j;oat of lhe snnd p-ains 
are quartz , chem i clll.ly 5102 . Slates o.rc dense, fine grained rocl:a formed from cud 
and. clay which has been subjected to great prcssw·o ruid in many cnses to heat . 

SOUDAll FO!lLArION. The ores of the Vercilivn ru.np;c occur in what is called the 
11 Soudnn forcation 11 which corrnisted ... riginnl.ly of cherty iron ca.rbonnto, banded chert 
and iron o:i:ido. S'hc orobodies wer e formed by wu.terc circulr.ting throw;h the fol"l:lation 
and leaching out the dlica thus concentrating the iron oxido. 'The orebodies arc 
irrer,ula.r nnc! lenssha:pcd . Socc of the denogits a.re connected with c:ich other, ~Jhile 

others arc dheonnected. i;any of the orebodics arc relatively deep, in some mi::les 
free 1 , 500 to 2 , 000 ft . Doth the Soudan fon:t'.tion and the o.a"oociated rocJ:r; are hard 
and difficult to drill. As a result of these fact.ore o:xploro.tion h not co.rried o::i 
to the extent that it io on the other ranges where tho forao.tions arc not so bnrd or 
so deep . Any Ci'iticates as to the acount of ore recaininJ'" in the minca are cerely 
guesses .. . .... . . 

O~::JO:>r:s OF :'"'rC '."TJYtCTA. ·:'he orebodies of the C\l¥llnB ran~e arc in the form of 
steeply inclined narrov lenses . ':'heir vidth ranges up to several hwidred feet, the 
lez.gth, in r.ooo cases , may aripro::-:i!!l.1te a nile but ao.ny Clro auch nhorter . In dcmth 
they vary from sho.llow deposits up to soce uhich ha.vo ti. depth of 500 to ?CO ft.· 
5urfo.ce drilling 1a not d.ifficul t and as a result ve ho.ve o. very good idea as to tho 
extent a.r.d quality of the orebod.ies ~mere drilling has been carried on . 



:':;: 1 :SABI !iA!m::::. The l~eaabi rnnee 11no :iot subjected to the intense foldini; 
which tilted the bods on tho other ranges. A3 a. result the !or1:1at1on in which the 
ore do:ooaita occur is col!lparatively flat di pping from 6 to 12 der;recs on the eastern 
end and from 4 to 10 degrees fart.her west . S'he nm:ie 11 llh:abik" has been i:;iven to the 
iron bearing ~ormation thou,gh the 1:1.aterial in the formation h col!l.Oonly coJ.lcd 
"taconite.~ ':'he te.conite is a vast cass consisting of alternate l.'.1.jert~ of chert and 
slate, both of which contain grenules of iron bearing material. After clacial til!ies 
the entire surface wtu; covered by a layer of /;la.cial drift, in some places a few feet 
thicl~ while in many localities the iron foma.tion lies two hundred feet or more belo\1 
the present surface. This glacial drift is n nixture of sand, #(ravel and boulders 
left when the ice finally melted end the 1!ater oade its way to lakes and rivers . '3-:c 
horizontal distance acrosa the forontion underneath the glacial drift is froo O!le to 
three miles. A.a before stated the length ie: oomewhat ovor one hundred oilea. ::.-rt.c.nd
ing on in a southerly direction the 3h'B.bik fomation in overlain by so-called Virdn 
slate, 11hich grtl.d.ually increases in thickness up to a thousand feet or core, . In the 
eastern end of the ro.nr,e, ho11ever , the formo.tion is overlain by Duluth t:;abbro instead 
of slo.te, 

Throue,h the nt;es crncl:s deve l oped at vo.riouo plo.ccs in the foruation ullo11ing 
water to enter . As title went on thi s water carr i ed away i;ree.t quantifies of sil!.ca 
in solution. It is nroba.blc that the 1ro.ter hod. iron in aolution when it entered tilo> 
foroation, llhich va.a· depoaited o.s the silica was dicsolved , thus servir.g to increa;.e 
tho actual iron content. ·~ese two procesnes vorking tor.ether have produced iron 
ore which runs o.s hic;h as SS%> iron in plo.ces . iiot all of the iron fornation develop"
cro.cka and al.loved unter to enter and ch~e the ta.conite to ore . ?he final reoult 
was Wi enonoous mass of taconite containing scattered orcbodies . Soce of these are 
ns long: no four l!liles , have a width of ho.J.f a mile and are from 200 to ,500 feet deep . 
Fro:::; this aize they t;:rade down to cia.n,y which are cocipo.ratively s:::iall ~ .....•. 

OL:...: i;3,AD::D I:!t:'!l FI'IZ ('l.ASS3S. Iron ores frow. the Lake Superior region are 

e :::~e1~e!~:~ fr!:.~B~~:::;: ~~dh~;h!:;~=:; o~!~. ~~~ ~:!e:~=e~ci;~::~ ::~:-
Hei:.abi ore• are soft and earthy. :'his desienation therefore classifies ores accord
inr to ~hysical structure. Bensec.er ores are those in which the Fhosphorus content 
is below 0.4,S~ ; i:on-Bessemer ores have a phos!)horus content bet11een 0 . 04,S~ O.."ld 0 . 1~; 
while high '!Jhosphorus ores contain core tht1.n 0.180% phosphorus. The be.sic iron 
content for all ores is .Sl.50~ natural . An ore low in silicn but vi th a hi :h coisture 
content (Lnd o. triven percer.t&£;e of iron is core desirable than nn ore with the sarn.e 
percer,tllf:O of iron but hi+. in silica and low in ooisture. :'he coisture is dri,•en 
off by the hil?;h tcopero.tW'es in the furnace while hir,h silica requires oore llmcstO!lc 
in the charr.e to the blast furnace and produces norc slog . In either case frei&}l.t 
must be paid on n. worthlesc materia:L in the ore . 

¥=''1'.Ali~ OFISS ?OR CZR?AI:T FURIM.C::JS. T!te vo.lue of any given ore to a. particular 
furnncc depends upon the iron content ; the phos-. horus content : the structure of the 
ore ; the perr.entagas of me.go.nese , silica, o.lwnina <'.nd sulphur in the ore ; the cost 
of trnna~ortatior. from Lake Srie ports to the furnncc : the cost of coke U...'!.d liocstone 
at the furnace ; ar.d the ll.tlount ar.d kLd of impurities in the coke and linestona. It 
is po:-aible then for a particular ore wl:ich would be u~eless to one furnncc to be an 
ideal ore for another furnace operating U.".der different conditions. ':'o the first 
furnac:s it would have no vclue while to ';ho second its value oi&}lt be high . The 
value of an ore to a particu.lnr furr.ace determines who.t price that fW'nace is willing 
to puy for the ore , 

m; SA!l'Lnm HIGHLY DIPO?.?.A:T? . Opera.tin;: conditions of a. blast fW'no.ce must be 
ke:i;:t conato.nt to insW'e ito successful opcro.tion . :he proper proportiom: of litle
stone and coh iaust be charged trl th the ore tho.t the ia;>urities ony nux p·oi::erly a.'ld e !;.~ ~::ir:1ar~~e t~! ~~;~;n o;c t~~o:~°!~i~~ }:~~!'~~ ~~~~~=;~n=n~!ni!:i~a~a~~ial 
quality of the ore remain wtiforn. :'his ;Jenne that ench cargo of ore covinr, to a 
1011er Lake port for a. particular furnace i.lllst Molyze the same as Elvcry other cargo, 
o.:1d also tho.t. the cargo itself uust be wtiforn throur.hout. ~o insure thnt the rnn-



ditions 1dll be net an extensive s:.·ste::i of ore smlplil16 hns bel!n set up . ~he ore in 
place in the mine 1a sa..-ipled to deternine \·.ilat ;rad.es of oro are to be loaded into 
cars. After the ca.rs are loaded they are snopled in sroups of fro::i three to ten, 
five cars being a comion unit. , that tile .'.roper bl·adeo of ore mQ¥ be sent to the dock 
to o~e up the cargo to oeet the specific'ltions set up for that sbip:ient . ':'he cargoes 
are aaopled at Lower Lake ports during the process of unloadine. Finally 1ihe!l the 
ore11 are shipped by train from Lover Lake ports to the inland furnaces the cars are 
again ssmpled . . .. .. . . 

lC~:!.:'ICI.:..i'IO~;. Any cethod of tree.ting iron bearing e10.teriol so t\8 to increase 
the percent13&e of iron ir. the t>rcduc-t or tci U.<t.!'OVe the structure of the oaterial, or 
both, is called beneficiation. Iron bearir-6 caterial falls into one of three princi
pal classes . (1) ·::llat which can be converted into merchnntablo oaterial. by the s!.:l
plo c.nd relatively inexpensive proce!:s of crushing, screenlr.t; o.nd t'flthine; . (2) " ,t 
which requireG treatment by roasting, sintoring , agglomeration , or drying throuttli 1 

utie of fuel, or by Jiggin& or by bee.vy codil.ll:l sepo.ration to cake it suitable fort.._ ·! 

furnace use . ( '.)) ':'his class co!'lsists of the nll-inclusi ve meterial ~1hich we col! 
ta.conitEI . 

Geolo,'\ists have divided the lliwnbik forcation into four r.iain divioions : the U;per 
Slaty , the Upper Cherty , the Lower Slaty and the LO\'/Or ('ht"rty. The orebodies occu.; 
in all four of these divisions . In ca."ly ports of the rtl.n#;e os.teriul requiring benc
ficiation ii; also found in these layers . l:uch experi:::iental 11ork has been done by t~tl 
Vlll'ious ::iinin,; co::ipa."lies operatir..g on the rat1&e o.nd the results of this work have :rd 
to certain conclusions . At the prcser.t tiI:lo not mu.ch can be done to ioi;rove ';hf' r..rMo 
of the :-iaterial in the tw elat7 divisions on o.ccount of the extre:ie finfmess of tl.e 
grains . Particularly on tho west end of the rant;c the eo-cnllcd 11 'dll.uh ores" ir, ~la!:tl 
l are fuund in tho tvo cherty layers . '.i'he bt>tter portion of the intcro.edio.';q ores 
in Class 2 are foWld in the lower c.":erty 1&¥er. 

Cruciling and ocreonil'lb :iay be used aerely to reduce t.~o sho of the chunks to 
ma.ken product nore unifom in size . F.ovever , it is often pctsaible also to i::rnrovc 
the grade by this cea..."ls. If '"..he i::ipur1t1oi;, silica for exo::irle , are nore abundant in 
tho chu.'l!:;s, their elil'lin.ntion b7 screeninr: increases the rercent!J6o of iron in th!? 
material pa.ssinb through the scrE"en , :'he 111"0.cll oros 11 on the we-::tcrn end of the rar..g!J 
arc low in iron and high in fine silica. ;.. hii;;h rrado concentrate CM be made by 
reaovir.g a large po.rt of t!le c&!ld. '!'his is llCCOmplishcd in vnrious t)'"!'es of ::1nchines 
in which water carries the par,d grains but lea.ves the hu1.vier iron particles . In 
mar.y places o.aterial is fo:md ir. vhic.li the silica lo present in conrse pieces. 'This 
m.:i.torial did not make a satisfactory product ~s 11 rt>sult of SiJ'lPle wnnhi?ll; . :'hi!: is 
tr..e material on which ji,;ging and heavy mediur: sepnro.tlon are used . Roasti:r.r. is for 
the purpose of chnne;ing the oxides of iron into oagnetite so that magnetic nethods of 
concentration aay be used . !lryil".g reduces the noi&ture content thuo incrcnsing the 
iron content in tho dried product and effcctini;; o. savint; in freif,ht o.nd shipping 
costs . ... . .. . 

During the year 1946, 23.1'J, of the ore shiyped frOCI Unnesota had b!'en benefic
iateil. Of this about 85% vere washed concentrates; 8. 7'f, heo.vy nrdlum concentrates : 
4 . 6~ dried; and slir,htly less th~-n l~ each for Jiq;ed concentrates end sintered matc
riol. ::::.pericentol wor:-:: is being carried on 1n attempts to find .eethods of benefic
iatin~ ot:1ei· types of low t;ra.d.e caterial found in the fomr.tion. It this results in 
tl.e development of processes which are CIX:lt"lerciall7 profitable r.uch of this material 
vill be added to the resErves and add to the life of the ranf;e . . ...•. . 

Zi..7'."'C" LI:?E OF 60 r/!RS. Geolor,ists estill:ate thnt there io on the r~e 150 
million tono of such ore. In addition there co.y be deposits on which no drllli!lf; has 
been done up to the present time , but which will be explored 1n due time . A second 
factor •rhich ;rill servo to add to the reeervoP is the successful solution of the 
problem of il:!provir~ the grade of ::iuch intC>medie.te mo.torie.l which is not now classi
fied as ore . It has been estin:ated very conservatively that an ad.di tionnl 1.50 cillion 
tone will be added frOCI this source . ('hn.r..r;es in furnace practice mtcy be affected 
which ~1ill llleke it '!)Ossible to use o~terial not no1, classified as ore. ':tlat this is 
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a :pos~ib111ty is demonstrated in the ca.se of high lllu::iina ores \ihich !oroerly 11ere 
coneidered uaste but now are quoted at the sllOo base price as neoabl :ron-DesGe::ier ores . 
If the so-called law of o.•1craces has a."lY :ierit it lo so.fe to aseune that tho middle 
line will finnlly fall about half ~1ay bet~1eon the t~10 extrer.ies and we can e~ect a 
lifo of sor.:ie sixty years. Of course , as the end of production approachoo there will 
be a gradual decrease in all of the fn.ctora affecting the lifo of the ranee and U."lless 
some nev source of oro is developed the range will become finally a thirlb of tI-.e past , 
ae least as far as a source of iron ore i!J concerned .. . , .. . . 

§fil.1M:Qi.iIES. l-&int of Hesa.bi te..conitee? Esticates differ as to the al!l.OU.""lt 
availnble, runnin,; from f!ve billion tons. At the present tico the tacon1tc carr:.rin& 
iron pc.rticlee in the form of cagnetite Gives the grentest precise o! being co=i;ier
ciolly fensible. The figures given above e.ro for thia claas of cat(lrial and if it 
to.koo threo tons of tacon1 te to produce one ton o! concentrates it would appear t~.:'!.t 
there aro !)Oosib1litios !or at least 1.7 billion tons if the first fi11;11rc is cone.·t 
o.nd po:ulibl;r 19 billion tons if the latter fit;Ul'e is not too onthusinstic . ::Ven th~ 
first fiGUJ'e represents more ore tban has been ehipped from 141nnesotn ovor the ;re&:.s 
sinco the first boat load started on its trip to tho Lower La.kc ports . 

~o r,ot a picturo of tnconite imogine a cupful of salt o.nd two nnd one-hal! 
tableopoons of popper mixed , not too uniformly. In some places layers of pepper 
nhould be left. l'his mixture should then be comonted ir.to a hard , tour,h cass. The 
1nl t vau.ld then repreaent the aanC. grains in the chert while the pepper would repre
sent the particles of iron bearinf caterinl . Laboratory cr.perioents indicate that ?'y 
crushir.g thia aaterial to cinm:: 100 taesh, producin& n product not quite l\S fine as 
flour, but considt'rably finer than the best grade of table salt , the particles con
tainir.f: iron V?uld be freed and car. be recovered by some method of concentration. 
~'he chcrty ln;rcra r.ive the 1:1ost precise at the present ticio o.nd only those curr;rillb 
tho iron bearing cnterial in the fora of 1:1ogneti te. In the claty layers the fTnin 
1a so fine that it 1o1ould bo difficult to mnl:e o. ao.tisfnctory product at a cost ,,;hich 
would not be prohibitive . As the slaty le.;,"C!ro overlie the cherty layers they uau.ld 
have to be rC!!loved in order to expose the chert . 

On the co.stern ond of the 1:osabi raru;e are enor;,.ous beds of taconite carrying 
iron in the foro of mngnetite covered onlY with a relatively thin lo.yer of ,:;lnci.?J. 
drift. Tue !orcntion is hnrd .:md difficult to drill n!"ld crush . Sooo years aco a 
plant was erected at Babbitt in ar. atta::pt to utilize this cnttirial. It operated 
for three seasons . :'hour.h the product produced vas of exceptional r:_uali ty it could 
only be rroduced at a cost considerably above Ha selling price nnd the plant was 
finally shut down . :'he failure 11as due larsely to the costs of niniJ18 and crushir-t; 
together with that of sinterint; the concentrates . It is possible thnt with nodern 
oethoda these coats cn.n be cut to a point \there n profit can be realized , 

After concentration the magnetite particles will be ao fine thnt shipment in 
cars 1o1ould be impossible and they would not mn:.te a suitable food for the blast fur
nace on account of the tendency to blow out throU{;h the top of the furnace . ·~o 
overcome those difficulties they cu ... t be conaoliduted into chunks hnrd or.ollbh to 
resist abrnaion in loll.ding nnd unloading. ?his can be nccomplishcd by sintering, 
nodulizi?lh, aulomcrnting or pelletizin::;. Any of these operations lrlll add to the 
cost o! the 1.roduct. However, there c.re coopensatinr; advo.ntDGOB as the iron content 
vill be over &:Iii and the structure will cn.<o it n desirable !eed for the furnace . 

It is esticnted thnt a plant to produce a million tons o! ore per yeo.r 'dill 
cost in the neir,hborhood of ten million dollars . l3efore the ciining COIJpa."1.ies will 
be "illing to spend this sue of money they oust be assured that nbout the ticc the 
plar.t is ready to brinR o. return on tho investoent the tnx.c!'.l will not be rc.iscd so 
as to eo.t up possible :pro!its . . .... . . 
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