
An ItlV~3TIGlt TION OF CHANGES :m m~ 

(mGrfu'TIC ANISOTF.oF.! OF smnte2fflRY p!JCJ{S) 

In Pa...""1iial Fultillpant o£ too R!!4~~ 

Doctor of PhUOS2P9l 
J _lk 

£!:1.i.f ornia lnatf tutu <if Techno1.o~ 

~na, Calil'offli! 

~ 



ACKl10'\74J:DOOliTS 

'!he study v.as mado possible by a Fellovmhip of tho car-
negia Institµtion of Washi?li:.,rrton. Laboratory facilities mre kindly 
provided by the Depart.moot of Terrestrial Magnetism in v~shineton, D.c. 
To Dr. M. A. Tuw1 Dirootor of the ~t of Terrestrial blgnetism, 
the author is thankful fo:v his constant interest ancl encourag0nl8!lt 
thz-oughout the pr0Gt'GSS of tho work• Tb& author is alao arate.ful to 
Drs. rr. E. Tatel and J. u. Uanda tor mey valuable eugcest:tons, help 
and oo-operntton, and to Dr. John w. Cfiham am Mr. o. w. Torreson for 
pormisaion to pre.sent their data of polarizations or rock samples a.a 
v.all as much help during the investigation. 

For oriticl.n:tng tho manuso.~pt and mald.ng any ~rt.ant 
suggestions during the writing o£ the paper; the writer ia especially 
grateful tc, Dr. a. w. Potapenl«> of the Geophysios Departn1ent oi' . the 
cal.:l.fOl"nia Inatituto of Technol.ogy. FO%' helping in conputations ~lCi 
mald.ng aoroo ix:poo."tant corroetior..a, the writer also e~resoes bis thanks 
to Dr. Stanley Frankel ot tJ1e Cal.ifornia Institute 0£ Technolo~. 

T'nanka are due Mr. John Hidy of the Frost Geophysical COl"'
porat:ion, Tulsa, 01"'.laht"ma1 for much valuable inform:i.tion regarding 
the design of t he Susceptibility Matier, 



il.E.'3'.r.:tA CT 

The pafler gi~ the results o.1' measurements of the mag

oot1c Misatrap;,,. ot h1 sa.~lo$ · ef ~ rocks .ranging in age 

from Pliooooo to s:.i.l.uriJln ti:me. Tbe a~ Ull.ciJ ~.._ to test 

the validity o£ the t\vpot,hesis tllD.t fine grainoo ~'be contain

ing a lar~ number o(,,f~tic po.rl.icle$ e1'loul4 ~bit a mag

netic anisotropy, the ~ction of the ~ . GU$e&pt1bil:tty being 

in th$ direction Of th() Eal'th•s nagt1etie field oaisting at the ·time 

of depooition. Tho theory of the &welepnent ot ~t ~nt an<1 

anisot.""OpW in .~ fonetions bas be~ diSOUGSOO 4n(l it is 

olailOOd that tba eniootrapy· ~-.mts should· g1 w mre reliable 
. . 

~ts than tm ~t ~ ~ta regarding ~ m6t19tic 

h.ur',01o/ ot the F£rth. £~ r~ --1ti • SUl\lceptibility lletso lw.s 

bef.111 dea:igned and const.ruated fa,: tlle ~, &ad tbs tho017 o:t . 

~.ents of ,the :1.nitial ·zcnet1e anaotrow in cub:l.eal :roek sam

ples has been de'ueloped. ~im:S,naty. XllGlaG~ta <m 24 ~QB of 

Tertiary sediments show · that fat-. th& past 00 ndlli• ~~e or so, tlle 

average decli..~t:l.on of the r~•e ~Uo .field has baan within about 

200 ot tbe geographic norih. stmtlar ~~ta on 23 ~sot Si

lurian sed:L~ indicate a signil'i.cant clifferonoe bet,.een the Silur1an 

ar.d the p1--eaent geana.010tic .field♦ in• effect o1 deformatic:m of bed$. 

and ot Gt.-one ~c· £1alde on ani.$0trQpy haw al.so been stwlied 

and it is concluded that the W"OOtion of ~ x:limt1n ~~bilit.y 1n 

soclimentary t'OCks is stable mMi :le 1nvat1.ab1.o mth res-~et to any 
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PART I 

D1'l'H01)t,'CTIQ1 



h macnetio properties at rocltG and ~ ba.w ~n-

~ the "tention of a number of ~t1gato,:,o tor a 10l'l£! ~. 

Ao early ae 1691 Bo,-1.e found . that eor.a.er old bricks bad a residual 

magnetism and behaved ae ~t tJagnete. Since then anc1 espe

cta1ly c1ur1ng the rddd1e of the XIX centW"71 the 8&Sl» property 11&S 

ob8erved by aevwal Itelian and 1nmch itlvastigators to 8X1et in i g

neOUB l"OOka, b&1ted clay ancl clay ~ o£ historic time. TilE> :im-,. 

portanoe ot thie ~7 'aa8 ru.,t• ~, ful.17 ftAlieed until pro

bably 189b on ~ter (1094) po&r1ttd out that ~ -con

taining maptic minel'als on cooling tftll blgh teaperatune attain a . 

residual ma~ the ~on-and ~ty·ct_1td.oh aw determined · 

by \be d:u-eot.4.cn and lDteo&ity ot '118 ~•• •~c fteld ~ the 

time of coali.ng. Tb1s ~ d~ey -~ -- a ooas1del'Clble in

ta,,est in ~ etudy of Nt.tidual or romanent ae,netia of l"Odat and the 

pby81ctne found a tool tor traeine the maga,et.4c bistoTy -_ot the· .-rtb 

in ~ epochs. For an ~$1\t bibUO{,-&phu . of the ei.u-Uer 
. . 

uorkst the· -~ is nf~ to hnigsbe_,. (1936) Ind Bulck (3$b2). 

Tbs physical mec.ban:1sm ot the ~nt ot ~t -~ 

netiba in 1,.~oua rocks, ecape~ the effuoi'VV Gll$B1 baa~ l:>eoo stu

died careM.ly by KonigsbGrge.l' (1938) anti JllOl'G ~tl;r ·aoo thorow_;,.'11.y 

by Nagata (1943). It 1a oow ~ believ8d that tm t~wtic 



~7 and tlle 100.gnetic susceptibility e.m pr-lmar:Uy clue to the pre-. 

aence o.f a large mmIDer of mic~, the chemical. oon;,oaition of 

vtd.cl1 1a not, uniquely lalor.n:, a.lt!lougb a large part of the.se ~J-. 

dtala· aoemo to consist of. B.l~ite · (FcmO,). Ch1-o.,,1to (FGCJ>BO•), Ps,--r

~- (~) aa1 .t,o a J.eseer extent, St;>:J.nel . OvU~), Uartite 

{FettOe), and 14mon1te (HFGOa, n!ld>) 1 .see .BerElUdaldi (19h8). ~ 

the ~ rracham.am ot mptimat1on ot tnase mS.c~~ is 

Mt :,wt ~ l1Ddem0od, ~ 1e little cblbt t,bat ~t io ~ 

elop,ed. durine cor,l:\~ of the rock aample in a ~ ~M.e .fi.el(l £:ram 

a ---uo. ae,s,d:1.ng ite OCUri.$ Point•, m.cnce .it la CRllod "Thermo

~• =-snottsats.on. Tl1i!> d:lnct1on of thm.lo,.c~e 1D aia}IS 

found to 1- 1n tllG d1rectlori of th8 ._. -~tic field. It has also 

bee d•Sl8tated 1n a l1Ulllbel'· of recent lava £10\\IIIS in ~ . that tile 

J JI Blill&\t. ~ti.Oil· in them ag:rG88 -11. with ·tbs dUeGtion o.t .the 

eaftb'te ~ merid1anJ SM ~t;. (UhJ) aid lit.rada Gal. (1~). 

t.btil ~, ~ .all · tll$ obeorvations fer · deter-
- ' . . 

matr.,g tb9 ee.rth•e m&gnctie t1Gld in tho 1:>aet ~ ~ to tho 

rocke ot igneous ~ ·~ tho ef't'tltd:VQ 02\8$. .1£ tile du

ec\ioa of 'bhe 881'th•s ~ wctor ia to be identin.ed with that 

et NIDIIDent magnetic --- ot the mwriai to be observecl, th$ posi

tion ot the •terial siuet now ~ be the ·. $8me ae at tne time 

ot .cocling. It has1 ~,. boel1 ~ in a gnat.~ or ·easGS 

that l'OC!m ai-e p3Aet1o1 and S..ge fJCQlG. f1ow •·. is· poaeible e'Wm below 

their OUrie points. 1b$ the Ol'ig1na1 direot10ll of •~imation in 

a -.. :1nf'lueneed by ·the oarthte U.tJlGtic field cou1d. be COiq)~ 



oblitero.ted ~✓ t he s1lb$~uent £low and eoecl~ dram ~ too rriee.

~ts on tlnn could be ~oua and ~~ 

It .e first ~~ ·by Wclrish and Johnaon (19.:;8} ·that 

the most reliable rewlta on t.bl, ~on of the earth's mgnetic 

fto1d in the past Gbou1d be-obw.ned .ham tl'J$ direct:ldn .of ~ 

~tion ot ~J d~it, .-id· not of -~ rocks• Since the . 

b.llk of the ~ o~ of ~ of igneOU$ ~. they too 
/ 

()Qgbt to oCltltai.n --~ ragnotined .t&lTOtr4gnetie ~. 

These ~- a& ~ sattle U1 the Q.ldot ·•ters -~ slacial-~ -
- deep ~, tel\<l to .eri.ent, ~ ... in tho ¢1.~t.tz ot th$ 

eaftbta ~u field ~ a.t the tJmG ot dopbf1ttoa. l.lpoa. -~ 

ing to• the. bot,-, tbe7 ._.. ~ in -~ -by ~--~ 

em ~ ~ '11$- ~i.Ob C!!f ~ oarthta field at that 

The suggestion ot Mdlisb @.nd J~ received acceptance · 

in ~ labors,~$ espe~ .l!tit the ~ of ~~ 111.g

not:ta o.f the oarmg:1e. Inatitution of -hingt;on ~ ·sqr .:1.lllab1o 

oontributiGDS have been -made to the subject ·of root.c ~-~ 

19,a. A fw of the results obtained~~ nmtion:tng. ~ 

and JohnsOA (1938) -. ~s on tuo ~ of Ple~ -var

we· in Oomeetdeut repN~ about -~ and S-00 yeara ot deposition 

:;ieepeotiwly. :rn the f~ -. tho •~r;e ~on ef tha ~on-
- . 0 

tel. oooponent of ~t ~t •9 found to be ~tely 30 WDSt 

Of the pl"esetlt aeolit1t1tioa 1tl the X"QgJ.on1 wmrea,;1 in t he latter series, 



the (-lW%'age direction •a faw'ld .to · be 30• cast ot the-~aei1t deeli

naUon. Tho t:ws e.ap wt~ the t,,e; t1eriee ,_ eatinlltecl t.o be a 

tn thoaaand yea.re at tile meet. Similar ~ -.do by Johrison., . 

~ QllC1 Tol".re&an (19fi7) Ch another Fled.~ ~ eGri.oe in ~ 

~nd saw s~ ditt~ ~ta. - !h:ls, ~ ~ a ~od 

ot sooo ~ -ano 1t -.. ~ -trca that_ Ntmlte er the ~ 

that the: ~•s field bae not .~ -~ in dkecti~ or 

iltten&t~ ~ _, 1ast·_ 1S,,O()!) ~- tla ,ange ot ~e r,t the-ttlec

U.ticin being t»~ 3$ 0 
~ - ad af O ,-,t. ot too pz1eeent ~ti.on. 

lJl ~ to atom tl») lllMte~ to ~ ~ -ot ~tw ~ 

Q\og1~ aget ~on, -~ ,and Qrahilm· (3$49) ·~ ~ ~ 
" , 

ot tiat 1t1ns ~ ~ l"OOka ~ ~ -t4 re~ 

~ age 'lihioh Im'$ QOUG.cied ~ ~ eitea ot -~ 1lfltltem united 

atata. -Aa a ;result et -~ ·oa 99 ~ .'1lrlr oor1eW ·that 

· tor GO ad3l 1Ai 7,'e6N or· • tb) polarlt:, at thl . .-th1• •snet.10 ·field 

Ja8 bem the aame aa now and -the ._,1e _, -bae had • a~ ori,., 

entation that coincide$ with th~ -.rlih•a ~b:lo lldh· ~ 

ot •~t.1ont11 of ear~ Pa~c ~ta:,- fti:>M aw -now in pro- · 

~ at the-~ -of ~ Ila~ of tl1e ·•eaa.81e In

stitut.im ot Wlebin1:,~ 

Il'l US"lne; tb3 ~ttea~on or ~tar, N>dm. as e.n :L:~• · 

cation of the r.agnetic .f1cld e£ the eazith at the time th.$ -000~ 

~ dep()sited1 it iB assumod that t...l:ie pattenl o£ ~ ~r:Ation 



-
~~ in rocks, in · ge~"lel.-al, h:l;:1 1xxm c1~ml~1cd 1:tj" a n11mba:r of i."),o, 

Davld {~) f0tttltl an oylrk=nwo of the stability 0£ :;-~~t

ieatton tor at least 2000 ~ in a. stone~ built m.th blocks of 

ba$eltic ~, Thelliar (19.37) inwat~too ~e of. baa&lt .frdl 

-~ p1&coe and found that both too t.nulination and doolination cf 

~ .-..ment ~ not constant but. \19.t'e defpondent ·on tbs influenr.e 

at t1ie \'I.De.k :irJIGnQtic f1eld of the earth., s·Imlls:t" ~ls8 of !ilirked 

~\1 in ~ ~ vsw ~ by· Thellier ~l ~l!ii!l-

1!.ei- -~• •~ (19tl8) f .auad tbat in ~ of ea~ 'basa)~t . 

~ tbi9 ~--t.1r''• 1nt~ns!:ty ot t~t1~ation d.id not. show aey 

~ -:ln abeut O ~ in ~ -ot tllO ~•bl& e~ or.· de~ 

U-. . Ia1ac (Ufa) s.n s.ctea,: ee a ·tN\llt ot ~ ~ ot -~ · 

..._ on \11.t'ved cia~ caae to the eonoluadon that the magnet1ea

t1on Md not ft'l1'lllned etablc a:Lnoo dep.o.uition wt 1w1 .follq-~ in t1le 

=aAn the direction of the ~ht~ .field,. C'tl'W'Wll (1949) baa g.tm~n a 

~ 0000-J.dCJ."&td.<m of too t'lholE:! probl~ anr.1 Ob6(l-?"VQ(i . t.118.t 001."'tain 

~ ~ rocte Nltained t.heir' •snet:tsati011 ~r long . 

petode. ~ -in tile oaac of -. ailuriJln bE;tlo, 11<3 was able 

te 111-- tbat magnot1-atiQn ~ •bl.e ·r-, at least 200 mllion 
~ ln.tda atud!eet ~, -~ mccunterod a oaae of Sil.u,;.. 

da ~tonG formation~ t1>8 ~ts to ~'W _1;he stabi1:.. 

ity T.-rG not at ell conclusive. 



Ror.rults of ·c.be investigatior.s as enum0ratod in the last 

ao a 'dlolo) is a ~ ~ilOit (being due to tlie <.'fJ.-ienttrtio .. zi 

o.f ~le~) &oo hence its stablllt ;r tdil ~..-~ OU oewt'al f~ ... 

~D Web as, the p3'zy--sical hi.stoa-J of tlie rooh731 the shape and si5c 

·ot the grair-~, tJ:lO O,,Jrlo 1w~ and tho ~:t~c:Lvlty or the ~ns,· tJw 

st-re.1'!gth o.::rl dure.tit;.Il o.r the Eiti"G.Y f:lol,-Js -~ probably oo .. ~l o·t3lG"l"S+ 

F~ <!!~~e; Kon:tggberfu;'GZ- (19]1;) ll.AS ·slli0"£i t}:;a'i:, ·ti.$ l:dgllelf the 1~ue 

~gnetie stabi.1.1:t;y. A~ to r~ (1938); the mgnat1-t.ton 

r>f a-eol.oi1.eal hod::t.es :ls· a S-atiet1oa ~ . otil1 oS the ~1•111 i'ioltl but 

T!le pi.u'l>O$e . or ·t...tie ~ ·ent 1..'l'VeAfaa-t,ioo ¥Ile to gm;a;-t.no s.110,... 

·~ clwJ,-e.ctol"'1$tio i'aature -Of ~tary rocls:a vi:dch littcht 'be co-rolopod 



could not be ~.ietl ·b:;/ 5Ub~(!u¢nt $Jntitic ~lat;!.~ Ql\ til'l¥f/ stJ'Gy 

eloo~lc · -or m~tic fi&dsf 

It baa l·x,en shtn1lt b-.t _~(t. (1942) .. that '\'tum ·1~ 

net-ic ~ ~1-cl.es ni.:-:ed 1t,.:eh ~· .~<IO ~i:too in ~ ~otie 

tisld• the clay l'O.coo-et •·mgnetioally dm>tt-optc' ozs in Alll'¢' ~,, 

the· t®~e-tic ,~aptibilit.~ -Oi ~, clat.;r cle™C,Ps a direeti-v.e. W~Y 

\11th it$~~ value in tho d~cM.on of fk~ ttpplled iM~ie f'ie.1.d. 

The ~t!·opy o! the cla;y· ~ ~>~"10<l to be ·due to too ~tr01z.;;r 

ot. too ~cl.as t!-4..~elveu ·or ~ ot pll.l.~1okt by ~ - it 18$ 

£~A. A ~ $ '~ of tl'.X¾ bl~ · clay of tl1e ~ b&-,f-D 

(about. 1$11000 ~~ old) 11,:t ~-t (l;i~) ~-~ ·such ·an. anise-

atil~ .i...'J\ tho stuey ·of 0~~1 • o ~~ ~ bat ·tJie ~~t 

~ not ~ . ~.. illt~ &id~. I~..;nri: (~) published 

hie~~ of $fi~ ~$ ·tit' Ii~~ • ~1'~ .. ~~ !n ~ 

lb ~~te<l ·t.110 extato:i.11.;ie ◊t ~1 bl•··-a· ~ t'lt• e~s B-ud 

-~ it to be due to. the ~'ttri.Q&l ... ~ -~ pa.rti~. 

~. hUl ~us -~ • ~ti• ~ -to til1d ·th$ .di

~ -o! •d;.un imse~-nibiltt-r w -~ ~ --~et.~~ . 
ml no he \'t.'ui not eJil$· to ~ - to -V ~-~~ w,gct'd~~ 

- . . . 



a..une ~re ca.ra.fuJ.l.lr and critioal.\V' this oow.mthod of attack Ci'l ·pro

~ or rook mcrM;)tiam. 

T'~ i'ol.10\dng tentati w ~otha~...s f'Oi" tho clovelopmont of 

tr.be ~ mo::tent &tx1 of the a.li$ot-~J ot ousceptib:llity in reel~ 

.1$ awlicable only to tine ~.ed ood.1.Irlmte: '1bioh arc 1Upl>O$ed to 

haw belim d~itoo in quiot we.tore ot el,acial la!--..es. and def/9 ·. ~-

hn a bed rook containing .t~~tie m.L.'10l."'&l.s is buns . 

eroded by tho action of stl~ Ol" ~. an imnonoa number of 

emall gre.L"'la at).1 splinters . 83:\\l · ~nocl off t .be bed and carried by 

the ~, oaaatimes ror long diat.imeos bofore they a.""O ~...nal.lf 

dE>'posited. ~'1le tho s~tling of auc11 a pt,\rticle in mter, tho 

forces acting oo it aNu 

·1.1~ 
2. .nJUml1 
,. C.v:J.tatioml 
h.~c 

In deGp oee&llS &nll lakes, the .. ~ ot ~ f.-oes • ., be 

~ to be oogligib.'q l.l?J1lll am alao; as will be shc,m later in 

the~ at~ t~tures tba ·· ~ Gt t!~ agitation 

(J.1JM _,,.) 1a small~ to tbat Qf the magnetic .force. ·'nm$• 

qualitflt1~ speatdn.g, it 1s auffieiont to constM the effect of 

·.:b' ~ic and ~tational .forcu on the £inal Ql'i«ite.tion ot· 

th$.~-
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of ~ sueooptibili.ty in tlYlt case n11.7 not. be · in the ct.ireC'U.• 

tit the· field. ~, at tho de~ <fl ti. pa,Uclfi1 th$ angle 

~ too dtl.rootiano ot tbo ~ a:rso. a.t)d the ~atW ot \htlt ftl>i!lt 

uanan\ !DlDfflt is ~ that ts, the ~ _.,, .haw!·_,. value ~ · 0° 

to 360°. ~ tll$ Aca~ ~ tb,. ~ . of the,_,~ 
. . 

•~tim ~ to the -~ -~10n ot·a -~ .n ·jUf. 

I# WlCh boavl.- loeaee th1m too ~ ~ it ... '° "- gNJ,a• . 
t~ of ~t,~ ~ ·tbe· ~ ~ Thull· fW' 

~ ~ a long_~ ~ 8Zld llaloe. • .1-~ti.ea

~ tho ~t ~..,.~·to ~ · ~<tall.7 

mth the~ of \be.~~ ~- .. ~ -
~ ~I· ~ tll9 fllll'Nt•t M tel1 - bduc•·~uau. 00-

. ~ . . 

~ - ~ -aft~- tho ·d!Netiela It .... ~. 

b4.U.t,' ~ in '119 ~~ Qf tllC ..utla ~ '1eld at tho 

u.o.r~--. 

~ate b-. .r u. ~ Md e ·the coet~t or . 
~, ·~ the equa;Mcn ct ·~ ot ·~ ~elo talli.ne·~ 

~tTie1 · 

l'~ng that ., t = 0, I = 0 -1 1111/114 = O 

too .~ ot ~ (k-1) can be 11rt:~ •• 

• = •---~ +II! a $ eap<~i- t) .a.} · 
e cD l • . 



- J.J.-

➔ . ➔ 

._, let t be the l'll!IUlmt mcr.aent of the particle and Il the 

-.rth•e magnet.2.c field, the to,q,19 acting on the particle is1 

tn s1nlf 

So tar we baW •~ 'tl~t the p&rtiele• an isotropicJ 

u Ibis 1a not tile Of&N, then· ..u be an additional torque due to 
. ·-

the antsotrow o£ tho pu-ticl.ea thensol-.. . Let la. and la be tJ'l8 
. . 

aueeeptlbU.i\iee per un1, -. raspect1 ~1Y parallel am perpeoo1- · 
. ➔ . . 

C\4alt tot. (Th18 does not iq'>ly that tbe directions pe1"pel'ldieulai' 

to Is. are u,.gnetically equiwl.ent.) ~ the total. llltXlll8nt in t;he 

cUNcUon off 1a, 

t + ~ coaf 

and tbe lllfJll8nt 1D:luced mJ1D8l. to t 181 

ltamH sin 'f 

Hlnae the toW mc&lmlt in a di.Nction -~ to tho dh'ection ot the · -ll!lptio field H 181 (see Fig. 1, p.19) 

in: f ein<f+ la,mH OOS'f 91n'P • l-8 sin lf COS lf 
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so that t..'le torque a.ctine on it is, · 

It :t be the mamottt of i:aortia o£ the Illlrlicle an<l g the COElt:fieient 

of NSistanee for rotational. motion, the equation of ttCtion of the 

part.ielo due to the set.ion 6£ the maan,atie field is• 

i is positive if 1 • ~ .. ,, (h. 7) 

~ 1s negative if x'(-! (h.e) a· ~ -✓ b 



-·JJ- . 

If '\'I$! assume, a > b 

or frolll eq.· (h,5) it f. > (i2.-Kra)mH 

• soo bull eonc!ition (h.7) tut JI( a oos<t) is ~tw than .a/b for 

&tJ¥ valne or _'f and hence d,r/dt 1$ al.VJa;ffJ i-,ooiti ,m. nds. ~..ns tha~ 

the · &nf';le bettJean the mar,mS.c tield n m-rl t he lilOtilmlt f tends to de

CN&ae 'W!t..'1 ~, t hit is, the parttcl.e will tend to orient in the 

d11"eotian o£ th& tield. 

u, h(mg~. a < b, then e:/dt 1$. po:d. t1 VG SC lon[; as-

" ).a/b, but When x (.e/b, d:f/dt 1s negatiw al1d the pa."1'iiclo will 

·tt,nd lo Wlent 1n the dlrecti·on diamtrioe.lly q,perd.te to tM di:reo-
➔ ·.. ,' · . . .. 

t.ten of n-. 'l!!tls,,- t~ e,amp1e1 it b .. ta, lt is ~l:t ae~ that the 

parelleUsa wU.1. tend to result if 'f l.1t)8 ~ -U0° and +120° and 

-that ant~sm wU.\ tend to ~sult ·1£ <I lies. ~n 120° and 
0 

2ft0 • 

AeOO'l'd~ to ~;11~ (~942)., for ~~t!te ~i~ ha.v

ine ~ ~ between lrl' An.1 l~im.,. th)· wl• ot m(!a-Ka) 
""' ._,o . . . . lies botlleEm ~ and lv c.~.s. It is ,quite)~ that t, 1n most 

~ 104'J~, 1$ greater than m(X::a...ra) • the -4ootrop, o£ the 

~ co-operato ff.1.th tile ~t ~t, ia tll0 fS,zia1 ~ta

"1.on or the partJ.cles in the diNcMon or too ._Uc f1eldt !mm. 

if tb1e 1s not the ease. 'lie can still e:atpeet that tn ·• s'Jd~lelt c• 

tai.mng a 2-:rse number ot -.gnetite ~el.es, the ~Y ot a 

llBjol'it:, of tbe particles .wW, co-operates with t..'18 ~mt t.rmlt 

mccept 1n the ewptional caoe •• the initial. cl1strl.bnt1cm of par-



Hagata et ill (ll~) has it'DCWad the ~i"f~t or a.'Xioot1-eopy 0£ 

too particl.$8 and has eonsldered tl1e eq1;1ation ~ motion in the r 01~, 

the solutioo o£ 'mh.1.ch :ts, 

b$r of •mneM.ZGd particles p~ ~"lit volume of the SO<litt..ont, tbo a"IY

~ •ptic ~"lt por imit irolune in the d:trcction ot tho f'lold 

1s, lR>110:d ... •ie:t:.cly, 

tli.v = pf'(coe 'P )av 
11' 

e!. ( ~an . 
it J fWcp]I d <Po 

0 

Dl, (lt.U) ~ that t.!Je avorage. mxwi·t. in the dirr.lction ot the field 

11imel51f8f .~ tanar,nM-&lly 1'd.th inc~ in tho ·~ o-£ depooi

._ Md hence (see 8'• W) '4th~ in tr.e dq)tb of water. ·~ 

,- a ~ ~ time ot dopoldtion (t ~ ao ), tJ~Ol'St1cally all the ~ 

~ 1dl1 ~ 1n the- d!Nctic:m or. tbe fiold and 
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etteetive suaceptib--l,l·Jty- of a sediment and halco its anisotropy, 

1mowJ.ng the ~one of the particles, their initial. ous~bil• . 

ittcaa am th91r e~ticm. Th• .reader 1a re.fetted to Lamson 

(19L7) tori the tt-eatmant of OCtDe weaJ. ·case,,t,. 

A~ to the ll)llOt.hesia ~tod»· a ~17 de

poeit coata1ning a largo ntll'llber .ot f~t,ietic ~is~ 

to bJhaw q aa ant.eotropic maptic dipole, the ma ot anisotropy 

and . the &ld.s o£ the di.pole be:Lng, statiatically, both parallel to the 

dS.nw,rt.4oa ot the magnetic t1eld ot the earth at. the t:l:me or deposition. 

1bD-a -1e1 lloatver1 an iq>ortant differeru:ro betmoo tbe t• ~na.. 

The polarimatian or the remanent ~:latiOn_ is a mdleeular pbenora-· 

enoJ1 ~ tbe anisotropy ill p~ a bulk propel'ty. 'l'lms, 

tbougll the directicm and inten8ity ot th0 ~t ~t may b.9 ch.an~ 

by latte:- field actiona, the an:taot.i-ow bee~ a ~t feature of 

a ..Umntary depoait vAlieh aboul.d be in~ablo lflith respect to all'J' 

eubeequent £ield actions • . • 

It 1a hoped that the ~ .Qf t!iiptio anisotror.1r 

ot ~ depOstto ahould give ~ reliable . results reeai>tling 

\be diNctioll ot the evthts magnet.~ £1eld in the past tlwl too ~ 

utWito of ~nt ~ as llaw so far betm clot1$; But the &us

ceptibilit,- of most sedimlte is a a:ial1 ~uantity (of too oroor of 

Jls 0•8••• units and less) and too anisotropy is expected to· bG only 
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a small ~cent o£ t-ba. total SUS100ptibility. Imce, tho problem, 

at fust, is to design mid CClftltt'tlota big~ sene1U-vo app61"8t1.U$ 

to ma&s\JNI ~ ousoeptibllitiea io o. ·high oeeree of p,rec:i.sion and 

te ~ the dirQction of marJwn ~ibility ut t.b ouffic:lent 

-~. The r.ae:t. step 1dll .be to eonela"tet 1f peastbla, .the re

wlta o£ anisotropy me~ts "1th ~ ot. NllllWellt mcnnnts £or 

the -- specimns. Finally, the ewb1Utw Qf the ~ or 
~ry 11ocks will be ~tad by a tw e.! .. ~te. 



Ili order to measure the eusceptibilit:, ot SOIIIC material 

the usual practice eons-lets 1n subjecting a aanple o.r tho material 

to a 1ib8k •B1»tic field ana then ~ t.be ~tic ~t in

duced in it by one of the ~ methods. U a teet eaut'WJ ot 

INCh a materiel be 1ntroduced in a Im<mn Dlgnetic .£1eld a,. the re,,.. 

aalting !!lflgrJetio 1811!mt. pGr . unit ~ 18, 

... . 

\\bei'e 14.t- 1s the ~ ·moment 11hteh in a ~ field ie constant 
- ➔ 

and unaffected by the i'1eld and .ll:l 18 the induced JaCril0nt. If the . 

intluoing field 1a altematbg tbe ~ ·~ baa no e££ect on 

the obGerved ummit eo that • ha•• 
- ➔ a = Mt 

BJ' detin1t1cn, 

-field 1no1de the sanpl.e and 1s :related to the itlducillg field H ~r, . 

.. 
l'lb9N the factor g ~reaaes the domagnetiuation etteat of the sub

e,tnce upon itself m1C1 depends oo. the geanatrical shape of the ~ . 



and its O'r".s-entation with tho menct.tc £iolrl. lh the e&M ct .sedimen

tor.r' rocks K is tmuall.7 a ,ms.U. quantity (OS' tM -~ or 2P e,g.-. 
&rid less) and g is ot t!lO ~ ot unity1 hence the clenqdnator ot · 

eq,. (6.2) u, aensibl:, eqt.'31 to unity, so ·that G4•· (6-1) can b$ Wi'it

t.era 14th ruficiant &o·CUZ'807 .._ 

. . 

~t trkfuc&d ·y 1$ alwaye in tho ~ - direct1m ae. ttw induoing £1&ld. 
\ 

ln a •~ w~c illOdiula ·thiti 1UceptibUity R 
I . . . 

MfJ a direotiw ~ ~ blmco the reS\11~ . ..- it w.Ul.t "1 

~, be ~ at an angla to th0 field ~ ~'ving 11 and ll 

~ the .tbftte -~ dlNctiODE, l~l,J (• J,-' ¥, Z) wt4ch _.. 

. ts.aad 1n t.oo teat ~ .._ (6.3) • ., be .broke ll> 1nto -~ ~ . 

.... .. ,. <• 11s. 1.) 

14 = Ku.II:,. ♦ 1-.. ♦ lutia 

u.=..-.+r.u.+laeHa 
1te=leaHi+ .... +l'aas. 

Berea the ·IIBormal 5uacept1bilitiee•, Xu, -, be dat1ned e.o the mraen't . 

~ in the din>ction of 1(1 = 1,2-3) 11ben_ a fW of ·un1t ~h 

1s aJao. act:t.QB _ in the llflm dirGotion 1t llherieaet tlJe ~ su.oept,.tbil- . 

it~, Ei.,, may be defined as the ~at int.meed · 111 . the direction Gt · . 

1 llleJl a unit field 1e aottns in tbe ~• ot 3:• It can be ~ 
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Thul tbl!l ~b.Uity in an aniao~e a,dium · form a 11Syitsetric 

~ eharacterlzed .b1 SU ten&or ~ : of eq, (6~) . 

~ l'MUltant momerrb in &'fl7 ciirtmt:lon,, ~ ~ion cosines 

~ "d11cll 2". 3.t (1a, la, le) 1 1e the SUia of the ~titJne of tl)N)O 

momrrt,s. 

<a ;f'rQ:l eq. (6.;1) 

Mt= t tlt~H3 
'U ·11 be in panicule.r ~ . direction ~ of H, the ~ta of 

s,. a.,_.., 

(6.7) 



ffJ 

K = ~ = l.~3.+l • . +.+21~+.~+21~ . 
. . . . (6.8) 

'1boN K 1(1 the ~'7 1n tho ~--· ~ 
Aa ~tt«t of ta. tom, 

~ 6 -~ S"Jt-!"'Cett or a eee~· &,gNJe ~lace" Tbt_. 

~ (&.1) lllOQJ that tor a giwn ~ of a, t?• ~ ~ 

t• bt direction 1$: p'l!/,a ~ ,. 18. ti. ~ue m that dirreeticn 

et the~ cl 'fJhlch (6.,) 18 tbe eq~ · Fe;r such a~, it 

ie al.va,a pose:l.ble ·to. find a set (Jt onhe-iOnd · ~ suob tt.t tha 

~ con~~ ·the ~ ~- of ·'11$ ~tss -.nish, ·i-. 

laa· = ,- = lia , = o. h&G ~~, ~ ~ $6 tr~ ~ Alllet.t" 

Gt ·~ ~aee, U' 11, ~ la 'be the .~an 0084nee Ott ·cme ot 

lbe ~ ~ an<l It W t.b4, Vl3lw et __.pttbiU.tq dong ·tt., · 

t,lm1 the ~ in 1, 2 _., ) ~ qt the -.-t .,.., 

11J. = 1ala, 1 = 1,a,, 
~t.uting these -.i~- into oq •. (6.~) . 

o;..-1.ttaninfull., 

Ku. h + KMt ·J.a ♦ K1e 1- = 1t 4 · . 

1wa ~ + X. 1$ + lb3 le = K la 

1ta.eh+lm -le+ae.1a =1i. 



!tu•.K ~ K~ 

~ ~ ~ 0 

ita,3 Kee ~ 

-. (6.11) 1tt • ·cubio equation having tbrGe _roots Ei• ~ Ka. n10so · 

~ S\1CCeam.~ EUbatitutoo 1n oq. (6.10) enable~ ~, ·i., to be 

~ for a&ch ot too am8. 

Lat the !t&ld n be in ·the dueetion ot om os: toooo pnn,.. 

Cllpit.1. a.it• Then the ~t-lt in tbli.t du'f>Ctian ·ir.J• 

= a r 1t 1,· lt.1 

bttt, b,)m oq. (&.10) 

.~arJfn: 
=GI : ---rlf=1 

. . . . 

~ ~ ·a.ms. of tllG ~ .surface eq. (6.9). · They a:rre called · 

~ ~l)Gl ~ ~1bil1t1e$" ct tile mtQ-ial o£ the ~. 



ib ha~ ahortm in Sel!tion 6 thot en a..~c ioodium iG 

untquely ~ted by the aix cbelltcientt, Qf a ~ tensor 

antll the •ant~ -and dbcct1on ct the~ ~t:, een be 

~ ln term:, ot ~..ooo s~ e¢effioi,0nt-s. ~ the ~""Gbl.om re,,, 

tlooes to t1w xooa~ -or t~se a!s oeei'f1ef.ettte, vla., !tu,, 1-, 

~, i~, Ka and t».- Tw se--,a.rato · me~"1ods have been de:<~ dur

l?lg t !'l1s ~igat:S.on and are 11UOO as star~o and ~c ~. 

It1 this aoot1a1 u, w:tJJ. deal Tlit..¾. the Statio mothod atm _tbG -~ 

m ,thod will oo ~ later• 

Aaauoo tc;at the ~ to ~ e:as:dnoo. 1a it1. · tha fon:i ot a 

oube At¥! t-Jle o~·w a.;caa 1,.2 • .3 -are taken pa..~l to t he cube· 

Sa.ca:;;,. Ii' tbs ~ is placed with its k\'ie (Z-0:d.a) pa.t-allel to 

tm •gnatizine flold n., 118· have tl"Qil eq.. ( 6-h) •· 

Eb. = I.a tt . ('7 .1) 

~g that H bas no e~'lenil 1'CJl'm6l. to tlie k:d s. s:l.nd.l&rl.7 by 

placing tbe ~ su.e.l1 that the ~ and thG 3 a.:to a.re respoo

~ parallel to t2l$ field, '!I." • ..,, 
llta=tuII and 

If ti. appa..•tua :le ealibtvlted ff111 oatples o£ lmam ~ib'lliiy, 

the mues ot hi,· ~ - .Joo •u.·1:Je ~ -

~ 1f tbe t)iq)lc. be rotated in the ~ ao that the 

t1eld l!IAlme an cmg1e ':iltI1 ·the a'Jd.rJ l., the~ mlueed :t.s, 



where I( lf' 1a) 1D a susceptibility ebare.otoriatic o£ . tho 12-s,lane, being 

a function of the angle '-Pia11 From eqs. (6-h) and (6.;), th$ ~ in 

the· direotion mose direction oos~ are ·l,i, 1.r.a, and o u, .· (4 = cos qii.s; 

le " sin c.f a.a) 

lb.a = la. lb. + ls 1-

= h (ka. lb. + Xia U.) + la (Jt,.e Ib. ♦ Ea Ua}. 

But, 

Jb.a -ta . dl . ''"' T = ~ . ().a + ..._ Km + 211 .;., K:ua 

~ eqo-. (7.2) and (7.3) 

K( Lfaa) =· 1! ~2. + 11 .Ku + 211 la K:,.a (7 . .h) 

l(lf s.ra) U di.Nctll' ~ in term of the Constante .fll the imJtru
mente and knowing It:u., w,· K,,a c,an be e&lculated .fr.en eg,. . (?.k) •. 

Sim!l«r ~ OU1 be . made 1n · the 2,3.; and 13- planea• ·. 1'ben, 

l(lfeo) = 11 Ka + 11 E• .+ 21a la la• . 

Hence, bf m indqpendent meaGlll"e[;ants on ibe l"OCk. o~J.e, 

all tJ:ie au coefficionts of the cube eq. ( 6.U) can bit dete~. . · 

In actual practiee, .bma:Jver, in acy plano K( <.f' 1.-,l is ~ for. 

se.-al Ol'ientatiomi oi tho ~--s w1. th N$p00t to ti. magnetising -

field and a n,an .:1.ue is uoed in calculating~ from eqs, (7.h) 

and (7.S). ThtUJ tho static method conoiata in ~ the values 

o£ susoeptibilitieo at~ angloa in eaoh ot· the three cube iaoes 

ot t;he SIAq)le. 





llJ haw ellOV.l'l that the suscept1bility in an ~e 

~ is cl~ b;v a socond ~ mw!'ace or at\ ~ 

1lbNe aae ~ the ¢ncipal susceptibilities. Sinoo. ~~ 

seotun of an ell1pooid is, in ganeral1 an ell1pse, t1le ~ta 

ti BiUIOeptibil1ty on &rJi1 plat1o wUJ. do~·m111e an $lllpae._ TllUG if 

tbtt cutdoal l!IM;lle be rotated c~ :tn an.v pl.am• one should 

..-t to l'IIOOftl a -.u:tnm and a~ of ~bility ~ 

J>CIIICfln8 to ta lla3or -1 the ll.1.Mr ~ ~tiwly of the eUipso 

1n tbat plar)e. lt tht .a,amp1e bo rotated ~ Gft8· 'ooq,lete ~ 
' ' 0 ' ' 

lut.ien U-••• tbNugh ~ )1 «ae. ehould ~ act~ t-wo· mu::1ma 

cmd tao mSnimat bicause the. ~1bW.ty in the :poait1w ~ ·. 

uan, -,, 18-the 88m · as that 1n Wt ~ti<fe ~t.1.U'lt 

hD,rad.cm&tbcdot .~to~in~ 

,ota~ ~ eaaple 1n t1Je ~ie1- £1e1d and ~ con~ 

~ the pattem el suscepUbUity tor .. tace. The ~ 

le then Ji'fJpelltod to, '- other ,faces. VG ~ now, ehow that 1t 1$ 

poe-.1.ble to detonaine the magrdtu&a and dineUon Of the ~ 

~lit, if u. ~twee and tlirectt.one ot the ma:ame, 8lld 

ldnfs of ~t10s are lmmln. for ~ -~ :,l.anee 

fnthe~ 



'!be equation of an ellipebid 1tl spaoo 'With ~opeot to a 

s:,etem of reetan.3Ul,ar cool'dinates fi.xoo ill the sample is, 

ufiJ ♦ b,yG + •• + 2fy0 + 2cmi ♦ ~ + d = 0 (0.1) 

The aection of this ellipsoid ta the ll'"1)1a.7.0 is, 

tt A and Dan tbe •Jw and minor GJWEJ of the ellJpae, ·its $(1uat1on 

1n terms of its mtC1 a-. 1s, (ll'ig.2) 

"It--• (8.2) and (8-3.) nter to it,. same ellipse• thoir coeffio5..ents 

are related by t.he r~, • 
a ♦ b = at ♦ i,t 

ab-hli= at lY• 

2a = (at + b•) + (a' • bt) cos 2\f 

2b = (a• + bt) ♦ (a• ._.. bl) cos 2<f 

211 = (a• - b') oin 2'1' 

The ~ts in the 11'-pl.Qr;e give at., bt and , so that a1b1 and 

h ean be cal.cul.a.too fram eq. (8.h) • 

* SeG o. Salmon - A Treatise on Conic Sectiorw 
• Longn,aoo, Green and Co. 1 P• 157, 1929. 



x' 
X 

y 

o;---------.,..--- v' 

FIG.·2 



31i7dlat>ly1 the ~us~nts L-i too Y'lrplano irlve b, e and f 

and tbooe in the ZX-plano g-l-ro a, c SL'1d G• Thus, fl.l>Qn tho ~ 

and ~ values of 6'Uf3Coptibil:U:.y and tl:eir oriontat:1.ons in tr.e 

throe orthogonal eooroinate ~a fi.~ in the ~le, a:11 the co

etticients o£ eti• (8.1) can be found and tha eusceptibility ellip,

aol.d U'l'd.queq determined. 

It dlould be noticed t.bat eq,. (B.l) is of tbs. sauie 1'01-m as 

eq.. (6.S), ~ the eoet't'icients have different~. !hnoe 

f~ the~ ar;;,umnt aa in Section 61 if K is tho value o£ a 

~ susceptibility bavlng direct.ion cos:l.rt&s l>.1 12., lo we get 

equatd.ane ldmSlar to 8'.lG• (6.10) and (6.U), v1a., 
la. a+ la h+ ~ g = h I 

l.:.,h+lab+1&£= leE 

11.g+laf+lac =lGK 

and elim1nating 1&. la, 1a £:r'(B eq. (8.S). 

a.It h g 

h W f 

t 

a.. (6.6) witten 1n tull is• 

KIi • P(a + b -ff c) + l'.(bo +ca+ ab .... ::~. gsa. hll) 

• (&be + 2i'Gh .. a£iD - ·~.., • cha) = o (o.7) 

Blt (8.7) is A cubic equation having 3 roots Ka, ra, le Which a?"e too 
"Mnolpll Suaceptibillt.1.GS " ot tba · ma~A. ·fhi.o· oqnation will be 

~ 1mmn· ae ltThe. ~tian of Anieotrop-J". If h, ~, la ~ 

all the .... , the ellipsoid of eusceptibll1ty reduces to a~ and 



the madiura i::; i ootrr.r-;iic. lf on.1y t\'XJ of ths 3 roots ere t.be saoo., 

tho ellipao:l.d :ta one cl ~ut1Qn and tho rooclitm,i is soJil to heve 

an uniadal an:t.oot:;'opJ, \'.i'1ereao if a.l.'.t 'hliO root.a are 1.u•1w., the 

wdiu:m l~s a bia:.,,:ir.tl ari...i,goor¢py. For the sol,.ttioo of the oqu. (0 .. 5) 1 

(3+6) sea A~"P®nJ.:i.x 1. 

In the PN~t chapter oo at-1''8r~t baa boon ~ to explo.i.n 

the tbeOZo/ ot e.nisotrov.1 as ~tt be -ell;>ected to a:d.et in secl.:iroon:bacy 

deposits eontad.m..ng ~ i'e:--~&:onetic part.tel.es. ~ haw also 

a!!O\m now to oote~ tbe dil''tlctio.n and magr-.itude of 'bhe ~'Im 

~bili ty from too mea~ts cm the tlu"Se faces ot ~ cubical 

~ ot the l:llatm:-"la, • 





ftJe pl'e89llt met.hod. ot meaeurtng tbe ausceptibillty or l"Oeke 

Sa baee4 upon the -«ell !mom fact that 1f • i'el'TQmaznGtic core oo in-- · 

tz,oc1uced into the air space · of a solenoid, the· self•inductanoo oi' the 

.M1.enald 1a ~ b7 v1rtuo ot the increase of nux. If Lo be the 

~ ot tllS edl«lOld lll'l.tbout the core and L that with tbs oot"e 

'~ f1ll1ng ·the air .space tdthout uagnet.1.c leaka~,· - C&."'l. 

.._._ ~t.d1', aae:atng the m&@lt)tic field wltbin 1$ unii'om, 

'= l<-Lo 
..,_.. fl, id the •r.tteot4:vwt "'4,neabilitY" ot the core. u p ·is-the 

•t10 of the wlume <'If tlJl!IJ 001'9· to that c£ the a.1zt epaoo of the 

~enald, tlai, 

L -= Pl'l.t ♦ (1-p)J.o 

t = Lo { 1 + (ft .;t)p ] 

:tn alt.ea,,ating fielcls, adtcy' cui-nmts a..., set ~ 1n the 

partd.cl.ee ct ti. CON which introcluce • pner _lo#e dopending on~ 

~cl$ ~ and bequenc)" and the et£ecti""' ~bilit;; 8GSumGS 
, 

a CMqrt)mt fona ( ft-3/- t) • 'l'h'!JD if Ro 1s the eddy cun-ent loss ~ 

aiatace, it ha8 ~ shown by Ba.rgces (1946) tl-1&.t, 



(9.3) 

In caoo of ~ fine ~ sod~ rocks botb s and r are small 

and hence. at & low~ field {in our ease hOO wJClGS per eeo .• ) 

Re ie SG!l$ibly small. Also ao m ha~ shcmn in Secti.Ol'l 61 (J'"'1.)g << l, 
t.he eq. (9.l.) 1G ~tely oorreot for Pl"6ct1oal ~- · l£ K 

is t-.~ vol.1.~ a-..wcept..itr.a.Uty of tbe ccrG 'rJJ can w.rite GCl• (9111) in 

thefo~ 

tak111& K ::! lff b c.c..o .• , p !Y 0.2 nnt1 to-:::·"J!!f ~ (aoe sect.1on ll), -the 
. . . g 

oha?l{.,a of induc·tonce ~coted 1c or tho order of 13 ~. Pl~ 

1Mry ~nts have shm11 that :l.n the caw oi.' ~Jeat aa,..~$ the 
,.,ti . . 

anisotropy may oo o.xpeotcxl to bo Oi., tl-:q 01"'dor of .LI) 0-.g,s-. !tmce 

Tho general ar'l'an~nt at: tho euaoept.it:rll1 ty rwter 1$ oorae

Tihat sim:I.1.ar to tba.t usod by Lamecm. ('-S!i:O) in ~ ti~ _mag;netic 

circuits uancl b·.,1 L?..mson resulbed in ~~ i."lCFeaOO ot the oonsiM.v.tty o£ 



aapUtior tuned ~ to a ~C'J-~ of hOO ~ per oocond. b 

low ~ output o£ the ~~.£::tor is connected to Oll8 Bi<:lQ ot a 

nedul.ator uood as a plie.oo ~im:lnat:lng reetid'ier, &$ ~ b$ uplai228d 

later. An A. c. voltrnfrver acroes the 9\.l.tput ot the ~• G1,V$~ en 

lndioatis ot the noise l4rlel ot the ~1-' and ·of tlw· o.1"£~ 

of the ~ '.l'!1a modulatoi- is ~Gd tr.r ~ ~ oe1Cillator 

wb1ch ~ tl'l8 br1dp 11:d Sn bettam the ~ and the Ne

un... a pbaee ah:tfting unit is ~ to net a ~ phaoe -~ 

tionsh1p bnleen the ~ - Of the _,bridge end the ~t. of the amplin.. The -~~ device 1$ a ~r-t~""'ed :o. C.. ntl~ a.."ld 

a pen teeorder eonneeted :1n soa."ies to the output of the l"ecti.tler. 

Fer~✓~&~ tor~~~ 'till'Wl ~oter -~ 

t!t1o \o time1 an 0Q0Ul.o$eopo :la ~ 14th ite ~ plates eon
~ to the ei~ $.itpllt .ti'nil the a-~l1fier aax1 wlth t'kJ ~ 

ta1 platee COI:ri.eetod · to ;Wle ~zb,g V!lltage frtt1l t~ OtJdlla~+ A 

dGtMil ~ ot the ~s of tld.a ~tibW.ty •ter ts giwn 

in the .tollovtlnc ooctioilo+ 

Of na."'lY alternatine cur:ront bridge methods usoo f01• mea~ 
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..U inducta11000Jt raen•s arrangements o£ tbe ~ 'bt1.dt,t0 is found 

to be most $Uitable, accurate and e~.r to manipula.te fer t?le prosent 

1n.ftstiuoat1on. A description of the brldce may be t~ 1:n any troa

tiae on A. o. bl'idt,re&•* Fig. h (p. 3S) sb.ffile the c1nruit ~ 

ueed 1n the ~ case. If i11 Zs, Zia and z. are the ~ ot 

the bamlohel9 AB1 001 CD aid Jli1 Ne"~cti ~; the bri4gG is balanced 

'\lban 

(10.1} 

nealectinB the Ns:ldual ~ of ·the anie. (>f the brides 11e bavo1 

Zi = lb. ~ =-~ + jt.:1(:a 
. ., 

whsre r-c1 U tho ~ ttequen.cy ot tJ» wl.tago appl.i.ed. Thus (lO.l) 

beeaDee, 

If' tbs product lb. Ba u kept eonstsnt throng!~ an ~, • 

~t fNl'll (lOJ) 

(10..S) 

1'!ld- I, ~ rr ~- 0 ~ 321" f~- u tba ~ to tlllde sen&iti• 

tl, a e1mnge of cap&Qitanoe at o.1 /'-l"f(l : '111"" farad) thm1 a ~ at 
~ . . . 

~ of t1l$ oru- of,! .bsnr't;a ee.n be~- 1t·'411 bG 

ebolm in section 1$ that the~ oenait,i:dtq ot tba app&ratlllf 1a 

~ of tlw order ot 3.U9
~. 
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It is sem frcr11 eQ• (10,~) tosi.t t he bal.ence condition of 

t...118 'br'idge is :l..~t o£ t..~ tn,quency used and» which 1s partt

cularly ~t; the adj~te of the ~~ (viz., c .and. Ra) &r$ 

illde,pel'l&,nt of eaolli otile~t ~ tw, l~ics .;,,t the bri.d~ llll!fl9 

the balancing ot it vw:r ~. ,i.nc'itber ~~ advantaoe 

o£ this bridco C'/VM' Gt.hara liee in the fact..t ae 1-~ f,l"(ln (10.J), . 

ttail a cmanae in the reactive ~ A'• of the unknom ~ 

1a ~ balaneoo l:.rg' a ~ - chanu~ in capadtanCG o, 14xU.e 

a change in :t.ts resistive ~. A a.. ·:1.$ balanced bl' a cbange in 

the NSietanoe R2. Tho .~ of th1tJ .~ feature 1IIUl be 

~ in Section. u. 

'lb& fim9d ~a used arc standard win, ~ ~ 

w.t.th negligible rea:.tch:t.a1 indueta.neeo .&11d ver:, ·amall. ~ture oo

e.f'ftciento (~ 0.002'fo per de~ OG,.'"lti~$). ·i'be· vwie.ble .~ 

U'G a.1SQ 6'tanda.rd ~ w:,und Neisto~ having amall induetancu ·&t 

the low frequenoy uood,. The f~ oapacita;- C& Q a .~ 2ld.ot. 

C<lldetllOJ' of 1/'t capacity having ~tun ~c:lent. 1eae tbat1 

<>.CXl.1 per- .~ centigrade ~ ~ti.on ~ less ·than 0.:0005 at 

1000 cycles per sooond, The capacitor Ca ·consists ot t• decade

caplldtor units connected ~ pa.rsUel.1 mie !a'7ing • capaoit1 0£ 

O,J.f-£ in o.01;c t st• and the. othff. a capacit,- of o.aLt-f in o.om. f .f . 

etot>s. Tho ~ Ce is a high i,reei.Jd.on air ~ continuouaJ.7 

~ frm 100)<-;'<- £ to ll.00 /4-/'- t the ~st 1'8Bd:lne on the dial 

b&ins o.2rl"- t(1r;c. r = ~.r). fbc conr1~ ea 1- • 'Vm7 small ~ 

porature coeifioient1 about 2tl par-ti, Per" million per ~ eon~• 



l&)et ot the ~t ~ t.JtJEid 11&2'-e $7Wl.1oo biJ the Geneftl Mdio 

co., ~ ~tt,,$. V~'/4.a'b1$8 -0» and&.-. ~ . ~for, a 

~ ~ ot: the-~ tl1' f.1rJal ~w balance being ~ 

'b7 C. and ~ E'leopt. t1- teet GOU,. all pai,ts . of ~ ~ ~ 

Bh1elded f1"Qn ~ ~-~ 

An eacillata.r npp~ a ~ A• e., ..itase et hOO o.p.s,. 

is oonnacted to th& brl.d(~ at A · 6i¥i o through a tmleldod ~r ·

w!.th a poandod ~ betwen tbe ~ The~~ le~ 

fu.Uv ~ to match ~ output -~ et the ~ "4.th the 

:mput ~ ~ tile ~• 'Too ~t of the ~-d@i;_ DD is 0., 

neotec1 to the ..,:ur-1_. ~ a ~ -Ghielded ~~ •tch,. 

inc the low output ~ of ~ bri.dge \ltth ~ h'lab ~ ~ 

-- of tho ~. h ~ODS el"G all ~ -'Gd.th ahS-2ded -~ 
ftlG test oo11 ts e.5 1tu.mes ill nraan ~ anr1 a.us 

~ in length anl eontaim h<>a _tu.me o.t lo. 21 ~W uln ~ -· 

1n size lA3WS on a ~ plast.tc ~ ~ b -~ 

taace and "83.w...anoe ot the ooU aa-~ ~ ·.-e 0.,00,32 ~ 

.fiad S--48 obtDS ~ti~. TlWl Qo:ll te ~ --ttwci at ~ ~ 

ot a pa1r Of HGlmho3.te coile (.Fi,g• S, P• 36) of -15.b !tlobee -~ ~ 

e'her 1Sh1.cb ~ a unUorsn ~d .at ~ -~ -ot , ah ~ Pf4'" 

~ ~ ftd.s I1elmbol.ts p&3.r-,. be uoad; U ~7, to 





Wbject tJu, ~loo ·t.o D, c. raa~tic i'ie-lds in order to otud~1' tho 

~~$ of the ~.J.ee. 'fide coil stands on a no~~c p-la-. 

and the, coU •~-ta ~,. be ttu-noo to~ ~e~o..'"l il1 too l~ontal 

plane. Tl:tts-anan.~ io necessar, to ~ tbs f1b:ray pi~ 

~ -elo~"ieal disi.u.·rb•"lOee in the laboratory,. 

!n aa:-der to ha-vi) a re~oo ~ £'ram. th~ ea-rth• $ ns,enstic 

field at the cont.el.'" of t.be coil s--~ aiwtl~,t la:-~ pair ot ~ · 

bOlt= o<!dle 13 an-~;oo so that its~ iei in·the ~1cn of t11e 

total ~o field ot the eor't.h in the Jaooratory. ; Ylle -·mean · ~ -
. . 

•ter Qf the ooUG is 6 feet am the ~ s-not.ie field at -the CGll~ ia 

0.$7 Oe~ ~ ~et'e cur~.. I}IJ ~ly: a~ the c~ 
. -

in tbs ooUs, it 1e poooible _to keep the £!11\~tie ·field •or ·too ~ 

,al,t -~ cen~ of the aoil ~ vd..tll'!n t 0.ool ~ so that 
' . . . . . . 

the inluet:l.on ofi"ect of th.a earthte ·fie3d en th& t~ ~ 1a 

negl.ig:tble,. 

?!le ~ Hol{•" is - _in Fig• 7 (pa bl) and __ '80w 

ti.Oil 01 ·the· ~ bolder mth- ttie w..>st ooil is shon:l hi -n~. 6 u,. -40). 

b ~on tatron is pa,.""8llel to the coiJ. ·llliis-. ·It c~ of a.pair_ 
ot ~ gears n and O ot eqt143. pitch £1:1~ en . to the top ot a pl.a.,. 

t,1c. plate• 'll1e ~ar B ~ . be l'.'(f'-~ ted b~~ tlw rod· D -m:ich in turn l'()!!f 

ta~ . the gear c i.u •M1¢ 0p1100ito rl1.root1ori. .rach of t,.~- i~"'V has 36 

~th a.~ is gl'lid't-~·boo 1n c~es t.o ~t t!ie spacing bet~ .t. sue

eoui~ t0eth is ton do~oo.. c .¢aw.we a-~, ,,.h1ch holcus the ·eub:toal 

"°1t sa.~~ A. Th€J cup. can be s.'t/'ve.ohed to c 1;n or,J;zy- one pos:l tion so 
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Fig.?. The Sample Holder 



~10 of a small a:m.cl4~.w r.10-tor er 1 t>.::;.m.. $.ttached to tr:e pulley 

near -the wtrutoont. Fig. 7 (P• la.) allo~ the cubical · box oontainill{J 

!eme chlorlcle aoluti<m ~d as a teot ~le in the ho:lAw. A~ 

look at tlD pio'ttli:'e 'ttdl.1 ro,..-eai t.~ · g,ro.duaM.on ~te on the .le£'t.hamd 

p~,,t1,;c oi' t,I:ie teat coil and the aairplo holdel· a.re moclo cr.t a ~gnotie 

plast:!.c r.~:oor-1.Al oel.led · n1uc1. ~u. 
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capacitance coupled volta~ llfltpli..i.~or vmero each tube 1e s~ biased 

l:,;t maan$ of t11e cathode reeist0l'8. The 1J1,ut tube 6$Q7 ·1e a htgh mu. · 
~ having an ~tc!lr ~or of O!'Je hundn>di tt. ~~ ·~ 

·• .6.Jg bas an ~lillcation. ·.taetor ~ 20 ~ each plate of the, ~ 

triode tube 0017 llaa an ~tion facto,- ·Of 70•• 

u, '1.--:ioed~· 
l'p .. plate ~tanoe 

r,· --· ~cation f"actm;-

then tor each staaei the ffll.tage na1n. ,ld.~t too ea~ ~ 1a, 

u, ~, a ca.th&do ~ Zk· 1s tnt~;· the ~ ~J.fi .. 

cation b0cCD981• 

tt ft: consi8't.e ot a reoi~ ~ by a ccnden&e ot l&r~ .dplo

itat\ce (.-v 20)'-t), tho value ot Zt is~ -3..\ t. altematme curred · 

and GI• (12.1) a,;,neiblq ~ to oq. (12.1). 1bul· ill ·the fhist ~ 

of the~ the ca~ ~r ~ · ~ the desired grid · 

bias wlt&e,, eop 1d.tbou.t ~ appreei&bly the ~f:S.oation o£ . t1-\. 

stage. Alme,_., tb1s is not true 1n thB sut>eog,uent ·~ 'dl01'e each ·. 

cathode ~ ~ a ~tiw feed ·back current and the ~ 

• h author is e;n.t&ful to -• ~ n. B1cly ~ ~ int0Jt'l8tion 
~ a aamowbat s.'irdlw oSftult, now being U8$d at ~ Geo- · 
p~eal OO!'\)(Xt'et1021, 'l\Jlsa, ~ . · . 

• SeG n. ne1oh -~ ~ Applications (JI· ~ ~ 
•lic0l9Wm.ll~·.eo.,~,19h4. . 



cation. is as ;:;-l7e!:i b-J cq. (l.2.2).. ~.J& e.ffeotivo load ~ 1ance i'L is 

pz,ietical.ly equal to the N~S"amce of the r,&N'llel oO!lbination of 

plate and ~id leak reoiste.nces be~use i.'11 the m1<l baud b'etluency 

rangs (hOO o.p. o.) the. x-oa.ct.ancQe o.f tho coupling eonde.naers rJi?,.y be 
I • 

line f'llter1 consistinc.: 0£ a ~ir;tanoo and a largo c&pa.oit.anco 

As pointed o-.J.t 0arl1cr, t1'.iS amplifier is uaoo to ~lify 

and detect a small changG' o-£ 'Wltage oovolopcd acrost the bri.dee due 

to a S!l'lll c1:Jll1£,'U of inducte:noo in one oi its ~. It is ne~7 

b.ridZQ a<> 'tl'Ja"c. ~m.y t:reciuoncy belo-~ <:1Z' a~.xn-o 'bh1s tu.il}ed £n,qua,c;;7 -is 

1"Gject.ed ey t h~ arrpl:ii'ier. · T'mD htio boon accc,m1pl1shed c(')nvenif-Jlttly 

tiW) !'eed back or dc~1Gt:!.w circuit (R~:,.nt3C~) betv,t:Jen the e:rid 

a.id the !Aate oi' tbs first 'bubo ao shom in Fig. 8 (p .• 43). It .a 

ti..~ ahoi'!l by Scott (19.30) tll£lt tho gruat ac'lvantage ot this eircuit 

er~ -f>thar OO!wontimml degenore.ti?:S ~im:tdis lies 1n the i'e.-c't that 

the Qen8it iv1ty o! tho ~1:1:J:ier it-se-U :le: n0t reclucod at tl'JS turii..'lg 

.frequency, t hat io1 -hl.-i,st the eain or tJle system at the fl•aquene'IJ u, 



--46-

/ 

t~ without. the ~Mon. For a ~ circuit ~ 

of a ~ net atld it.a US$ aa; • t~ ·back ciNruit-1 de& Tuttle (1940) .• 

lt can bo pNtVed that !OF ·1:>est ~~, \10 DJ0t ~ 

lli = Ra =- tla 

oa=Oa=c./2 

It1 8uch a case the null ~ of fWln-T is 

fl'Je teed baok ~ B at .81S1 ~ t 1-· ·p,-n OJ'; 

" 1 
B. ;;;ji 

~ P " t/fo• 
-ting B in ~ £--, 

:a = 1:al~ (j cf) 

(12J) 

Bi• (12.h) 1a the po)N equattcn .flt * ~ ot radius 1/1, ~ to 

th& imagJ.nari.1 am.s ~ -.th .ntel- at (l/2, O} • ~ i.t ls seen that 

ae p ~ h«4 o t.C)l (£ ~otot0) 'I~ ~·o to•fi 
·r :ti.a .1· t dtn r 11·,-ar IJ.l 
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~ n... A ~ · ,. ... a . . _, 
, r- !it_+~c 

l+~ , ·-u 

~ the voltage gain is less tl)11.11 urt1.ty am the~ is. ~ . 

to~~ rpl~ U ~ is ~ ~ to unity. 

h ~ aa1n of th& «ql'Ut,.__ ta ~ by tl!$ ~ 

leak N:J_1.tto,:t R6 1hteh i$ calibrated in ten\lt ot the NU1Uvit,' '1t 

the ~tuo ._ a ~. The ~!'llll. gab ol the -.,,,,._.. 1a f~ 
, 6 , , , 

to be 1-1 X lO and at tbt •1thmm gain the nous-lew4 of the ~ 

ts ~ 0,1 'YOlt. 

1m ~ is ~ted w tbl';l) b.r1dgc out;pu.t ~ • 

~ ttanst~ having ~'ldQd ~ bet.en tlJC& _ wh>.di~• Thie 
, , 

tJUtplt ot t1l9 ~ 1& ~wed to a~ ~w rectUicr 

~ an ieoktins ~~-as~ 1ft. the m3tt *~ 

1tie total output eAf • Of_ an &1..-tiug oura,,nt -~ is, 

Sn ~ ~ the pbaae· ditt~ 'bn\lJ80li ·the ~t .and thl(il 

Clltput vol.~ bei~ ~ l,)y· tile brldge ~'-• ·The -

~ p~ ~tor ~ -of _the ~e.m.f.~~ 

trol.W :tndiv!dually by too ~t or ~etiw, balance and the q~ 

tAlJ-'e Ci' resistive balmwe. ~- in the ~t bridge (Fig. k, p.;s} 



tbe ~t and quacb."'atu:re br-ldge oon-t-~'li.3 ~ ~ti~ C and F.,a in 

tbs Dt'iil re. '1110 custor,";,'aJ,7 tsahn:tque in ·bridge ~ l"$quins an 

al~te to ant1 fro ~ulation of the ~ and ~t.lu'e ~ 

~ setting to suceoa$1~ ~ minflsl until a ~ently 

~ ~te balanoe ie obta~- -~~, ~ snitoblo -~ 

and ~ -adjuu~ of~ it~ poosible to balance the -~ 

~~ lltd :1:ndepoml~ £$1' tile ~ -and ~ture ~ti$) 

ttm, tor ~. tho- d:1.3:'ect, -~ can be prec..1.~ 'bal.anoed· witb

t.Nt baJeootng I.CCUlNlteiy tho ~~ -c~t.. ~ -- in ·OtU-~ · 

.. invn~tA.0l1 WON ~ ~la~-th8 -~ of in. 

~G; too 1~ ~ is nedQ eensitiw, --~ to tb8 Oft~ 

._, tA a change of · "8fl~ in the. tJridt"G1 . the ettect ot Off~ 

due to a QM!li~ tJI: NfJ~ 1n the ~ · ~ •~'bll' ~. 
'1'hia ie 80C0iq)lismd by uaing & ~ ·elu.i'ting de'd.• 1ft ~ti.on . 

111th a ~ "Ring tbh:l,latorft . o,- tt~ -~ ~ oL~ 

cu1i, 1!tdtJh 1a used wltlel;r in ~ ~ ~. SU.Ch a ~ 

cult UNd as a pbaM s-eloetive 1'8Ctifior i.11 Shown in Fig., ? (p.,o). 

:rt oonsiets of totW ~~ oonne~~ wotifier$. Tbe 

NCtitieJ."$ used ~ ... the· ~t e&aG 4"i -balanced ~ J'$CW1ent ()f 

:mt..o (BTlvanla) type. FOUS' ~tances of 400 oi. ~ -and t• ~ 

able resistances of 200 -oma G6Ch aw inwoclu.oed Into _ti. bri.dge aa 

$1~ :ill the figure.. .Qne. e1ds ct thG 'wl.de,., AC and the. other $id$ ID 

a:r-e c~ ~ti~ to t..Ti$ --~ o.t ·tllo ~ -abd 

raa~l-.1 ~o.rmn f2 QOl:i h-. ·The ~ ot ?a :1o ~ to . tJX> 

~~ ('ddch ~~ the ~ bri.dg~} through a ph,aoe 
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Dniftin(; <l~•.r.f.l.ce as i71Jl bo ~Wnet'l later in tJ11s $®ti~ ~ pri.

Jlm"'J of T~ is OOl~...00 to the a.atllOde output ot the ~. 1'l• 

~ tap$ of tlIG DOC~lea of fi ~ i':a ~ ~ to ·th() ~ 

~ .d11'ect~t~~. Ao~t~·otth!.o~ 

2.a'-~ baa 'be«l etw.n b7 ~~~ ClSl,o}. tile aotion ~be~ 

quialitaU~ 1n t.~ ~ •• 

A~ the brideo is ~r11' ~, (a volt.a,-~ the 

~ be3ng ~od 'bei•en the poin.to A ~ C;; Gad .th& ~;Jr;. 

£1- befne d1scomlo¢ted); 1$ ~--halt ~ .... * · path· 

i\00 ~ the path ro1 1IUl. be c«li~ but the. ~ttali, At S :and F 

t4ll. be ~ tlu~t so that no out~ viW. i'1Jmr ~ the. •~ 

arimetw u.. ~ U t..'l$ oae:i.l.kt. 'be ~ -1 • voltage 
. . 

£mn ~ amp~ be~ bet~ 9 an,;!». ~ ti0 ~t TdJJ. 

fl.ow in it. It ~ · ~ · and ~f:ior vcl:t.acee both ~ ~ 1 

the CU1'l'8nt tarot~ 1l w1ll. depend upon tlW ph.loe di.ti~ betweu ·th$ 

t.w:> voltages. 

11; Ghal1 ~ that tJle otd,lla~ '1Q.\~~ (e;plioo. ~h 

·tha pha~ unit at hh) ie mueh ~- than thG ~m. wl~ (~ 

plied at 33) so that th& ~t, 1r1 .tbe ~~ lo ~•.liv con.. 

tl'oUed tv the oscilla\Qr volt.1130. Guppooo in t.118 ~-rut p3Ae<'3, both 

tlleBG vol.tages arc in pl1aae am the ~ · 1i. and 11.·are ~ 

posit~:~ 1n -~~ tiNt h5lf ~e. it, ~ oa~ ~m .tt•t fu this ~ 

~ ~ ean onl:; flo'r,1 tb,;>OUgh ,,.e;ho 3N1et.i.f1~ in the· cii.~ion ot 
the~. . 



th& rect..i.fior b aa..'"r'leo .moi"O ~ tbtin either o£ the rectifiers a 

and c and the non-1:.t.P..eo.t vnr:tati~ ot at.ll'ront m th voltacto cauzoo the 

~lee of b to fall,. "n10 pot.ent:tal of' D then ~le$ t.bat of A 

~8 potential .of F h1.ghw ~ tmt ~ E Md a e'Ji'rent T.d.ll :f.'101;7 

through M kl the oiz'ootion £?'001 F to E, Sirnillar~, U t. and D ·w.-o .at., · 

lla4t.aneow.tly negative ~~a too • aeeond 1Vill' ttl-~, the ~!er d 

w1U. fJa't"1!Y mo%'$~ than eithe-r a OJ!' e, the pcf-...ential of .c epproaobes 

that of D ancl thG C\la"'l'Ont will fl~ in t.L"'ie ~ diroot1on !'l"Cm1 F to B 

~ M. Thus vban the volt&t'..,es are in pbaGe6 the e~ al.mys 

fltma in the sam direction (fffln F to B) ~.lg!1 ~ an<i tb.0 ·anaunt of 

~ 1$. ~ F()portiMal to tho ~llfioz- voltage. 

wow,. ~se t.he w, vol.ta~ ~ out ot p~ so that 1tl<m 

A is :poaitiw, Dia negative. In this ~ the :roctli'1el'" o is OON 

cdbductive ~½an "'1tt1ar b w d., too potent,ial of 13 ~ehee that O! 

O and the~ o£ F ~~than that o.t E so that a~ 

f'lawo through u in ti'l$ diroo+.J:.m tram E tc F • '&a dil'OCtion of tho ~ 

rent ~ too same. (from E to F) du1ng th, 1~ half ~ . 'm1Qn A is 

~ti~ &n(l D U, pooittw •. 

'lMe ~ ~ in too ~tor. of th(J. eype ~bed, tbe 

~ through tJ19 ~er~ on th$ p~ dittorance ~ 

t.ffl tm .polAtiaing voltage (i.o. the oacilla:tor ~lte.ge) rox! tl:ie 

valtac,10 to t)(:J me&~ (i,o. the ~W'~ vol.~). '.l'hie p.tmse di£• 

terenee can be adj~ ·~ the oooillator voltage is fed ~ ·a 

~ing Urt.tt• (F-.te. 3i !>• .3.3). 11 simple £orra cf $Uch pl'l$$e oJlifiing 



unit is sham in Pig. 10 (p.~). It \l~ first described by furner .:and. 

t!cI~"?.n:ro {19.30) • 

The phase eh:il'tinc uni,t esoen~ consists o£ tvto equ:ru 

fi:ted oapadtaro C:1 and Ora anc1 ·two ~blo root s'°.j()?'f!J R1 and P-2 

m.1.ch are at an times 9';!U&l to ~i othea'" but lr.i¢h mil:V he varlod 

~~ b:,' a s1na1s crmtrol knob. tt $'-lp(j t) is tho volt&.88 ct too 
oaeWa~ applied to A am o, tlw 'm'l.ter,o at B am D Tlithout an::, load 

v!l1btt; 

en .. "1l = .. (n ~ 31:'c> ~U~l 

en - en "' u ,~ t.sg; @lt)(j tJ"t> 
tJ 1 ♦ j-WCR 

and 

Y.11) can 'lllrite eq. (l.3.,1) in the £~ 

8I3 • 0p " ~ f j(Wt-Q'f)} 

o,r 

lt is seen. b-om e<i• (13.2) that tl'l$ output "JOl.tage bno the 

1JWOO mr,u.tooe as the input wl.tage ~ ite pl1&00 bas ct~l by an 

aanm·t; a. <f •~ <f 1a g'l.wn by 8'1.• (l3J). ·Tt?us. ,._, ~ = na ~ o. 

the input and output vol~ '1.rG ident~ •~ U Ra.. -= Ra~ 3./c,JC 

t.ten tbe output wltage will be in ~turo with the ~. of the 
:.. 

oscil.l.a·~. Finally if R ) ) ~o tllen tbs autput volta@l wll1 be nearl_y 
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'JJXf> out or phaoo v'?1.tb tiltis cnoillAtor e.r.a.t:. 1b.ie: a ad.wl~ .aa

~ ct itl. encl Re -~ a ~sei~ pbat,1$ ~ of near~ laoo 

o.f the e.m.t. of th$ ~~ polari.r;!ng ·the ~tiec ~ -

1$Gl.at1fta an:1 matched ~~s .~ ~ to the ~t and. the 

output ot the ~ ·ehttti.ng utd.t ea ~ -in Fls•· 10 c,. $4) • 

"!bud by ~ · o£ tbs-·pbaeo abi.fting tl1tt _ 1t .· lo ~~ to 

adjust the. polar:Ltd.ng wltsee ot tm mbdul.Ator - .tblr.t 1t to etthor 

in pbase «t- 9()0 out ot phil\se utth the ~&,r ·wi~ JG ~ 

-,a""',(- • TL Cl ~ is used .. 4;\.-~~ ... .,..~ ~ 
~-~ ~ . . . . ~ ~ ~ ~ 

tbe pblsiD ot the -~ 'd.tage :la ~ ~ -- '- balJine. 

point, W. mte:i ~e ~t.t.• to ~ ~ l1I ~- ~ · 

~ Ul- t.il8 ~~ ~, fllG ~ . ~ ~-~ 1n 

~ in the br1tlge· .and beQ,e·. ·earl bG calfl,p1ted a ~ ct· ~ 

~. Tmw an .e:.net,·ba1ance of the~-~ 1e ·m,t; ~ .... 

ossaryJ tbs off~ Qf this br'4..AU$ due· t.o a ~~ -of ~ -

can bG l'8Qli 1n an A.. a. vol:tlli3ter" ueed ~ the ~ ~ as 

shom in. 1?1~ 3 (p. 33) -t.md U ~ can b0 ra.--t1t'ied ~ ~ to 

All tho ~ saer..lee used fn too ~ ~t~ ~ · 

~ fl"(lU tl~ co.U.ootion (sde i.n ·tho~ 19hO and Uh,) &t t1te 

~ of Te~ Magnetism Of tll8 ~ Xnuti~ of' 

'V116h.'t.ngton. The ~ and cubing operation:, uaed f~ ~ .~ 



haw: beon deocribed in detail b-.; Torreson · et a.l (1949) anrl Ora.ham (1949) • 

Fer the ~ake of continuity m give •hffl."EJ an outline of too~ UfJcd. 

The roclt ~loe used. belong to ~.:.l10 are.ined ~ de

posits mi.oh ha:tro no o'bviOUtJ "1gno of rotamo?'ph1.smt recrystallisation 

m- at.Nam ootldi..'-lC• .\.f?ter a site ia ebosen, a S/llAll. ~ti.~ ~ 

face 1s oclooted on ~ rock v.eU. 'The .S'l.4-taoe may b4i eitoor tba top 

ci- bott<o cf a ele.b prr,Jee~ $ligbt4i' fran the min hoay• All~ 

~ 8l'O ~ Witb a Bf'unton ~- In 00.00 °' ~tal 

beds a lino \'ll.tb an an-ow 1D ec~ m the sui-tace with a d:1amond pen,.. 

ail to f'l)J)roeent the -~ ot ~&netic nort.h. In case ot in

·oliried or folded be&.4, a btllriacntal Um 1e scribed on the S\lrtace; and 

its strike am dlp are noted. The ort~ t.taq>le is t11en ~Y 

ba'Olma. ava:y fl'<D the rock .U. with -~~ mid.~ a, a · crm.ur. 
For cor1ne, the. sariple 1a i!et in q,~ting plaater such that the 

ftl"face with tlle ori.Eiltatie ~ ls ~ontal.. The co.ring bit tlxm 

cuts a c,ylimer (1'/6 inch dialil3tw and about 2 indles long) haV'ine 

ito a:ne normal tc the horlmontal bedd1ng or the :rook. a Jem. cubo is 

tlwn cut i"rc:a the Cote uz.d.ng diam(mcl -- such that t..t"1e OO[!QU am pax1l-.1-

lal to t..l:18 tw orientation marks ( ~., tbs str".ilie and dip) anc1 nor.ll'U 

to the orianting surface. n~ strike !a U$U&Uy desiennte<l as ~a, 

the ~ edges being ~ as Y- and ,~ ams as in a rlr)lt ~ 

~ o.t eoo.'"'d1natoo. The ~ts. ai-a ~-5.ocl out rolati~ to 

thesG~ .. 



isfactory cube ae l10ll as poosibl~, e. coati."l.g of lacquer is applied to 

~ disi.nt.egratian• lt. is elairood tbat in spite of these el.a~ 

mtboda of coring and cubine,. no ~blo change in th& ~it ~ 

eriieo of tlw sa.~loa ,_, obsei"'V'Od. 

~ ha:'~ deeeri.bed hi tlw $eeti<ms .9 to lJ the design p~ 

~ .and the ~tian ot t.m various pai'ts. ot t.he SU$CsptibW.t)" xooter 

\Wed in too ~ ~tion .f'CT' ~ the anis~ ot Gooi

~7 ~. '11l9 ~ · ~~ of tJ'le ~tus td.thout tl• 

coil assemly 1$ $halJri s.n .. n.e. n (p. 58). In t.l~ ~r»nt SQ:Otion • 

shall discues a few ~ det&1ls of tlw actual ~. 

b ~tu$ ~ calibrated bJ f~ ~do $£t\Ut.ion · 

~ ~ibil.1"7 1$ ~toly kno\1n f• dU'ferant eono~t1ClelG 

(iee 8eQt1on 16). The $0lutiona ·v.wo ~ in ma13. l.noitG eub1-l cupu 

~ ·~ volume.a ~ .eq.ual to thoGe et tlw rock ~lea to be 

~. 'ftlue eup:s oould be ~l""J' eonwm.ent:cy- attao!1(;Xl to the sam-· 

pl.c· holdor $$ SMm in Fig. 7 (p. 1:l) • In ~ to r-~ out if tJ10 

~ .Qt too test a&.s~ bad any ottect on their susceptibilltiea, 

$USCeptibilities of !err.lo ehl..orl.de sol:utions ware ~unxl !o'JZ" dif ... 

t~ or:t.oo:tationa ot their --. 171:t.b ~ to the a:d.s· at too tatit 

coil. No . ctaige or m.wceptibilit)"· .._ het1.ced and its affect, it anw, 
"°" ~ mtcb msllsr than tbL.1 ~ti.v.tty d: tbe ~tus. 



-5 

Fig. 11. The Susceptibility Meter 



I1enoo tho c1Mo of ~filhf'34ty-~ tcr r'OCk ~ .. q 

to maanet,1.o, ~ 1' .a ftOt due to ~ Cllbi-.1. MIIPlth _ 

h~~1cfteldmt.i.wnooG•-'u• 

- ,-.1.blo in c:a-4e Mt be ~- \o ---- - ulu-1 ... 'fd.Gblt 

Sil t!l$ ~ flle -~ t.leld ue.d ln -.. ,..... ~tton 

-. ~ o.; gaue \lh1.c,h s. ~to• Pl'e••• ~ ~ . 
tt -. btwae'Uar, ft!lll~.t ~ 1ihe ~ ti-«1.ty ot • __.tu. -coula 

be ~ ~voral. ts.e by~ tt. ~ fttld to &bOut 

h ~ 11AthlNt tn~ • ~ ~ u ~ -~ '1 AJ.1 

tJ3e ~ _.. made An an •~• t1eld _,._t ~on <•· . , I. 
p. JO), 00 that f1lf7 et~ of the Eanhfe lllp\f.c tl-1,d Ul \he~

tll:dl!tq of t.l1e \fwt. a.plN llllt fl11:adM1-it . 

DWI ~W.\7 . ..,_. .'ill8 .,._, t. be -'- to .,..,. . 

• -~Wl.itJ ~ ot :II' ~- ,., ¥ vat .... ~ ~ 
.... ----- GOUid - be WJod - _., -- dee-;-~ 
....,. ~ - ~ ~\dJJ.'F that --1A - ~ 

... 1 
-- wtth ~ ~ ._ -11' ~ O!dtflllt PII' · ed IA_. ... , . 
.,.. g a ».1 Q,f: ... ,_. ~- Wben the ,.....\t-.ttr _, ztd.1184 ~. 

the ~ of tie ~ pWlt, o.f the· ~ ... ,. ~ dit• 

tl.«4'; :l.t not ~ble, - -- ........... wl.'lb ~ ..... 

llk,y'. 1'hU .. ~ ~ due t() t!lt ~ ., ~-- -

the -' coS1 end~ o~to of tbl ~. ~ b7 tlm.tt.ul

tfAle. ot ~ 1na1de the laba.r&teil7+· It -- tic, -cu be -~ 

and tbs fU11 SClQd.tiv1t7 at the>__. NM\i.., ln ~ bf~ 



-co.-

the ~ in a ~tun, controlled room. ·Clttlng to this ~ 

t1ca1 limitation~ in tlxt immstigation, ~ of 

~ 'VI01"G restricted to rock ~ hav.1.ng total. ~t,U. 

itAAle o-ter tbm 5 E llf" c.g.a. per o.c. cm the auppoaition tlvlt the 

~ in qi- case ms at least one per emit of the total ~ 

uh1-11v. 

• -~ d98crl.bed a P8n n, two mDthx1a or ~ the 

~ of roclt ~- Aotually1 it ~ e8SUy seen that the ~ 
naat.c llethod of~ Sa eQ.Uivnl.fflt to a :a., ma1.- ot St.atio 

~. In case of l'OOk samplea tav1ng ~bUlt1.e$ ef ti. 

....- ot 11" o.s.-. pell' o.e., the. ~ ootbod.-. found to 1-· COll'WU~ 

ta, qtdcJ: and ~. As po;1nted out betare, in tbi8 method the 

bd.dge 'IIBCJ first proporly balAnced with t.he c,aq)le w1do tbD test coll, 

bn1ne am ot 1ta &3ed pare1lal. to t!1e coU ms, IIK1 Ulen \be -.,i. 

,... ~ flft,llted 11'1 one p.1.ane b:Y. meatlS ot .a ~ mot.. 1h.l 

pa~teftl ot GU808ptibilit:y 1lb8 recorded . Ge • pen ~. the ~ 

imalnt me tJlm1 repeated for tho ~ t• planes,. ln .. ...,. the 

poeiUone of the m.xim:m and 111.n.1.mum Q£ su:,copti,bW.t7 1tt arc, plw· 

eoul.d be ~ within a fn de~ and tile diroctt.oll of the --.. 

baa ausoeptibilit;y in apeee eould be determ.lned within ten d~• 

lb caae of s,aq,loa hrl1nt! tNaCeptibillties 1e6'S than 1~ e.z.a. per u. 

UJO DJynamic ur>thod •• teuld to be leee ac.cvate, because, due to tba 

drittine ar ~balance~, (at higher sensitivity) the positions ot 

1111:imum end mLn:lJmn could not be detend.nod wit.hin a fn dogreea• In 

U.. ceeos, tl» sta-t:Lc method, though lnbw'1oos, bad to be used. T'aia 



method ooru.r.ste in the actual maaauromonte of 8\1000ptibil1ty rit diffel-, 

ont or".1.errtc\tions of t..,'10 3lql1e 'litth rerrpoot to tbe coil &ma. Tb& di

rection of r.:lWOJIJlJr.l susoeptlbS 11 ty 1n theoo oaaeo. could be ~ 

,nth an uneart.aiuty S<D:Wihat ~ than ten ~. The pNe!9Dt pa

pal!" reporte the rerrults of ~ts ot only tbOao campleo uhGU the 

directiona uere theugilt to be OQliftet •~ t.•lt3 deg,eea1 ~ 1n 

a ~t majority of oaaos tl10 d:becticne 1IEre probab1y eorrect within 

ten der,l"CIOD. 



MRT_IV 

fr.ESULTS t\11) DISCUSSICIIS 



~ '16 --.,PtJJd.lity by the pNGEmt ~ty 

Mete- are not abeolute, btacGJ lt 1s neoM88:7 to 01'1,jbrato the Metm

i. 89n\'1ae ot kDom smaoeptib111V• Aqmow, ftffic cti10rJ.de ~ 

ti/I d1f'fllNnt ccoceatre.ttou ,.. tound ta be moet Did.table tor t1x, puz

poea. The ~tbBcmam Pb:,ld.oal Tables ( a:1. 3~ P. h?S, J.glJ) g:J.we • 

~ ~the~ by 1la1ght (p) 6t FeC1e al¥l the ·--

8Wloeptih1l1t,r aa ~• 

!a = (p/l&X))B ♦ (1 • p/J.DO)Ho (l6.l) 

Yllerc, His the 1111118 a,uacog,tibUity of P\ft reel-, giwn as 90 x l!J·" • 

am Ho ie tbe 1111oe OUHepUM11ty ot •ter; given ae ..0. 79 z J! 6 • To 

obtain the wl.-8 ~ty, this W8t, be mu1tSpl.1od b7 tba dllnBit;,r 

o£ the aolut:lan used, lhioh -, be found in q- cbami.c&l handlx>ok. 

It, hi.a bo(l!l abollB in ~ 9 azxl 10 that if • ~ 

...,i. be ~ into the --- ot the test cail 'llb1oJl toiw - .,_.,. 

at \bit bridge, \he bridge becO'aae ~. tho change ot ~ 

~ ~ coil. being ~ to thl> au,.,captibilit-y ot tho -IJllq')l.e. 

DJ1e cban6e at ~ Olla be ~ ba~ b,r' a cl.laqa ol 

Olp&C1taw 1D tho eppeslte .. et the ~ ( .. Jig. b, P• .3s,·. 
illDce valuea. ot ~t7 01b be eaia,rea11d .Sn ta. of tha 

cbllngeG ot oar,eei.tanoe and ~ ..... fable I (p. 6.J) g1.,._ the 

ftlllUltli ot ~ • alz ~tione of reel.a so1ntim am 



$1.IU:..S I 

cal;t~tion Cha.Ml 

' K x 10 c.~.s./e.c. czlt)l'IF&rade 

2.7 ,-2 

~ 
ss.1 

r = O.'lai16C + i.aa (16.2) · 

\lu'e. ,, tlle wlma OUBCept.1bil1ty1 1s $Xpl"88aed 1n 13 6 
e.g ... ~ o.c. 

and A C1 the cbmlg8 ot capacitance 1n it,JI taada+ It 18 _,. t'Nil 

eq• (16.2) t.hat it E : 0, then b. 0 = -2J3t QP ill ~ 11l>i'G8t U \he 

~ l»lder (see Fie. 7, P. Ll) without~ .._ie 1n it. be G1W i®o. 

the test oo11, thm3 1s • negat1• cllaDee ot ~ 1lblob ~ that 

tJ1e mtorl.al er£ too 8lq)le ho1oor behaves ae a dSWID~tSc ~n•• 

flu diBr-mRcnet:1c etfoct of the -.,. bolder· so totmcl to be eonatant, 

~ tlle 1nWGtiaati<m -.1 ti. eonatAnt ·term ·tn 8'1• (16.2) lll7 · 

be ngardod as a constant ot tho~ 

Torreson, ~ aoo ~ (1949) baw Nported the resulte 

ot ~ of me,-tetic pol&riaat!.cm en 99 euplee ot !lat~ 
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Lomr Pliocene or Upper ~ a.go, Fiu• lJ (P• 66) . T'ilis bae be<lr1 

deoerl.bed by Undcn>n (J.896) aS: .fine aralnad fresh star l.e1» ~ta 

&L."ld hao boen ~ Pa~te foimat.:Lon. Saq;>les ftN ~ trem a ,_... 

t1oa.1 distance of DO .rt. G.t an altitude or about 2,.500 tt.. ~ JI, 

~lea -.re a'Vldlable tor ~, ~ h 1llll10 fw.rxl to be ·~ 

fic1ently ~ te enable ~V maa~ats. 'ftv., :reow.to -. 

eiwin 1n Tel:b II and ~blo lll (pt:>11 79 &GO ), ~~being_... 

trom 1 t.o 4. 'l1le wl.U1$8 ot ~ w8C9J,tibUlty ~ tran Wi.. 7 to 

?b.61 T4tb an a~ value tit 61.23 x 11'' e.g.a. per o-.c. 1be •~ 

age valuee ot aa18o~ 1n ta. tw ~ pl&ON an av. A,. = 1.6 

and ay. a = ti.s. 'llle -~ 411'8Ction of ~- ~bt.l.t~7 la 

giwn by 

i'be ~ of the J!'Ndmt:ra auscoptibilit:, agrue tairl.7 .U. w!.th 

that of the NllllJent •:amt. 1'm d1NcU011 ot tbe paieaoa\ magnetic 

.t1eld at the site 181 D == 11° and I::: ?Cl'. &mco if the dlrecUon d 

xtaldrma suoeptibillty can be taken. &\$ t.t. direction of the~ 

f1eld during the Pliocene \hie, w aoe that the present declinaUca 

ia, at la8et 1d' eaat ot the declination in PliOOGDe tSaet 

In Cll'dol' to find out 1t tmre 1e 887 '91aticn bet\188D tbl 

mamta 1nduoad (MJ.) in the eln\'>leo by the p"8Gllt marth•s t:1eld ._ 

the1r l'tllllft€lnt mi:nenta (~), the wlooo ot the :ret1o UJ/ ~ are gi'""1 



Fig. lJ. Payette Formation, Glenns Ferry, Idaho 



in ~bl.o I II i:p. 80 J" tit :LG t he pr oduct oi tbs aud..mili'il susceptibility 

and the t ott!l. 1ntooa1ty of t oo i::.&a-th•s P.Acnet,ic rtcld, tbo awrage value 

or mi.ch llDS bom talcm to be o.,56 ga.uss. 'illlues o! ii:- 8l'G taken frm 

the· ~ ot Torreson et al (1949). ln the ease of the Gl.enzw 

b• U10f'Jlmle 'i'J.me t Badl.Dl'Xlo.t Bouth Dakota. 

~ of ll1oo$lJ8 age ~ collected £ran tba IBdlands1 

South ~ ·(rig. lh, P• 70). b to:rmat10l'l 1s a finD gre.1nod .. 

c!!aturbed ~ lal01l'l as Arikare0 sand stoneJ see Osborn (19())), 

!lbles II md III (»P• 79& 80 ), give 1lhe N&Ulto of ~ <a 

ti• ~ (numbered S to 9)• The a~ d1rection of the ~ 

lll808ptibility 1D given b.Yt 

nae~ ot the p:reoont •~c field at tbs looality ts, D ~ 34o 

and 1 :s 72°. 1'bs duect.1oo of ~ ~ in theoe S8ll'ples variee 

~ ·trot, ~ to oaq,le,. It S.e also intere~ to notica 

uat \be l"'tl.o· ot 1ndueod to permnont ~ in t."iese aatfl)los is much 

~ tbail ~ -, oaee· e-.mln.ed durir)6 the 1n'Vestigat1on. It is not 

aat• at tble 8taf;e to ca,aw an)" definlte ccmclus1cn ro~ tho dis

onp&no1ee in NIOclptibilitT and polarl.cation ~ts 1n tlua case. 

I\, bowtver• ~ that tba relati\1'817 small. valuee of ~ ~ 

... and the Na\wr1Dg of dinletione ~t be due to the distul"bing m.,. 

tlusnce ot sane~ 11J1gnot1c field on tho ,-{1n.lti mat1on or~ oedi• 

1IDl'.ltS after t.be7 ,_.. deposited. 



7 

Fig. 14. Arikaree Formation, Badlands, South Dakota 



~ lcs ot tiooeffle &81 ~ . calle~rted i'J'aa an eltpOOun about 

one mUe ml!!lt af th$ tell) of Sele.h (YAJ:1•), ~. (11th l!>tP• 72) • 

The ,~ti'Xl is tov,m .. P!Ul,naberg fOl'm&tion and ?ea been deecrl.bed. 

by smith (1903) • It coruw.rte Of ri'fW grawla and _. O'VOl"lain litd 

~ wlth any feet of tine cr,J.ned, i.~ ~ er:&l'Nlt'lta. 

'lbt ~a •re takell from a gpa"VOl pit. The flO:'tical atonsion of 

SU(il111{~ bo1ng &bou\. 20 rt. 

The $1161)les (n.nbored 10 to 20) ha~ 1n general high values 

of ~tib1lit7 an! also nlat1~ id.ch~ momtmte, tbe ratio 

of induced to NlllllnOllt ~ being about 2., on an average. The-. 

tun, of IRlisotropy in ~ ~ pl.an,o8 cf • ~ - found bJ' 

actual ~ 1s ahom. in Fis• .16, P• 73). It is ·seerl from 

Table lll (p. go ) tblt the dirNtion ol ~ euaceptibW.ty var1eb 

considerably t~ .ample to oaq,16, al~h 1n 7 ou.t or a total or U 

Bllf.fPlea, ·~1e dacliMU. "l&rl.u bet~ 351° aw uc> Wlt.h an •~ 

vaJ.U\11, Di = 6° t ~•, tllt a_..,ge ~ or 1ncl1D6t.1.on being It= bh0 t 1". 
~me · di.Net1al ot ~tion of tbe8e -.mplal ia a1sc quite scattered, 

although in 6 ~s, t.110 avnrag0 value ct deolinat,ion 11.1 · 3IJ;i' • The 

clil-ection ot the pNNDt magnetic fi.GU! o£ tbe Ellrth at the eite is, 

D = 22° and I = 'l()D. 

'1be acatteru,.g of t bs dil'ectia1 o.f axsmum suscu~tibllity 

and also of tJle d1reatiGn oi polarl:rAt:lan 1n toooo samples ~ tlll 



72 

Fig. 15. Ellensberg Formation, Selah, Washington 
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e.."dstence ot: c.ttoturbing 1n..."'luoooes at t.ho tiroo of dcpooition 0£ this 

!on:atd.on. Siooe t?d.a format1oo lJBS bean described by Smith (1903) 

us o! proo.ablc nuri.o.t1tc origin, it 1o 1)08siblo t~t ehallov,1 •ter, 
currents ~nd ~rnt1wly larger aim of pal"t1clos made it d1ff1C\llt 

£or a lo.rc-o wr..lher of perl1cles to orlont L~ the mr--cnotic field at 

tho~ 0%1st1ne at that time. 

,.oa b tom l>f . nvil Mnta, c.olora;do, ~"lere 1a an ~ 

lmlt o,cpoeure ot ~ R:tvor torraatioo at middle Eocell0 age deoorlbad 

by 3eara tt. Bl1kll.q (1~), ~- 17. (p,?S). Seven arlonted ~8 -

oollectoo bca a ..-tioal distance of aboo.t. J tt. at an elevation of 

about. 0<Xx> rt.-~ II and III (PP• 79 & 80) giw the rosults o£ 

me•u,ureoenta en fOUJ!' of bse aa.~es (~ 21 tc 2h), F2. ... 181 

(p. 76) is a t'1)ioal ~le or an:laotnpy on three eubo tacos of ane 

of these SQq)loc;. 

The a~ v-..uue at' the c1:1N,ct.1an ol ~ S"dS()lpt.ibility 

The aw.raze .:Lue ot the d1reeti.on of palarisaticm in these aaoplee ia, 

I 

The direction at' tbs present maenetic .t1clcl ~ the '.».r\h 1o, 

I = 67° 

The ret1o or 1Dducod to 1'8t!Bfl8llt mt'Xlla1t in theee G8Ep1Be has an aWll'

age ft1ue of 1.6. 



Fig. 17. Green River Formation, Anvil Points, Colorado 



Fig. 18. The Anisotropy of Sample No. 23 
Anvil Points, Colorado 



U'S read f~ coog:oo.phio nort.h1 clocki~ t!wot)Ch ,36()0 • T!.w ~ ot 

the dL""ectiM 0£ · the p1~aont rngri;-M .. o .f:tald ia also shown tn the fie-

.ti,.~ declination llos v.d. tJi..in l5° of th.ti 0-oo~h:to nor.th and the in

clination lte.s l:>fJt~ $'JO and 6!5° • :rt ·is presat1J...""Cl a-t the pt"et5ent nnn

snt ~ .--aw a.'T:[ def:L~t.$ 001wlusion regarding t,he g~gnetic field in 

tion ot ·t,,'19 g~~o fiold i.n the last, 60 m:Ulion ~rm or so h.ae 

been Yii.th1.n 150 o£ the goo~hie north. It ·nay be resitld.:ed &t; tl~ 

point that thwch the d{:).:J..:1..natiott or mt.L"OJ.':ltlta t;JUOOe[Jtib:Lllty i.'l fine 

·~n,,acl c.t~ts mny re:preoont taitb.Mly the deciJJ11ation o£ thie seo-· 

~tic i'ield ~i:.ine at the ti.'00! <>f t~1:tio.n, its inclim'l:,ion ._y 

tl0t represent tl~ Geomagnetic inclination ooeause the action of ~vity 

and e~ witJl tirr1r.:i fN!J,y tond -to d:1m1:ntsh the inclination of tho 



~
 

~
 

N
 

N
 

w
l 

I 
I 

%
 

I 
V

 
I 

IE
 

w
l 

I 
I 

%
 

o
l 

I 
IE

 

~
 F

ig
. 

l.
9

. 

s 

D
ir

ec
ti

o
n

 o
f 

Ua
.:x

im
um

 
S

u
sc

ep
ti

b
il

it
y

 i
n

 
T

e
rt

ia
ry

 S
e

d
ir

a
e

n
ts

 \:\
 G

le
n

n
s 

F
e
rr

y
 

• 
B

ad
la

n
d

s 
o 

Se
la

h
 

-._
 A

nv
il

 P
o

in
ts

 F
ig

. 
20

. 

s 

~
 

D
ir

ec
ti

o
n

 o
f 

Po
l.a

r-
iz

a.
tio

n 
in

 T
er

ti
ar

y
 S

ed
im

en
ts

 

O
 E

xt
en

t 
o

f 
th

e 
p

re
se

n
t 

m
ag

ne
ti

c 
fi

e
ld

 

I -.
J
 l'
 



t t;.:ar~r; ---.l...J. 

,:_lntso~~l.in ~~✓ ~-

b I, f, 
tocal.1t.y- '5Gqil0 1::i ~ 10 .... 

:,i; 10 Ke :<I 1\-.) AJ..~ A~! l.i, / • ~ 

110. 

Glenna Fen"Y l. 44. 11) bk.OO k2.6!5 1.h k.6 
( f'liooo1w) 2. ?t.~.61 T' T> 10.10 2 .. 5 !5. 2 ~ . c;. 

t 71.64 n.16 69.61 0.9 3.1 
53. 7G 52.97 51.09 1.-- $.,0 ::> 

~ s. l ?S. 22 17).2$ 16h. 63 l.l 6.o 
(Miocene:) 6. . 70.97 69.30 69.3$ l , . 

2:t .• Q 

1. Qi.,62 63.70 61.1.J i.r f / e. 77.r;;; ?" ,,, 73 .. 96 l--4 u • ... , ,i ,.-0 ' i,11,,,.i/-

9. 76.Jh 74.35 n.9!5 2. 6 h.h 

Sol&ti . 10. 292.27 m.22 201.16 0.7 .3 (I .u 
(Miocene) u. 296.2h 294.28 200.87 0.1 2.5 . 

12. 20,.71 aa:L.61 191.83 40 r' 0 ;,• u. eh9.70 ab0.97 if9.L.9 O.J .1 
:th. 160.')f-! 1$0.hO 7.59 1.2 a.o ,.;;::> 
1;. 19b.07 192. s-3 ~.17 1.2 f•9 16. 2lh.h1 212 T' o.a .6 . . ;;; (;;' 1 (,0 

l.7. lhS-18 147.3.3 ~~1' 0.6 6.7 
10. 156,:;k 

~i 
1.6 a.1 

19. lha.67 53 lJl.68 1.5 7.7 
· 20. 2~.01 202.03 190.hO l..O 6.7 

.AmU, ~ 21. 29.;.211. ~~ 27!>-66 J.O 6.0 
( Boooile) 22 • 5a6~02 S00.86 1197.06 i_o s •. s . . . ~- 229. 56 220 .. 50 ac,;.40 ,., lO.S 

• Lhl. l,;' kJ0.12 40:,.~6 2.5 9.2 
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L, ~ to. ~ the ~uoy Qt &tiaotropy to oo~ 

~ Qf ~ ~ ~ ,, ~ ~ X®de on ~ of 

~ 'tilM tm:tcll are ~p-ooed to oo abol.tt J;50 t"tlllton ~~ old. 

· I.Tl ·~ 'ftlth his atwt" Of tile stability of J.'OCk Da

~ ~ . (19k9) ~ a tole :m the' nooo E:iJl forsratioo ot 

Si1uri.eio t-.1- .~ ·toe ·toiim o:t P-lnto1 ~- Fig. e1 (p. 82) • Ao-

00..~ to ~ ~), l'lm has .~ :1.n detail. the t-eol.ocr;,~ of 

tui.t :re~ tte .fo.\d:!Ug ot ~ . $:1.lwt~ beds, took 1:>lace ~Xi tlJO 

-...~'\ ;.,.fl' ~l-u.:. . .,_ ... _....;_......,...,. rmia~ ~j ~ •'V\ .....e,1·.!,,..,.. •-~ Anfi ~"1 .... ~..,i: ,m,i,,A
~ ~ wA;;; ~ _.._-, ~G ►'"".I U,wl4', ~ ~-~ ·~¥- E~ ~'t~I 

~ ~ ~ m 00 ~ . t.aW...-,g ~ a ~ingle ~~ bed . 

that ~ int~ a-om tw to £~ inch&o. E°'J ~hi®l.1.:r N$

t.~ ·th, .~ ·p.Q!nt b3' point to t!le ~ posit:ton (imloh ms 

tne. ~ poaition ·~ 'lto· the ~ ·¢£ £ald1Jlg), ~ foam, ·hhat 

'tJ.lQ diw~ o£ ~Q'lS ~ paralle1 to 0'ile anothoi' { ':dthi.n 

ata.~:1Qal £1uctuation&)J ooo Fi6• .22 (p. 8)~) .. , The .1"e$Ults ·~ ·Eia

pl.td.ned ~ ~ that w.th tho toldble oI: the bed, the po,larl.zat.i(IW 

at ~ .~ in too told (~ ~ ·~ 1~) vm-e 

JIO%ate(l ~ ~ · $!nee t}a ~i,ued tmchnl~ fot" ~ mi.J.,,,.· 

~ ~• ~ twtl~ fU't-;UOd that &.\me the- pol&.~ticrm 1n this· 

,.._ l'a,ie baon ~~ ix> ~ ~bllz> .to,:; tl:m pa$t 200 mill:JA>1' ~ 

~ -.,. be ~ lam~ to ha-. dene eo tor: the 3.50 million ~ 



Fig. 21. Folded Rose Hill Formation, 
Pinto, Maryland 
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Fig. 22. Polarization of Folded Rose Hill 
(Silurian) Formation corrected for 
Tilt of Beds 



~ 

l'n ~ t;o t-.md out 1t the c~ ct ~tiono in 

those~ a~~ tba ~ion ot tbe ~tic~ 

at toe·~ ot depocrlts.on ~ ·al&o to ~ne the eff'eetot def~ 

tion ot 'oodS .on ~ ~~, ~ .. ~ty 

~ ~ ® tl'l$ -. ~ ... ~ . ~4.te ~ given in 1\lblea IV w 
V (p-_p,. o9 & 90 ). .• ~ee ~ .~ Ul ~ . Sft'lttPDJ tr. £int 

~ of fiw. ~ tak$ b,u:t. ··th$ ~t lJd1 .of tba anttcJJne., tlD 

acoond {PO\lp of f'iw .fRltl ·tJla ea.st lidl ·ot· U. ~ (* tm ~ 

~ .. ot ·tll8 ~) cw the tOU'd ~ or fwr ~ Vm east :\.1z$b 

of t lw ~- see Fla• 21, CP. 82)~ h •lua, ot ~tibilitq 

"'Al~ ti:ithin rta?TOtl 11ld.te, t1x, lltl'ld.attm ~tlcxi ~ bn1y 32 ~ 10 c.g~s• 

T'oo auisot4---opios A~ mi Aa in the tf.lO p~ ~ U'G also ~te ap., 
. . 

prociable, ~opt in· CQ8 t>l smtt;ls:s No. 25, 26 ·!Ind 21. 'ntblEa V (P• 90 ) 

gives too vawes ot tJie ~ dlrecti.OM ot ta'ldmt:nn ~wt, 
mxi alt:lo tlae .~ ~ ·the b$t1 v.es ~ to 'tb$ ~ po. 

sition., Fig. 23 end Fie. 2h ~) al"e ·tll$ ~ ot ~ ·and oo,. 

n,oted ~ .cf mt:dr;a:nn ~ty• Tbe avm-age ~ of 

~ ~ibilit,'1 -- ~tut tor W.t of booe le (r-1~ ~, 

Di = 140° t tf' ·l:i. = S46 t 6° 

1be a.~ ~1-1 of ~ ~ of thoS$ Sfltl)lee ia 

ei'\len 1),1✓# (aoo 171s. ·n, ·p. 83) 

o"° o Ji. : -4-0 _ 7 

I :. 11,,0 
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~he dil""OCtion o! tlID:lmum rrnsocptihility agrees i;iell w.l.tb the direction 

of polarization mthi.n statistical fluctuation.a. It 1s interostina to 

notice that tho inclinations of pol.a.1i.utims are ooce.tiWJ. According 

to the convention ~ted thia lD9&lS that in tbls tormnt:lcm the ~ 

t:loloo UOt'8 oriented 'r.6.th their south oooki~ polee dippinz ~ 

iw.A&cl at oor-tb soek1ne pq.les as in tbe c&GG of Tertiary ~ • 

• \s Wll8 pointed out before, it iG 1.~ble to de~ the soooe ot 

d:irootion from ~tibility mom.sureoents. But the clooe a~t 

b(rt,iJN)811 the :ruoceptiblllty a"l'lrl ~.ea.tion ~ and the ~ 

onst~tion of the stability or the d!roct1ons over long perlods ot 

time · suggest that the ~tiuw in t.iwse sampleo probf,.bly ~ 

sent the di.rE--etion of the ee~et!.c field dur:L.~ Silurian time. 

Although it is mt athS.n the ~ · of this st~ to ~ 

the rewrSlll et polarity or these ooc:11.,~ts, a few~ are~ 

t'd.ltiord.ng. Tho at:momal po~tion in this case ~ be .~ 

to be due to several e&use(3, vie., tho l"G"m:rsal ot polarity of the ~ 

mD&'1lBtic !'icud 1n .Silmian · ~, the mowment t)£ tllEl crtlSt ai.."100 Silu:rim 

t:lm; som stray ~i.c fields and piiobably' several othera. :rt was 

alao ahm:n in SeoUon h (p. ]J) that :U' tho lJl.\gnetie anisotropy of-the 

pnrt1cl8$ is tmCh la~ than the:tr ~t ~s, then undei" cei,,.. 

Wn eond1tic:w3 or ~ltation the r..art.iolei may orient 1dth their 

manente lOoO a111y trc:mi th• cl1NtcticC1 of the· cistina magnetic field. 

Intensive mrk ove1" ttl.de regt.Qls is m~ bc.'ttwe any definite ccm

clw.:d.oo can b3 made. 



To ~ t11$ m,31oml oonsistonoy of tl1e Rose UUl £~ 

tion• ~l1nes ~ ~ about cme &."ld a ha.1£. miles north o£ Yt.rr~; 

~ . 71r~. Tho £,'t!lol.orcr of this l'acioo bas be~A'l Msor.tbed in ~st 

V'h•G'lnia Cieolor;ioal S~ Bt1ll•s (Vol, . lh, p. 601 19hl). 3ampl.ec e<MJr 

a vortical distance o.f about 50 ft,, T!h? roeu.lts o£ oueeeptibility ma&

~ . are c,.~ in iilblo v:t (yp. 91), the ~arvlas beine ~100 £rom 

the ·t;op Of too ~~ ~iros tha bc:rttom. Fl.:;. 25 {p. 3,3) is a plot 

ot U. dirootiet1s of ~ G'USCep'r.ibility. The a"'+\:!1--ace (ri1"00t1an of 

Mi¼'~ SUMepM.bility is giw,n by, 

-r. .: ~oO + 6·0 
.&l. .;,V -
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Fig. 25. Maximum Susceptibility 
of Rose Hill Formation 
Mays Gap, West Virginia 
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'Ell ~ IV 

;.\n!s~ .. at SD;ui>iAn ~~t,e at ~to1 lia:r.tJiatl:1 I . 

b b " sample bxlO Ka X 10 Kex 10 A,$ .asa m,. 
30. ~09 $3.hO ~'5 2.1 ,.11 
31. ~-53 52.25 ;0.50 2.4 ,,,, ,., 

>•!:> ,a. .66 $3,62 S.3.14 1.9 2.a ,,. $3.52 $2.71 ,51.9.5 . 1., 2.9 
3 ,. h!).,6 ua.oo h7.00 1.$ 3.h 

2;5. !54-~~ Sli-19 ' ~.32 0,.6 2.2 
26. 55.62 ;~ .,26 O.h 2.h 
27. 56.77 ,5.31 0.1 2.6 
20. ss.~ Sh.92 ,J.61 l.l 3.1 
29 • $6, .. $6,2!,{ 55 .• 31 0.9 2.; 
35. . h8.i2 47.90 t,6 .. 24 o.!5 3.~ 
,36. S0.61 $1~13 !,6,38 1.5 ,.o 
31. $9.29 ~.20 56.99 1.7 3.9 ,a. 60.7, 59.1.'6 550.61 2.1 3.~ 



~le 
uo. 

25. 
26. 
27. 
28. 
29. 

30. 
.Jl. 
32. ~-. . 
35. 
36. 
37. 
38. 

D~t~ <>i !~!!!9 ~,,t~W.litz in ~ · 

~$:tf aft fJ-1!p, ~ 

Obael~~ ~~ 

.,,, J.O 1)0 "J!> . 

~ 0 ·:u:o $.~ 
301 ~ ½fi I 
309 lS ~ 316 17 J.k9 
332 12 lh7 so 
181 ao J.14 ;a 
170 63 

~ 
S1 

l.72 19 6b u, 61. ;f 200 62 l'4J 
l1tl. 39 157 h6 
147 

·~ 

155 4S 
lho 1$$ 49 
lJJ a) 151 .gs 

c 
2.6 
2.9 ,.2 
3.3 
2.7 

2.1 
1.5 
1.7 
4h 
1,5 

1.6 
2.a 
1.8 
2.li 



'mBtSVI 

Anisotra,Y and 
.. .. IIIJ tl~ lliNctiop, of ~ho .~ 

2S!~t.1bilitz ot SU~ §!Sl~ 

at •a 9$, !P!.t: ~ 
6 " " n7 .o Sample KJ.xlO Ea 210 lex lO AJ$ Adi, II 

No 

t9• 10.06 67.84 66 .. 96 J.2 4.4 163 34 a. 70.03 67.72 66.9$ .;.; 4.h lOO $0 
bl. 81..,,o 79.~ 77-63 J.O h.5 17, J6 
42. 19•0$ 76:f2 7$.09 .3.2 h.o 156 30 

fl!.: SJJO 52 0 t'l.S, l.., ).l l7l ;a 
51.07 50.20 9.5b l.? 3.0 158 42 

hS. a~ ~•kB 1'9.66 1.6 3.2 169 u 
h6. .62 40.os. 1.1 3.0 lOO 33 
h7. tos S'J.15 SL28 47 3.3 171 35 



Aooo:rding to the ~ put f or11.c.rct in -Seotion h (p,. lS), 

the · remoont mcxoont ~ted to dowlop 1n a sedimentary tornation u 

a maleoul.ar pherlmenon 1lbereas the ani3otn)py 1s primarily a bull( pro-

·. port.y • To demonatrate this, three sau;,lee (Bos,. 31 4 and S) ware eub

jectl3d to a etl"Cftg ~~tic .field (about 200 gauss) alone tbe:Lr ~ Y• 

and z- Q:08 :mspeetivel.y. ~ta or. susceptibility am ~ 

~ '\\Ql"'8 made both before and atteJr the action of tho maanet:tc field, 

No ~caable change either in the wlume ot anisotropy ar in the dir

ection of maximum rmscoptibility me observed in arra- case although each 

sample ma found tc be etrong~ polarized in tho direction of thi$ ag

netic field. Thie shows that too anisotropy 1n .sedimentary rocks is 

invariable vd.tb respect to arq menatic field subsequent to de'iposition 

and hence ~1le Werenoes derived frciil ausceptibility measureroonts may 

bo regarded as raore roliAble ti:l&Jl those based ~on pola.rizat,ion meaa-

urenm1ts or the sam& allliiplO$, 

The results of the preeent investigation should he regarded 

·ar, o£ preliminary natll%'8. fll8 chief object of this mm has bem to 

de~ and demonstl/'ate· the uae:rulness of a new me-thod of attack.ing 

·hoo problems o£ rook m.gnotiam. 1m ~ce ot th1o method can 

not bG owremphaeized. ,~~ haw bom able to show the suporiori.ty of 

·this~ of ~t over tlle e:d.i!Jtingart.bod of pol.arlr.ation 



measurement.a in tracinc the mgnotic history of t...1lc Earth. Bosidu 

giving an indioation of tho direction of tho ~1Mt.ie .tiel.d at the 

time of deposition, t..lw ~"2ent of anisotropy of a rock ~ 
provides turther e ~'laure o! ·c..1le QTOOUJ'lt o! ~tic nateria.l (taldng 

part dUJ"i.nCT theprocGSs of ~tation) vbich 1s ·.-espons1bla for t?1e 

total susceptibility of tllo ma:terlal. The liaethod, ~, sutfens 

frau a.n inherent ditficu:!..ty, ~"ely, t..~t the direction .o:t ma:dmum 

susceptibility does not giw the polarity~ the geomagoo·tJ.o field 

and tor this m have to depend on the ~ts of polar~tions. 

It is t"1t tbat 1n order to obtain • better and el.OON1" picture ct 

~'1e histot"IJ ot rock ma6-netism ( and indireetly tho histo~J of the 

geomagnet.-tc field), it 18 necessary to combine the results or ani• 

sotropy an<l pol.arlzation meas~, The anisotropy in most eed,. 

iamtaey rooks 1s a ar.Bll quantity and tho sensitivity of t.he p~ 

sent ,~ntal nethoo is atUl too lOi1 to ·cover a J.a.rgo number 

of sedimnts., The author hopes to ~1-ove ~on fu")e ~itSltal tech

nique and mckm ·too limits. ~ applicabil1ty ot this p1~ method of 

the study of rook mcnetism. 



t• - K'l(a ♦ b + c) + lt (be + ca .+ 1.1) ... r2 - cf - tl3) 

.. (aoo + ti'eh ...... at» •• · 'b~ .... oh=i} = o (l) 

Th~ 84• (1) is a ci.~b:tc equ.s.tion t-..av.mg three roots Ii., Ka1 

1<1l l'lhioh c~"'.l be pro'VO<l to oo all :recl., * To put it in a aumdard £onn 

i"nen eq. · (l) ~ to, 

(3) 

r = f,(a + b + c) 8 • }(a + b + o) (be + oa + ab .,4.'13 ... g2-h9
) 

(h) 

* f'>e0 o. Sal.iMn • An Analytioal G~J 0£ ·1'tlroo Diloonstons • . 
.- '.tonr~, Groen & Go. P• , 19 • 



D:.;i . (3) ci,m. bo aolvt.."<1 ~- the uoc of t...""ico~trtesl tables. TtltiS 

let us put L"l m. (.3) 

(5) 

(7} 

(0) 

000 3 (IC. (9) 

Coo oc can be dat,ermined £~ O<l• (9) by the uoo of trlgonornetrloal 

cos oc1 

tib:Ui:tics are ci ~ by, 

(10) 

!iiow1 if' 4, la, le bo the direction coainos ot one of tho 

pi'incipol SUSOO'ptibilitioa, 1.:ic havo olio,m in Section O, eq. (5) that, 



4 h + 12 b0 + la f = 0 

la z + lB £ .~ la c0 = 0 

~-fe ls = - .:. ffi la 

(ll) 

(12) 

(JJ) 

{lk) 

D:l• (lJ) represents a stni1ellt lino in opaee pasal.nt through the Ot"l[f.J.1 

o£ coordinates, t.'-le direction cosines 0£ which are, 

n. l 

J1 + rlP '+ n» 
.ClS) 

It is custooiary 1n ti~ ll teraturo ot terrestrial · •~otiaa to 

e:~reas the directions of IDS(11Ct:lo woto1• in terms of the Declination 

and Incl.1n&tion. As shmm :i.n Fi g• 26 (p.97), let OM 110 the duoetion 

o£ the a:d.mum O'UOceptibility in the 1"Gck ~lo• '.l'l:ien tho direction 

cosines o!: (Jj are coa 0/, coof3 atXl cos o and D &l1Cl I azre respectively 



X 

y 

z 

FIG. 26 



tho <locll.nat:.ton and tho ·1~1cl:l.n.ation of <1.J wlth respect to the axes of 

cos oe coo D = cos I 

COD /J sin D = cos I 

ooo l = sii."1 I 

tan D 

sin I 

tan D 

= CQ.S oe. -COS f> 

= CO$ T 

= ill n 
l -sin I = 

J1 + n/3 + n~ 

w.10:re m and n a:t"'O koom from 8'!• (llt.). 

(16) 
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