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SOME GEOLOGICAL APPLICATIONS OF THE ELECTRON
MICROSCOPE
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Dn'RODUOTlON

Aa tu'11 .. I.. Prof. B. P. Burton. University of Toronto, bullt an
experhwntal type of electron m1croeeope. and most of the pioneer wort
on the mlCJ'08OOl)e was doae on th1a particular mOdel at Toronto. The
oompoUDd mapettc electron mlcroecope. tJpe JDm. was developec1 In the
BOA LUorator1ee, camden. N. J., about 1940. To Dr. James RDUer. 10UDg
pbJIlcIR aDd PGPU of Prof. Burton. aoea most of the crecUt for putting
the mJcroeaope in tta preeent form. The latest mOdel has the control
board OIl a alaDt In front of Ule mlcroecope which mates for eue of op
eration. A CODI01e model 11 a1IIo ava11able.

Table I abo.. compariaona of dimensions of some minute objects.

PII. 1 11 a IbDpltflecl drawtnc of the RCA compound mBP"'tlc electl'oD
m!croeoope Ihowtnc the various part&. PocusIna Ja accomplished by vary1Dg
UIe 1eDa power. The apeclmen mount 11 \be movable staae. BelDg lnslde
uae vacuUID portion of the mlCl'OlCOpe. It Ja moftld by means of tine acrewa
ad a DuIb1e metal beDowa.

'!be electroD beam is OODCeDUated on the apeclmen by tile JD8IDIUC
ft8ld PI'Oclueed ill the condeoeer-1ena cotl. After PMIIna~ tbe
1PIOIJDa. the electnma are fOCUleCl by the obJectPe-JeDa CGO Into aD In
"""'ue tmaae. aDd \be projecUon-JeDa con proclucea a ftIrther mag
DItJed .... on the t1uoreeceDt 8CreeD In &be ftDaI YIew1Da MaIn".

'1'0 fMlIRate tbe iDtU&l adjuRment of uae spec::Ime1 a paR • pro
ftIId far ftI'wIDa UIe lDtermecIIate ..... GIl • fluorllCeDl; ICI'eml cae



to the plane of the PI'OJeetlon-lena con. Tbe re1atlve1J lOW maenKlcatloD
of thJa lmap mates It easy to ae1eat the mOltIn~ part of the apecl
men aDd to move It Into posltlon to be JDaIDlfled fUrther by the proJectlOll
lena oaIl.

81x observation windows enable a number of spectators to view the
tmage s1Dlultaneoualy. 'I11e selected field of view 18 choeen, JDaIDlf1catlon
adjusted to the d8ldrecl value, and a pbotolrapbJo record may be made by
raJslng the Ouorescent screen and a110wlng the electrons to etrtte a pboto
araphlc plate below the screen, the plate belna can1ed In a holder In the
vacuum SJatem of tile mIenJeeOpe.

Magnlflcatlons of 1000 to 20,000 are thus obtalnab1e, and the detlnltlon
In the photosrapbs 18 suff1clent1y clear to allow further opt1ca1 en1arpment
to obtain full useful magnification.

SPEOIMi:N-MOUNTINO TBOBNIQUII

Under the electron microscope an area approx1mately O.Ol-mm 1QU&re,
18 enlarged to the dealred maantflcatlon. Thus, to phoqraph an area I-DUD
aquare would require 10,000 exposures. To scan tbia area, however, takee
only a few moments because of the maneuverabWty of the tnatrument.

Por working with such small areaa a apec1al apeclmen-mountlna tech
Dlque had to be deviled. The RCA people In Oamden, N. J., mount apecl
mens on a 4OO-meah screen. The screen is cUpped Into a eolutlon of
collodion which dr1ea quickly leavlna a strong fum. approxlmately 1 micron
thlct, between the individual w1reI.

'Ibe material for study may be placed on the collOcUon tUm in ODe of
several waya-l> manually, under high-power blnoculan; 2) prec1pated
from solution onto the screen; 3) by J)88IIna the acnen coated with col
lodion through a culture or preparation of the mater1al; .) by plac1nl
a drop of mater1al suspended In a Uquld onto the screen.

No wet or Uv1ng tlssue can stand the high vacuum of IG-t to 10-- mID
of mercury In the electron microscope. However, thls microacope II be1na
used eztens1veJy In bl01ol1cal studies on materials ranstna In size from or
8&DI of antmals and 1nIects downward throUlh the bacteria and to the
V1nJaea. aDd even to large molecules. The mater1al in turn, must be th1D
enough to allow the paaage of electrons tbrouch It. Some material de
teriorates when subjected to the Intenle electron bombardment, and lOme
materials may heat up durtng the bombardment. OWing to the hlIh vacuum
thJa heat can not be tranamlttecl away from the subject.

POSSIBLE OEOLOGIOAL USES or EL1DO'l'RON MIOROSOOPB

A. ItIentf/fC4tfcm cm4 corTdGtfon 01 cl4r'
Quot1D8 BlJ1ler: .. • • • part1c1ee of var10uI tJpes of clay haye~

been subjected to more examination by means of electrOn IDIa'aIcope
thaD any other type of materlal." Some cia,. are COIDJ)OIed of II'a1DI
of the order of lIQDle 50 anptroma th1ct, and a few AI'JIIItroIDI wide.
studies In the nature and correlation of 8UCh minute JJU'UC1eI tn the
electron mtcroecope 1a dependeDt upon cbaraeterIIttc Ih&peI aD4 DOt GIl
chemhl combhUlt'OD"

In Decatur Qnmty, QeorIIa, there la a cJay tbat 11 UIeC1 ateDIlyel1
In laborator1ea and reftne11ea f. 1Utedng purpoIeI. TbiI 11 caJ1ecl At
tGJ)I&lfu Cl4II, 80 named for a Ile&Iby town. 0bemJcal~ of WI eJa"
abow It to be ch1efly mcmtmorUlonJte, but the IDdtvtdual~
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___ CaD DOt be Identified or separated UDder tile beat Ught m1cr'OIcope.
AD eIectraD-mJcroseope pteture (X40,OOO) of a sample of th1a clay, shoWed an
MaDdaDce Of bundles and maues of minute tibers. These ftbera are the 10
caUecl mtcroerystalUne maues that can not be identified unc:ler the po1ar1zlDg
mJcroecope.

'fI/UIOrI4I B411h, ao1d by the central 8ctentuic Company, la described
u a "lI11eeoua earth made up largely ot a1UceoUl frasments of In/WOrl4,
UMd .. tuutnr mater1al and as a fUter1Dg and absorblng agent." An elec
troD-mJcroIcope picture (X40,OOO> of this material showed fibers very
almUar to the Attapulgua clay. The stmUar 8hapea ot constituent parts
of theee two mater1ala attest to their s1mUar physical properties.

Clay. might lend themselves to study and identification in the electron
mJcroeeope along the follow1ng Una:

1) lIlnute crystala of ruWe have been identified in titanium-rich
eJa,.. TheIe erystala are too small to be identified under a light mic
l'OICQPe. Tb1a would lead to a stUdy of the 8ubmicroscopic mineralogy and
ernt&llotP'aPhy of clays.

2> The nature and occurrence of the clay material in oU-producing
anda Sa a study In Itself. Recently, a micaceous flake about 1 micron in
Jenath, was obtained from an oU sand and photographed in the electron
mlcroecope (Bates, Gruver. and Yuster 1946>. The nature and abundance
of nch clay materials might be a valuable aid in the detaUed correlation
of oil eandl, in the study ot reservoir behavior. and in setting up water
IIood1ng projects In essentially depleted oU fields.

s) Structural details of clays, pert&1n1ng to possible physical and physio
chemical properties of the clays.

4) Presence of submicroscopic organic forms too small to be identified,
or even noted. under a l1ght microscope.

5) Studies of the response ot clays to the high vacuum ot the electron
m1croecope, and changes due to electron bombardment.

B. studfa of Crude oa

It wU1 be neceasary to develop a teebnlque for studying crude olla 1D
tbe electron m1eroIcope. A specimen of crude oll waa mounted In the usual
manner on coUodlon fUm and a monotonous gray field was seen except for
one object, or group of objects. This was composed ot a number of oval
bocUee; eome of these 'Wel'e solld, whUe others appeared to be breat1ng up.
It II posalble that th1a object was not able to withstand the high vacuum
&Dc:l the electron bombardment in the electron m1cro8cope, and the photo
II'aph c&uaht the material In tbe process of breat1ng up.

A poglble approach to the study of crude olla In the electron mic-
~ may be out1lDed as foUowa:

1) Study all fore1ln aubstances in the on and In the extract&
2) Note and ldenUfy bacteria in the olla.

s) 8Wd1 the behavior of the on durlng preparation. and reaction to
b bIIh vacuum and electron bombardment.

.) aud1 the nature of co1or1ng mateI1a1 in upbalta.

I) BOA enameera have photop'apbed wbat &bey beUeYe to be Ilant
molecales in tbe electroo m1cIoecope. Perhaps aciual molecular dlffereDCeI
mar be touDcl aDd be used for correIatkm.
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c. ~Studfea

The electron microscope should be valuable in studying details of fosal13
too amaU for study under aUght mlcroscope. Examples are: Diatom!',
spores, algae, and some protozoans. Electron-microscope pictures of dlatom
&bella 1nd1cate the detail and arrangement of holes or perforations too
minute to be seen with the 11Iht mlcroscope.

TABLE I

CDmpalilOft of tM~ 01 lOme mmute obtectl GM lOme uftttl of
m«UfU"e

centimeter MllUmeter

1
Atom's nucleus 1,000,000.000.000 10-tt (OOOOOOO1סOס.0)

1
Atom's outside diameter 100,000.000 10-T (0.o00ooo1)

1
One angstrom unit <A..) 100.000,000 10-1 (0.o00ooo1)

1
One m1ll1m1cron (PI') 10,000.000 10'" (oo1סס0.0)

Electron-microscope'8 1
llm1t of v1alon ~ 10-1 <OO1סס.0)

12
Infiuen. vtrus 1,000.000 12 X 10'" (0.00012)

28
Tobacco mosaic vtrus ~ 28 X 10'" (0.00028)

Llght-microscope'a practical 1
11mlt of vislon 10.000 10'" (0.001)

1
One micron iO,iOO 10'" (0.001>

4
Red blood corpuscle 1.000 4 X 10-1 (0.04)

1
Head of a pin iii 1.0

Centimeter 1.0 10.0

Inch 2M 25.4
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PlI. 1. A aI.mplWed draWinl of the e1ect.nm mlcroecope taken from the
pamphlet, ElectTOft JltcroIcope, prepared by the R. O. A. Manufactur1D8
OompaQJ, camden, N. J.
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