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SWMARY OF TIE RESEARCH WORK OF mE TRACE ELDElfFS SECTION$ 

GEOCHEMISTRY ABD PE'mOLOOY :BRAICH1 FOB THE 

PERIOD JAlfU.ARY 1 • MARCH 313 1951 

by 

John c 9 Rabbitt 

Thi~ report £'111mlarizes, the research work ct the 'fraee El.ements 
-

Seetio:aJ Geoch~try and. Petrology Branell. tor the pe:riod Januaey l • 

March 31~ 1951 .. W~k before that is &'WQI!Iarized 1n an. earlier report~ 

"Summary . of the re~eareh work ot the. Trace E1Ennents Sections; Geochemistry 

and Petrology Branchif for the period April. l .; 1948 - Decem:Qer 311, 1950/' 

by Jolm C. Rabbitt (U ·~ S ~ Geol Q>. Survey Trace E1eme:ats Inveatigations 

Rept .. 148 ~ January 1951) • This report w:tl.l be referred to u TEm l.48. 

In TEm ·148 the purpose of eaeh proJect was described and 1 t is not 

thought aeeesaary to repeat that material. 

The research work of the Section consists of laboratory and related 

field studies in the f'e.UowiDg fields : 

1 • . Mineral3g1c and petrologic investigations of radioactive 

rocloa 1 minerals~. and ores ~ 

2. Investigaticma of chemical methods of' 8.ll8..lysis for 

uranium., thorium~ and other el.ements and eoJDpOUllds in 

radioactive materials, and related chemical. problems " 



8 

3. Investi~tio~ of speetro£Faphie methods of analysis 

for a wide VSJ:"iety of elements in radioaeti ve naterials. 

4. Investigations of radio~trie methods o:f 8.Xl&l,ysis as 

alW~ied to radioaeti ve materials. 

It shoul.d be emphasized that the work uderta.lteJa so far is almost 

entirel.y in the nature of investigations supporting the field appraisal 

of known ura.ni;ferous deposi,. ts. A progrBJU of more :f'un~ental research, 

pa.rtieu.J..a:rly in the m:iJlera.logy and geochemistry o;f uranium, ;ts nov 

"being dr~:wn up and will be su'Qntttted f(?r app;--ova.l soen. 

This report does not deal with the routine au.J.ytiea.l work of the 

Section ner the :public-sample pz-ogra.m. The analytical. ~k Will 'be 

SUl'IJIDarized in a rep9rt to be issued after the end of fiscal yea.r 19511 

and a :report on the publie•Sa.Ili.Ple prpgr~ is 1n proces'. 

Special tha.nlts are due iilembe:;t"s of the S~ction who are engaged ~ 

the researib. work and who have su~lied material for this report, to 

Earl Ing~rson, Chief of the Geochemistry and Petrology Branch for his 

critical review, to Jane TitcQmb ot the editorial staff of the Section 

for edi t;tng the report, and to Vir~nJ,.a Layne of the same staff" tor . 

typing the JDa.ilUScript a.ad the nm.l.tilith -ts. 

Introduction 

The mineralogic and pet~ologie investigations of the Sect;Lon under 

the direction C>f Th~o~r~ Boti:nelly are organized in the folloWing proJects: 
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1. i'he phosphate project 

2. The ColoreA.o Front Range project 

3. The Colorado Plateau carnotite project 

4. 'fhe properties of uranium minerals project 

5. The lignj;~e project 

6. Miscellaneous prt?Jecte 

The laboratory work is aeeOlJI!l8.1lied by field worlt .by members of the 

Sectioa1 and 1 t is closely c~dinated v.i. th the work of the resident 

field geologists. 

In past reports the Sectien~s work on phosphate deposits has been 

described under the headj,ngs "Florida phosphate proJect"" and ''Northwest 

phllr.Phate proJect . " It seems desirable to combine these heatiDgs Ull.der 

oae, "The phosphate project . " 

Results of investigations 

One of the principal aims of the vark 011 the Florida deposits in 

recent month.J has been to find stratigraphieaJ.J.y equivalent leached and 

unleached material in the Eone Valley formation because it is only by 

knowing the characteristics of the unleaChed rock that a fUll compre• 

henaion of the SUblfequent leaching aa.n be obtained~ nis goal hu now 

been attained by the stuicy' described in "~e stratigraphy' of the upper 

part of the Bone VaJJ.ey fortQatio:n and its relation to the leached Zt'm# 1 " 

by z . S. Altsclm.J.er1 Elizabeth B. Jaffe, and Edward Dwrnik (u. s. Geol. 



S'UrVey Trace Elements Memorandum Rept. · 237, in prepa.rat.ion) • ~e 

abstract follo~J 

The two topmost zones of the Bone Valley formation at the 
Homeland mine are a phos;pha.te-cemented quartz sandstone a.nd an 
underl.ying pebbly and clayey quartz and phosphate sand char­
acterized by graded bedding. Thi~ sequence is found in every 
other area. of the land-pebble field. Therefore 1 these zones 
are considered te be stratigraphie un1 ts and the transition 
between them to be a key horizon. 

The leached zone of the Bone Valley fornatio~ encom,passes 
ei,ther the upper or both of these units. As a result, rock from 
the leached zone has two different aspects~ The upper unit is 
not obviously ~ and in places has the appea.rauee of a pure 
quartz sand. The lower unit develops :La.rge eavi ties during leach­
ing. It is emphasized that the leached zone is a single secondary 
feature predueed in two different stratigraphie units vhieh respond 
differently to leaching and tb.a.t it is not inherently composed of 
two f;mbzones • 

With the establis~nt of thts marker horizon a chemic~ study is 

in progre$S comparing strati~phically equivalent leached and unl.eached 

material. Als<h field work in Florida during March carried forward a 

study of the leacl;Led zone and its relation to the overburden sands. There 

are many places wbrere the overburden sands seem to grade into one another. 

'fhe questioll$ raised by these occurrences eoneern. the original thickness 

of the leached zone and the overburd,.en sands, their originS, a.nd the 

amount of material originally available for the concentration of the 

uranium in the present leached zone. Samples have been collected .for 

the investigation of these probl.ems. 

Work in the synthesis of apatite by Sol Silverman, Jeanne Weiser, 

and Ruth Fuyat continu~d. Studies of the products . of synthesis are 

. being made concurrently by chemical, mineralogic, spectrographic, x~ray 

diffraction, electron microscope, and differential thermal. ana.J.ysis methods. 
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Di~erenees in t;he x-ray di~etion powder patterns of f'~uor- and 

hydroxyl-apatite and "ca.rbonate"•f'luora:pa.tit~ have been reported by 

ma.ny observers and have been questioned by others. In order to test 

the poS'IJibUity of real. ~erenees in the ~tterns a series of' pure 

erysta~e apatites (•tu:ral ~<l synthetic} we:r;-e exam:Ln.ed in sueJ:l a 

way as to min1m1 ze possible instrumental errors. S~les · of these pure 

apatites (f'lur- and hydroxyl-apatite and "earbonate"•fl.uorapa.tite} 

were ~und to ~-. 4oQ -.sh. ~e X-ray powder patterns <;>f eaeh 

sp~cjJDen were made on the same macl¢3re, nth the se.me ca.mera, and with 

film f'.r:om the same lot. ;Id,eDtifiablre differences in the patterns were 

detected. AlthQ'Ugh small, these dif'ferene~s are d:lst~ctive and it is 

thought tbat by the~ WJ~ Visual C(!)11Q?S.riSOn Of' X-r~y powder pa.tte;ns 

is sw:tieient to id~ntify relative~y pure end me.Wers in the apatites. 

Mixtures of the same types of apatites were X-rayed to determille 

whe~her the differences were due to ~dividual s,pecimens rather than 

to differences ill COJP;PQ£Jttion. 'I'hese mixt-ares showed no line broadening 

or any other differences in the powder patterns. 

M:f.,xtures of dif'feren,t tnres of apa.ti tes were X•rayed.; _ the resul tU-g 

patterns sho~d line broade~ and1 in some patterns 1 continuous merging 

of some ltnes to form a band. !ehis inCU.eates that structural distinctions :.-· 

exist among varieties of apatites. 

Pr~ous~y1 st$1D1Dg methods had indicated that mu.ch of the ear'bout·e 

of phospho;r.~ tes is present · as free ca.J.cite. Additional. methods (solubility 

and differential thermal ana.J..ysis) were 1.1Sed to . test thi$ possibUi ty. 
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!ro establish a quantitative measure of the amount of carbonate held 

structuraJJ.y, differential solubility .tests were perfo~d on the phos­

phorite material, using 0.5 molar triammonium citrate as a solvent. The 

solubility of calcite in this solv~nt is about 47 times that of pure 

fluorapatite and about 55 times that o.f pure ncarbomtett-a.patite (an 

optically homogeneous apatite containing :;.1 percent C02 ). Cheeks on 

laboratory ~es of pure ~bonate-free apatite and calcium carbonate 

indicate t:bat this solubility relationship holds for ealeite in the 

presence of apatite. The an10unt of C02 present as free calcite can 

be measured by this method to a precision of.:!: 0.1 percent. 

The results of the solubility method have been cheeked by differ­

ential thermal analysis • Such an analysis of laboratory miXtures con­

taining free ealci te shows an. endothermic peak in t})e temperature range 

of 78o°C to 88o°C. Pure "earbona.te"-apa.tite· (from Sta.f'fel, Germany, 

so-called statfeli te) does not ~ ve a distillet peak but shows a general 

endothermic trend over a. =.eh wider temperature range. . Furth~rmore 1 the 

a.+ea under the calei te peak is proportional to the amo'llllt of calcium 

carbonate present. The differential thermal analysis method can detect 

free calcite present in amounts greater than 1.6 percent. 

Farther checking has been done by X-ray means 10 X•ray studies of 

artificial mixtures crt ])Ure fluorapatite and calcite· perndt the detection 

of 3 percent or more of ealci te. The basis for this is the appearance 

of three cbaraeteristie calcite lines (d-spaeings o:f :;.o:;8 A, 2.089 A, 

and 1. 914 A) in the powder patterns. 



13 

These three methods (solubility, differential thermal analysis, 

and X-ray} were used to establish the nature of the phosphate mineral 

in about 50 sam;ples from Brazer Canyon and the Laketo-wn district of 

Utah, from Coal. Canyon, Wyo., and from the Conda mine and Trail canyon 

in Idaho. These studies show that these phosphorites contain variable 

amounts of free calcite, but in all of them an appreciable part of the 

carbonate is present as "carbonate''~pa.tite. The results of these 

studies will be given in a report now in preparation by Sol Silverman, 

Jeanne Weiser, and Ruth Fuyat. 

In addition to the synthesis of fluorapatite and chlorapatite by dry 

fusion (see TEm 148, p. 15) 1 a strontian ehlorapatite, 3Ca3 (P04)2•SrCl21 

has been prepared during the quarter by the same method. All three 

apatites show typical apatite x .. ray patterns.. Chlorapatites containing 

1.6 percent and 2.2 percent ~anium had previously been prepared by 

dry fusion from a mixture of tricalcium phosphate, uranyl chloride, 

and calcium chloride; a fluorapa.ti te containing 3. 3 percent uranium 

had been prepared earlier by dry fusion from a . mixture of uranium tetra­

fluoride, calcium fluoride, and triealcium phosphate (see TEm 1481 p. 15) • 

These products llave now been X-rayed and show typical fluorapa.ti te powder· 

patterns.. Apparently the. presence in these apatites of the amounts of 

uranium mentioned above does not alter the fluorapatite X-ray pattern. 

In an attempt to distinguish ~ by X-ray means between hydroxylapatite 

and tricaleium phosphate it was found that the typical X-ray pattern 

given by hydroxylapatite was unaltered after heating the· sample to 

1200°C. Synthetic triealeium phosphate1 after heating to 8oooc, showed 

significant . deViations from the typical apatite pattern. '!'he changes 
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do not fit the beta tricalciua phosphate »attern as established fer 

wh1 tloekite b7 Clifford J'ronclel of Harvard VJ11vers1 ty. There is enough 

difference in the x-ra.,- pattern ot tricalciUil phospha.te after heat treat­

meat to perai. t discrild.Datioa between this material a,a<l hydroxylapatite 1 

vUeh showa no alteration ill powder pattera after being heated to l200°Q. 

Studies et ~terent apatites were alaQ -.a.e by electron microscope 

methods. Pollshecl surfaces were prepared cm speciJaens ot "carbODate"­

apatite {Stattel1 Germaay); replicas were made of these s\U"f'aces by 

standard teclmiques and the replicas were studied under tlle electron 

a:l.croscope. The polished surtaces vere then etched v:L th tri&JmllODilDil _ 

citrate to leach selectively any calcite present, and replicas vere 

•4e ot the leached e~ace and etwlied ~d.er the microscope. ftis 

•taod might ehow the presence of calcite as inclusions too small to 

be detected uder tae optical microscope. lfo evidence of calcite in· 

clusiODS was seen; but the study has not progressed fax- enough yet to 

rule out the presence of such inclusions. 

The results of earlier work on the distribution Qf uranium and its 

relation to other conetituents of tae rich phosphate be~ of the Phosphoria 

foratioa of the Jforthwest are reported 1n TEIR 148, pages 18 to 20. This 

vork is further reported 1n "Distribution of uranium in ricA phosphate 

beds of the Phosphoria form8.t1on1 " b7 M. E. ~son {0\ s. Geel. Survey 

. Trace Elements Investigations Rept. 1421 February 1951). ne abstract 

foll.ows: 

Five sets of "elose" samples were analyzed radiometrically 
for urani.um1 and ehemiea.lly for P~5, CaQ 1 organic matter 1 and 
loss on ignition. A R9siwal. analysis was ade of thin sections 
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of one set of samples . The results of the ana.lyses are plotted 
on graphs and on scatter dia.ga.ms 1 and coefficients of correlation 
are given for urani'Wil with cae, Pa()5 , organic matter, and loss on 
igc.ition ~ Preliminary studies seem to indicate that the concentra­
tion of ura;Jaium in these sa.nq>les is not due 'Wholly to phespha.te 
content, but may depend in part on organic matter or on other com­
ponents. '!'he correlations of uranium with P~5 are poer in the 
gr~ups of samples with sma.ller amounts of uranium but are good in 
the groups of sazqples containing more uranium. 

Pellets :from the Phosphor!~ are being studied for variatiou in 

size and chemical eom;position ~ 'l'wo samples from widely separated areas 

but :from approximately the same stratigraphie posi tien were found to 

have almost identical size characteristics . Spectrographic a.nalyses of 

10 samples f:r:om a single bed show that there is little lateral variation 

in elements reported spectrographically. 

The adsorption of uranium by apa.ti te in the pellets is being studied 

by immer~+ng Cru$hed and sized pellets in solutions of ura.nyl salts. ~e 

best resul. ts have been obtained by using uranyl sulfate in concentrations 

of Q.025 to 0 ,010 percent. It has been noted that marked increase in. the 

tq(Ulium. content of the pellets occurs a.n.d that the calcium content of 

the solutions is also increased. It is possible that this signifies the 

replacement of calcium ions in the apatite by uranium ions. This possibility 

is being tested further. 

Future work 

Field work in Florida· was in progress at the end ot March and the 

petrographic study of the leached zone will contillue. Synthesis studies 

of the apa.ti t~s will continue w1 th particu.lar referen.ce to the problem 

of "earbonate"-a.patite and the ·role of uranium in apatite. Se~ch for 
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positive meams of identifying the difterent apatites w;lll qontinue .. 

Work 'Will contin-q.e ill the study of pelletal material of the Fhos-

phoria formation and field work during the croming field season will 

supply new data and samples tor this investigation. 

'Ele Colerado F:ront Rail.ge ~oject· 
. . I 

Relatio~ of pitchblende deposition to 
radioactive bostonite qikes in the 

Central City district, Colorado 

Resul.ts of investiw+tions.-•MinereJ.ogieal and chemical studies of 

the fine-grained r.a.dioaetive bostonite and bostonite-parphyry ~es of 

the Central qi ty cUstriei;, Colo., were continued by George Phair and 

Kiyoko Onoda. in an effort to determine the radioactive constituents. 

It has not been possible so tar to separate the radioactive constituents 

by means of heavy liquids or magnetic separations because (1) the small 

grain size of the groundmass necessitates crushing the material to tainus 

20(), plus 325 mesh, and (2) the desired accessory minerals, although 

_widely distribated, are scarce in these rocks. 

To find out where the uranium is concentrated, hand~picked separates 

of the feldspar p}lenoerysts and of the gr:oundmass from three samples 

taken from three different dikes were ernalyzed for urariium,; the uranium 

content of the bul.k samples w.s know,n from previous analyses to range 
l 

from 0.004 to 0 .. 007 percent. As was expecte.d the results showed a two-

· to tbree-fQld concentration of u:tanium in the ground:ma.ss as c~ed to 

the phenocrysts .. 
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A S8.lUPle of bostorQ. te perphyry from the same region (Reel. LyGn Loclse 1 

Idaho SpriDgs 1 Colo. ) had earlier been shown by Waldemar Schaller to 

have a Zr02 content of 0.11 percent and it seemed possibl.e that much 

e:f the uranium and thorium in the bostonites under study might be tied 

up in zircon. Twenty EJa.mples (+6 from the Central City district and 4 

from bordering areas) were a.nalyzed chemieal.ly :fGr Zr02 • The resul. ts 

raD.8ed froiJl O.G2 percent to 0.22 percent Zr02 and sh.owed tbat M$t of 

the bostonites are eviched in Zr021 SQme higllly so when c9mpared to 

the average a.J..kaJ.ic roek {alkaJ.ic rocks contain on the average much 

more Zr02 than do norma.l. ·granitic rocks) • The :f'igare of 0 •. 22 percent 

Zr02 represents a Zr02 content about 10 times that of' tne normal. gra.IQ.tic 

rocke 

The tkree bostonites highest in Zr02 came :from the borer of the 

Central. City district and are abnormal.ly low in ur~um. If these are 

eJ.:Jm1ns.ted1 the bostonites high in. uranium tend to be high in Zr€>2 •. 

They f'all into two groups,: 

1. Of eight having Zr02 contents between. 0.10 and 0.22 

percent, seven have uranium contents ranging from 

0 .• 004 to Q.014 perceat. 

2. Of nine llaving Zre2 contents ranging from 0 .Q2 to 9. 07 

-percent, eight have urallium contents ranging from O.E><ll1 

to· O.OG3 percent. 

There is, however 1 no systematic relationshi:(;> between. z:t1>2 and 

ll."t:anium content Within each group. !he ZrC2 contents, although high, 

are not high enough to acecn.mt for more than a small part of the total 

ura.ni um. by s~lid solution in zircon even w}len the maximum allowance of 
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one percent l;ll"an.ium in zircon is invoked (as postuJ.a.ted by Professor 

E. S. Larsen" Jr., perso:aal c<;>uin:mication) • It follows that most CJf 

the uranium in the ;rock is not in the zircon and therefore the Zr02 

and mast of the urani1UD. are con,centrated in separate mineral ·pbases~ 

This is compatible With the conception that these separate phases were 

formed by simi Jar processes. 

Study of thin sections and of' heavy-mineral separates shows that 

interstitial fluorite is one of the most abundant accessory minerals 

in samples from the three bostoni te di~es which exhibit the highest 

~dioactivity. The high Zr02 content and the presence of interstitial 

fluorite in these dikes suggest.· that volatUes were active during the 

late stages of emplacement of the dikes. In this eonneetio~ it .is 

interesting to note that both ZrF4 and UF6 are volatile at only slightly 

elevated t~eratures at atmospheric pre~sures. Moreover, ura.nitUD. is 

associated with many fluorite deposits, including those at Ja.m.estovn• 

Colo. , in the Thomas Range, l1tah1 a.n.d at Wolsendorf, Bavaria. The 

quest~on as to the role of' these postulated volatiles in urani'Wil deposi­

tion in these rocks is under study. 

Future work. -Laboratory work on the bosto~tes Will be cont:inued. 

in an effort to determine: 

l. The uranittql and thorium minerals present. 

2 . 1'he nature of the hydrothermal alteration. 

])uriD.g the coming field season irlvestigat1ons of the distribu-tion 

of radioactive bqstoni tes in the region .surrounding th.e Cent~al City 

district will be undertaken. 
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Additional sampling of the Tertiary intrusives of the Idaho Springs 

district and in the Central City district a.J.so is plalme~ in order to 

complete the present ~ta.. 

'!'he radioa.cti vi ty of' flueri te from. the 
BJ.ue Jay mine, Jamestown, Colorado 

Results of investigations. -1'he work on hydrothermal ura.nothori te 

(see nm 1481 pp. 27-29) is described in "Hydroth.erma.1 uranotlwrite in 

fluorite breccias f'rom the Blue Jay mine, Jamestown, Boulder County, 

Colorado," by George Phair and Kiyoko Oneda. (U. s. Geol. Survey 1'race 

EJ.ements Investigations Rept. 144, March 1951) • 'fll.e abstract follows: 

In the course of thin-section and heavy-mineral studies of 
fluorite breccias from. Jamestown, Colo,, the mineral th.ori te, 

. variety ura.notho:rite, w.s identified on tb.e bas1rs of chemical, 
S)ectrogra~hic, optical, and X-ray data. This ttra.nothorite is 
compared with uranothorite from South Westland, New Zealand, 
described by Hutton (1950), and with similar material from an 
Alaskan placer s~le studied by the writers . !hese uranothorites 
are in turn contrasted with the ura.nothorites described in the 
older li tera.ture all of 'Which represent hydrated material. ~oriUD'l 
halos in fluorite are described, probably for the first time. The 
uranothorite associated with the fluorite breccias is clearl.y of 
hydrothermal origin--unlike au previously described thorites and 
ttra.notharites with one very d,oubt:f'W. exception. 

The authors believe that uranothori te will prove to · 'be. a eensti tuent 

of other hydrothermal veins now that the physical properties of the 

unaltered material are knmm.. 

No f"urther work 'W8S done otl this project during the last quarter. 

Future work.--Further work is planned on the eff'eets of radioactive 

emnations on the eolor of the Blue Jay fluorites o Studies will be made 

involving the range of alpha particles in thorium and uranium halos in 



these tluori tes in an attem;pt to use the widths of these halos a.s a means 

of identifying the rad:loactive elellents causing them (uranium Qr thorium). 

Uranium halos hs:ve been studied before but thoritml hal.o~ have not been 

previO'WJl.Y reported in ·fluorites. 

Additional stu~es will also be made on the causes of the photo-

l~seence in these tl.uorites. 

The use of . the Ra.jrJ ratio Qf pitchblende 
as a. qua.ntitat~ve measure of the recent leacl:l.ing 

Results of inVestigations .--No work was done on this pn>Jeet during 

· the q,uar't;'er. The results of earlier work will be ·given in a report ne"W 

in preparation by George Phair. 

Future work. --Addi tiona.l equil+brium studies are planned to dete;r­

mine the extent to which the postulate of recent leaching of urani"tUQ. 

.is valid and in. particular to get data on the origin of "sooty" pitch-

blende. 

Results of in.vestig&tions 

The continuing isotope studies by Lorin Stieff and Thomas Stern 

are invol v:lng a. great amount of extended ea.lcul.a;tions • Preliminary 

ealeula.tions and graph$ Qf the lead isotope data received from Oak 

Ridge indicate that th.e ratio of' isotopes as determined by the mass 

spectrograpl:l would be more useful than the usual farm of reporting the 



21 

isotope abundances in percentages ~ Data +n the new form have been 

supplied by Oak Ridge, have been transferred to index eards1 and 

calculations are ill progress , 

Trial calculations have also indicated that a few of the analyse$ 

might be in error.. Duplicate analyses of the samples inVolved have been 

obtained. 

The ·.calculations are far enough along so that a report Sl.U'IIlllaXizing 

the etudy of the isotopic composition of the carnotite leads vil1 be 

started. in the quarter ending June ;o, 1951> by Lorin Stietf' and Thomas 

Stern" 

During the quarter 50 thin sections of material from the Ce>lorado 

Pla~eau were covered with nuclearemuJ.sion stripping film as part of 

__ the . general survey of' the radioactive minerals .,of the ores of the Plateau. 
. ; ·- .. .. 

Fifty companion alpha plates were alcso made. The technique :for permanently 

mounting unsupported nuclear emulsions on uncovered thin sections has been 

studied in some detail. Completely satisfactory resuJ.ts .have not been 

obtained yet but solution of the problems involved is in sight ~ Such 

moUlltings should provide high resolution for nuclear tracks and the use 

of' such high resoluti~n for lGY-gra.de :material should conclusively 

derr19nstrate whether vanium is systematically distributed thrcnlghout 

the roek .. 

Mineralogic and. petrographic studiel$ continued, A black iron-vanadium 

mineral from Saskatchewan, Canada, sent in by Dr. H., V 9 EJ..lswrth, was 

compared witli montroseite (see 'i'Em 148, p . 37)• the new iron-vanadium 

mineral f'rom Colorado " The Canadian materj,al is simi Jar but contains 

mere iron a.nd has a higher density .. 



About four gra.mS· of . a red-brown 1rom-~'Uil mineral from the 

Jo D!Uldy mine, Bmtrose County, Colo., 'WaS nbm:lttctd to the Chemistry 

Unit for anal.yais. The mineral occurs with h'WJJII1er1te ·(see TEm 148, p. 37) 

aad pyrite in gray clay and is probably a .aew mineral. 

Work oa the cla11J underlying the ea:rnot1te ~es continued. Earlier 

wrk wu reported 1a SIB 148, pases 4t to 41 aad a repo:rt on this work 

is at1ll 1a :preparat1oa "b7 Alice Dcrne Wee:U. 

A set of 50 claf aacl s1ltstcme aam.plea rfPl'e•eatiq six J181lbera or 

tor-.t10JI8 . tra eight localities in western Colora«o &ad eaatera 1Jt&Jl 

are beirls studied. Jrietl;r stated, tae pzr.pose ot the work is to loot 

tor. d18t1Dct1ve miuralosic ~eatu.res 1D. each tormati,oa, ud to detect 

res10D&l clifterences aacl other eTiieace beuiq oa the orisia ot tl\e 

cla,s u.d •Utscmea. · It vaa agreed that size ual~ea wnlcl be c!oae 

a th.e clay 88.1Qles by R. A. Cadigaa of the JU.aeral De:poa1 ts Branch 1D. 

the sed.iEDtation laboratory ill Graad Jtmctioa, Colo. 

SemiqUD.ti tative spectrographic auJ.yses a:ad. X•ray diffraction 

powder pictures- have been ade on some of these fine clays aad will be .. 
COJBPleted oa the rest of the samples :probably iuriDS A:prU. Differential 

thenal ualyses. w1ll be ad.e on certain samples; one U.S been com.pleted. 

Mn:tmor1llaite1 kaollldte, ~d hytlromiea have bee:m: identified. Bot 

1m.til. the X-ra7 :patterns of the rest of the samples · are eom»leted can 

general eoneluiou 'be draw eoncer:niDg the distribution of the clay 

Jlliaeral.s in the clifferent forua tiou. 

lleaV7-miaeral. separations Da.ve been made on the suds ia certaiD. 

of these saJQles an4 "bar1 te aad py.ri te have been foaEl in u.e sam;ple; 
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detrital biotite 1 zircon, ~d tourmaline have been f'ou.nd ill some; euhedral 

zircons, apatite, magaetite, and biotite have been found in others. 

Only one sample contained fossils. 'fhese fossils seem to be the 

micr~seopic calcareous algae, ~a, and these have been submitted to 

the Paleontology and Stratigraphy Branch of' the Survey f'or identification. 

It is expected that work on these samples will be completed and a 

report prepared by June 1951. It is hoped tba.t the distinctive mineralogic 

characteristics of each formation suggested by studies of the first samples 

'Will be borne out by the rest of' the studies. 

Future W(.)rk 

In general fUture work on this proJect will be so directed that, if' 

possible 1 reliable ore guides based on a knQwledge of the origin of the 

deposits can be developed within a. reasomable time. To this end, the 

lead isotope studies will be expanded to provide a broader statistical 

foundation for any conclusions tha); might be dravm and to include suites 

of uranium ores that have been collected but not yet analyzed.. The 

expansion, however, will be governed by whether evaluation of the data 

now in band warrants such a course. The radiu.m-.equil.ibrium studies 

will continue and informa. tion from these studies will be combined with 

information obtained by the use of' nuclear-track plates and stripping 

films in an effort to establish the radioactive equilibriwn eond.i tions 

in the ~eposits. 

'fhe mineralogic and petrologic studies and the synthesis work will 

continue as_ indicated, The whole project is Glosely tied in with the work 

of the fiel.d g~ologists and this cooperation assures a ba.J..a.need program. 
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The properties of . u.r&nium .mip.era.ls P~tect 

ResW.ts of investigations 

Arrangements have been made With the 11, S. National Museum so that 

George Switzer, .Associate Curator ef the Mtts'eum, is now devoting his full 

time to work on this project. Th!s shoW.d aid immeasurably in accelerating 

the work on the preparation of a monograph on the properties of uranium 

minerals. Mr. Switzer is compiling abstracts of the literature on uran.-

ium mineralogy and they are b~ing typed on OzaJ.id master cards so that 

duplicate sets can be made for interested workers. The following note 

has been prepared for early publication in the Ameriea.n Mineralogist ~ 
' 

(It is given in full here so that it will have a prelimin.inary distri­

bution in this report . ) 

Monograph on the Properties of Uranium Minerals 

The United States Geological Slll:'Vey in. cooperation with the 
United States National. Museum on behalf of the tJni ted States Atomic 
Energy Commission is engaged in the preparation C>f "A Monograph on 
the Properties of Uranium Minerals... This mono~ph is to be a 
de-finitive work on the uranium minerals; it will contain. all the 
data available in the literature and where this data is either in­
complete or uns~tisfactory new data will be obtained. The descrip­
tions of the individual. minerals will be mQre complete and more 
extensive than those in the seventh edition of the Dana System. 
Dr. Clifford Frondel of' Harvard University who is engaged in the 
preparation of the new edition of the Dana System will cooperate 
in the preparation of the monograph. 

'l'he value C>f such a publication at the present time should be 
readily apparent. It is hoped that all persons engaged in research 
on the uranium minerals will contribute the data they have available 
or at lea,st indicate that they are engaged tn such research. Fall 
credit will be given to all these contributors. We would like 
especially to find out 'What miner~ are being worked on in order 
to avoid duplication of effort. 
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All inquiries and contributions of data. shoul.d be addressed 
to John C. Rabbitt~ Chief, !race Elements Section, U. s. Geological. 
Survey, Washington 25, D. C.i or to George Switzer, Associate 
Curator of Mineral.ogy_, U .. Sj) Natio:m.al Museum; Washington 251 D. C. 

It has been decided t<> work up the data for one of the uranium 

Illiperals in the form in which i;~ data might appear in the monograph 

and to circulate this report among interested workers for comment and 

suggestions. Curi te has been chosen for this preliminary form and 

work on it is in progress. 

The monograph will be prepared for publication as Monograph 1 in 

the new series of '.rhe Minera.l.ogieal Society of' America. 

~e investigation of :meta.miet minera.~s is continuing by Joseph 

Berman.. B:ea.t treatment has now been standardized and a file of' X-ray 

patterns obtained from such treated minerals is nov being built up. 

In the standard method the mineral is heated in a Dietert tube 

furnace with sillimanite tubes in an atmosphere of water-free helium.~ 

A cylinder of helium feeds gas through a pressure-reducing valve and 

a t:J-tube filled with calcium chl.oride to provide a water-free inert 

atmosphere. The hel.ium exhausts from the tubes in the :rurnaee into 

a beaker pa.rtJ.y filled with water which serves as a non-return valve 

to prevent air from entering the tubes. 

The sample is placed in a. sillimanite boat a.nd. the boat is placed 

in the furnace tube.. The a.ir in the tube is flushed out 'With he1ium 

and a constant flow of helium through the tube is maintained. The 

sample is then heated to the appropriate temperature depending on the 

m:tneraJ. being studied. Du.plicate samples are heated in-air for com• 
/ 

parison purposes. lfemperatures used range from 85€>°C to l200°C. 
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Variations in the heat treatment are necessary for certain minerals 

~d certain anomalous results have been found, notably witA thorites 

~d related minerals. 

At present sta,ndard X-ray patte;rns have ·been obtained on material 

heated by this method for thorite, huttor:ute, euxenite, fergusonite, 

brannerite1 all.anite, and samarskite. The mineral identifications 

have 'been checked carefUlly by spectrographic and other means a.n.d 1 t 

is believed that these patterns can be used as standards for identi­

fication purpeses ,. 

Werk is eontin~ by Theodore Botinelly on the compilation ef 

a se~ected annotated bibliography on m.etamict ~era.J.s, and it is 

hoped to have it ready soon for d.;i.stribution. 

Production of a lu;l.nQ.book tor the field identification of uranium 

minerals is still under study. 

Future work 

~e investigatiens leading to a monograph on · the properties of 

ura.ni"WD. minerals are immediately practical for identification p1.1.r:p0ses 

and are of l\mda.m.enta.l im,porta.nce to a knowledge of the geochemistry 

of uranium. The studies embrace chemistry, physics, physical. chemistry, 

crystal chemistry, and crystal optics as well as mineralogy and petrology, 

and the Section w:i.ll centinue the stuties described under Results of 

investigations in as brood a manner as possible. Particular attention 

'Will be given to synthesis studies as they will prove most fru.ith.l 

in answering the many problems ~n this field. It is apparent 1 for 
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instance 1 that the ·syn.thesis of meta.mict minerals will be necessary 

b~fore much more progress can be hoped for in an understanding o:f 

meta.mictiza.tion. It is also apparent that the properties of lQa.ny 

rare uranium minerals together with many coll@lex ones for which 

adequate am.ounts of material are not available cannot be determined 

until these minerals have been synthesized and studies can be made 

c:>f the pure compounds. This has been true, for instance, for carnotite 

and related minerals. 

Efforts will be continued to improve cooperation and communication 

vi th other laborat~ries world~ in this field so that duplication 0f 

'W'Ol:k can be avoided and so that each laboratory 'Will benefit by progress 

made in other laboratories. 

The lignite project 

Work started late in March by M3.urice Deul on a study of the 

uraniferous lignites of the Dakotas. It is planned to investigate 

the lithologie and ehemiea.l eom;positien of the n:aterial with par­

ticular reference to the manner of' occurrence of the contained uran• 

ium.. 'l'he possibility of aasorption o:f uranium by organic constituents 

in the lignites will be studied in close cooperation with Professor 

Farrington Daniels of the University of Wisconsin. Professor Daniels 

will be working on some aspects of this problem involving a study' 

of the geochemistry of uranium in peat bogs and in their constituent 

plants. lie will also investigate :probl.ems cotmected with the extrac­

tion of' uranilllll from lignites" Hr. Deul is in cl.ose touch with 

Professor Daniels on this work~ 
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The project has not proceeded far enough for a report on results 

as yet. 

Miscellaneous projects 

There are many small research projects in the mineralogy and 

petrology of radioactive materia1s in progress in the Section at 

any given. moment.. lfany of these are "spot'* research jabs sn small 

suites of samples sent in, fer example, by th.e field geologists of 

the .Reconnaissance Program. Oth.ers are jobs on s.mall sam.ples sent 

. in by Mrs. Ma.thez of the Atomic Energy Conmlission New York office, 

by Mr. SpeJ..man of the Atomic Energy Commission Washington off'1ee,_ 

and by the public. The tota1 of this vsrk looms rather large in 

the over--all work of the Section. Part of it, of cours~, can be 

·called service work, and seareeJ.y can be dignified by the term 

..-research," but lQllCh o:f it does entail investiga.tiop that can be 

called research • . · 

The studies of Professor E. S. Larsen, Jr., are in a special 

category. He works iJl the Section as a spee~al eonsuJ.tant and catalyst, 

especially in the mineralogic and petrolog~e work1 and his advice is 

constantly sought in carrying on the research program. He is · also 

making many investigations ot his o"Wn. As. an exam,ple1 his stu.dies on 

the determination of the geol.ogie age of .igneous rocks by investigating 

the radioactivity and lead content of the accessory minerals were 

started while he was still at Harvard, but the Survey has contributed 

to the work by supporting the project as soon as Larsen joined the 
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Section's staff .., The results of some of his work a.re reported in DIR 

148~ pages 51 and 52 o Work is continuing by Ka.rrison Brow:n. and. his 

colleagues and by Professor Hurley of M.I.T. on many of Professor La.rsen•s 

samples and the progress of tllis 'W'0rk will be described in the next SUlJJID.&l7 

report to be issued in July 1951. 

Work is in progress by Z 11: S .. , Altschuler on a suite of SatQles of 

ph.es:phate rock from Mona Islandp :B .. w .,I. ne material oeeurs in limestone 

eaves and it was desirable to know its ura.nit.ml content and nether it is 

a residual product of weathered limestone or alterations of limestone 

related te gua.no accumula.tions ., Eigb.t samples were submitted to the 

Seet~on for s:tudy, containing 11 different rocks: 2 fresh limestones, 

4 weathered limestones 9 and 5 phosphori tea . Ch.emical analyses were made 

for P~s1 fluorine, a.nd ura.nitml, and it was feund that the fluorine and 

uraniUm. contents were extremely low for marine apatite., In a.Eldition 

a semiquantitative speetrogra.plde survey of the samples did not shov 

any significant enrichments of the minor or traee elements in the 

phosphates with respect to the limestenes 6 This can be evaluated by 

cemparing the normally less soluble or less active rock elements whieh 

aecumula.te la.teritieally sueh as Fe, Alp and Pb .. 

It was noted that some of the limestones that contain calcite oolites 

or fossils also eontaiD. phosphate. However P any attempt to d.eeide 'Whether 

the phosphate is UD.disturbed or repla.eedg and if replaced, whether the 

replacement is diagenetic or epigenetic and continental must await further 

work which is in progress. 
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Techniques used in investietions 

Con centra. t 'ion and separation 

. Nothiag basica.l.ly new bas been added to methods of concentration and 

separation during the quarter. It is expected that a r~port on .the combined 

air scrubber and Cottrell precipitator (see i'Em 148- p. 54) will be cem­

pleted by Lortn Stieff in the coming quarter ~ 

Nuclear emulsions 

The use ot nuclear emulsions in the milleralogic and petrologic wrk 

of the Section is becoming increasingly important. Bev work w1 tll these 

emulsions by Lorin Stieff' and Themas Ster:m. has been described under the 

Col()rado Plateau project. 

Electron microscopy 

An applieatien of electron microscopy by Ed'WB.rd Dwornik to the 

s;ynthesis. studies on apa.ti te has been described under the Pllospha.te 

proJect.. Additions of a.bou.t 30 patterns have been ma.de to the library 

of' standard electron diffraction patterns. 

~ss spectroscopy 

The S\U"Vey' s mass spectrometer 1 now under construction, is well 
I 

along an.cl it will be set up in the Section •s Washing-to~ l.$bora.tory when 

eo~leted. No accurate prediction can be made as to when the illstrumeat 

will be in operation but it .is hopecl that it 'Will not be later than next 

fall. 
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Optical spectrography 

Progress in research in this field in. the Seetiea duriDg the quarter 

1a described UDder Spectrographic investiga.tiou . 

D1f:tereatial. thermal analysis 

The differential thermal analysis apparatus in ue in the WashiDgton 

laboratoey (see TBm 1481 p . 59) has been IIOdified by JJJaB7 changes in 

the :Put three months. . Chief among these has been the substi tutin. of 

Pt~ ,Bh thermocOUJle• tw the chromel-alumel thermocouples formerl)" 

1n Qe .. !his· has greatly imprOTed the reproclucibi.Ut7 of renlt•. !he 

coaatruct1on ot a recordiag instrument for ue in the washiDgtoa l&boratQ%7 

1s aov UDder stuq. · 

CIEMICA.t INVESTIGM.'IOIS 

Fluorimetry 

Results of iDveatigations.--Work has been done oa the desiga of a 

tluorimeter for solutions and the instrument is d.escribecl in· "A fl.uorilleter 

tor selu:ticms," by BLry :s:. Fletcher and E .. Bay Warner (ia preparation). 

!he abstract fol.lowe t 

A description of and complete drawings tor the construction 
of a fluorimeter for the measurement ot fluorescence of solutions 
are given. The iDstrument is rugged and versatile. It ay be 
used with varieua photo tubes and measuring devices. It is con­
structed so that phototubes and filters my 'De changecl readil)". 
Sensitivity is controlled easily over a wicle rage b)" l1mi tillg 
the size of either the u1 traviolet or fluorescent llgh'f; beam 
with standard apertures. 
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_!'uture work .. ~It ea.:rm.ot be emphas.ized too strongly tbat present 

fluorimeters used in the analysis for uranium are adequately sensitive 

and it is not necessary to expend research effort in improving sensitivity, 

Future work will consist in simplifying present imstruments to make them 

10.9re compact~ stable -i·· versatile, and less expensive 9 and in designing 

new instruments for special applications ~ 

Methods of uranium and thorium analysis 

Results of investi§!tions ~ --A study of separations obtainable with 

sodilDD. earboDate for application to· the a.rutiysis of 'tlrSJlium by fluorimetric 

procedures · in shales and lignites was made during the q-uarter 1 resulting 

in a report~ "Fluorimetric determination of uranium in shales, lignites, 

and monazi tea after a.J.ka.l~ carbonate separation," by Norma S. Guttag and 

F ~ S.. Grimaldi (in. pre~tion) .. The abstract follows: 

Comparative data are presented on se:pa.ratioDS of microgram 
amcnmts of uranium from milligram amoUl'l.ts of various metal ions 
with Na2COs-~COs1 lfa,2C03-~C03-H2029 and Na2COs-l'aClO. The 
N'a2 C03 -X2C03 separa,tien procedure is applied to the analysis of 
sllales 1 lignites, and monazites. ~is method will determ:ine a.S 
little as 0.001 percent uranium in shales a.n.d lignites and 0.01 
percent uranium in monazites .. 

Future work~·-The many papers on truu.-ium and uranium analysis pro-

duced by- the Survey are being edited for inclusion in a propased Survey 

bull.etinp "Contributions to Geochemistryi Methods of analysis for 

uram;um and thorium developed by the T1 , s. Geolegical Survey," edited 

by F. S$ Grima.l.di1 Irving May, and Jane Titcomb which was tentatively 

referred to in ~IR 148 as, "Collected papers on t1 ~ S. Geological. Survey 
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methcd.9 of ans.lyais for u"t"amum and thorium,. " Thi.s collection will n.ot 

include any cla~~ified papers ~ 

Re5ea,:rech will contin.ue in this w]4ple field\> I~ is pl.a.nned to con«' 

Ion-exchange methods of analyses have been studied and ea.n be u.se~ 

ftil for eertain special applieatio.n in the Section~s work~ a~d i~~emti-

ga. tion~ will be made in this f'iel.d .. 

Method.s of analysis. for aluminum and ph• phorlis 

Results of inve~ti~tionso--No new developments occurred during 

·the quarter 

Future w~rk ~--Research work will continue from time to time on methods - · · ' ' 

f'or the analy•is of aluminum and phosphorus. There is still much to be 

done in develgping new rapid methods~ improvements in phosphorus analysis 

are needed particularly when standard methods have to be a}>plied to special 

materials for whieh the method$& may not be well suited. 

Methods of analysis for misce~eou.s 
- mineral.s and compounds 

Resul.ts .of investi§S:tions .. --Work was started during the quarter by 

Henry .Mela, Jr. IJ. and Claude Waring on the chemical-spectrographic deter ... 

mination of smaU amottnts (0.001 percent and up) of individual rare 

earths in phosphate rocks .. Consul tat ion among the chemists a.n.d spectro-

graphers resulted in agreement that the best approo.eh to the determi~tion 

of individu.a.l rare earths in phosphate rocks is a combined chemical 



concentration and spectrographic determination and the investigation is 

thus a cooperative one. So far, (1) 10 rare-earth salts have been ob-

tained and their high purity tested by spectrographic analysis and 

(2) Al2 03 is being tested as a possible base material and internal 

standard for the spectrographic determination of the rare earths. Fer 

this purpose different levels of concentration of each rare earth in 

Al~3 have been prepared (about 49 samples) and given to the speetro-

graphers for selection of the spe.ctral lines that can be used for these 

levels. In addition, these samples will give data on the spectral be-

ha.vior of the rare earths in Al~3 • As part o:f this prajeet an annotated 

bibli0graphy of tP.e analytical chemistry of the rare earths is being 

prepared and it will be distributed to interested workers upc):n. completion. 
-

A repprt on the new rapid estimation of oil content of shales and 

phosphates, based on the optical density of toluene solutions of the 

oil (see TEm 148, pp. 75-76) has been prepared by Frank Cuttitta and 

is being edited. 

No new work on the determination of small amounts (0.1 to 10 ppm) 

of lead by microchemical methods was done during the quarter. 

Future work.••Work will continue in this field as indicated in this 

report and in TEm 148 ~ 'I'he goal is for the Section to be prepared to 

perform analyses of any sort that a.re required on many difi'eren.t kinds 

of' material and to do the work as rapidly as possible, with an accuracy 

su:f'fieient to meet the needs of the problem at hand. 
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Results of investigations 

Out of 427 samples of Florida phosphates previously studied statis­

tieall~ 10 S&.Qles shoved discrepancies between the radiometric a.nd 

ehemiea.l results and these discrepancies persisted on re ... analysis. 

These 10 sa.m.ples were made the subject of further study to determine 

whether the dif:f'ereJ\lees were due to utural causes {la.ek of' radioactive 

equilibrium) or to a.nalytieal errors. Six chemical determinations were 

made on each Sa.ng;lle-. three using the usual routine method and three 

using one of the most refined methods a.vail.able~. The samples were also 

counted radiometrically with the samples shielded for longer periods of 

time after special attention -was paid to the preparation of the sample. 

!he results by the two chemical methods were in complete agreement. l'Jine 

out of' the ten differences between the previous chemical and radiometric 

measurements were resolved and were found to be due to analytical. error 

(about half' chemieal1 bal:f' radiometric). 

Fu.ture wrk 

These studies will continue a.nd multiple analyses WiU be made for 

uranium and other elements and compounds on different types of' material, 

and the results will be a.naly~ed statistically. The work will eonsti tute 

a continuing and expanding program of evaluating the qua.li ty of' Survey 

analyses • 



High-index liquids project 

Results of investigations 

Additional sets of high-index liquids were prepared {see description 

in Dm 148, pp , 81~83) and distributed, mailtiy in the Survey. A new 

series of liquids ranging in refra.ct,.ve index from 1.66 to 2.02 ha.s been 

prepared by Robert Meyrowitzf and the stabil.ity of these sol.utj,o:as is 

being determined.. All e>f them eonta.in arsenic bromide t awbromona.phthalene; 

precipitated sulfur, and arsenic disulfide. 

Future work 

This study will continue and the dispersion, phase relations• and 

related properties of these and other possibl.e l.iquids will be investi­

gated. 'There is some hope tbat this work may also produce :new heavy 

liquids~ but the possibility is :m.one too good.. Reports on these in­

vestigations will be written from. time to time for pu'blication. 

SPECTRE>$RAPHIC IIVESTIGA'fiOlfS 

During the quarter eight elements were added to the list of el.ements 

determined in the semiquantitative method in one arcing of a 10-<mg sample, 

thU$ bringing the total to 6~~ 

Work was done during the quarter by Charles .Annell and Helen Worthing 

on the deter~Una.tion of impttrities in uranillDl as a m.eu.s of ~tUiDg 
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complex refractory oxides with complex spectra. The so ... called carrier 

distillati,on. method is being investigated whereby gallium oXide is used 
.l 

to carry the impurities in uranium into the are vi thou.t exei ting the 

uranium. atoms. This study uses 100-mg samples of t13 08 prepared from 

(U02) (:10s)2·6R2 01 and pitchblende to which 2 percent of' Ga2 0s has been 

added. It has been found that the lines of the im,puri ties 1n uranium 

were enhanced and those of the uraniUm. were suppressed at 5-6 B.JnPeres, 

26o-270 volts, interrupted d-e arc. Moving-plate studies indicated 

that the above conditions lasted about two minutes before the uranium 

entered the are stream. A 10-seeond preburn is necessary as tl.ranium 

oxide is swept into the · stream by the ignitioa spark. Further vrork 

indiea~ed that the Ga~s carrier was aot esseatial for the suppression 

ef the uranium llnes when the follOWing arcing conditions were used: 

25 obms 1 5-6 amperes 1 . 26o-270 d-e volts. Mg and Si, as impurities 7 

s~d more sensitivity in material with the carrier added but Ca1 U1 

and Ti shwed more se:n.sitivity without the carrier. Additional work 

will be done before s:ay d.ef'ini te conclusions are reached. 

Work is in prog;ress by A:tmell and Worthing on the detection of' 

trace amounts of thorium in samples vi thout prior chemical eoueentration, 

the determination of thorium in samples of high uranium eonte:nt, and 

the detection of trace a.msu:aits of lead. These in'restiga.tions are eon-

tinuing~ and it is expeeted that the work will lla.ve proceeded far 

enough to be described in the next summary report. 

Development by Jules Stich of the so-called single-grain qua.li tative 

method (see TEm 1481 pp. 85-86) continued. At presel'lt the procedure is 



being adapted from use in the 3-meter Baird s:peetrograph f'or use in tile 

Gaertner prism spectrograph. This transfer will make more lines of the 

elements available for inspection an one plate dne to the Wider wave­

length coverage. When this transfer is completed, the method should 

be ready for formal descri:ption _ in a separate re:pert. 

During the quarter, 74 cheek analyses of routine semiquantitative 

determinations were made and no seri()US disagreements were noted. As 

part of a continuing evaluation of the spectrographic results, a project 

was started by Teayson Meyers ill the Section's spectrographic laboratory 

in Denver to determine contamination of sam;ples handl.ed by ordinary 

grinding proced\tres. . Six auger-drill samples (sand, silt, and el.ay) 

from th~. Lest Creek sebroeckingeri te deposit in Wyoming were selected 

for study.. Treatment of the samples was as follows; 

1.. All samples had previously been ground in. the Denve,r 

grinding laboratory. This e>peration consisted of grinding 

the samples in a jaw crasher to mi:aus l/4 ineha and then 

mixing the samples in a rotating mixing cylinder, and 

splitting them in a meehanicaJ. splitter. The samples 

used for experiment. were one-quart spli ta from. this 

operation. None of the original. un.treated rock ws 

available for testing. 

·2. Each sample was l:la.D.d rolled on wrapping paper in stages 

of 100 rolls per splitting operation, using a small Jones 

splitter. Two representative splits, about 4 oz each, of 

each sample were obtained. 
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3, The splits from stage ( 2) above were treated as follows: 

A.. Samples~ ca.lled _"A" samples~ were pulverized in 

the grinding laboratory. -

B. Samples, call.ed "B" samples, were pulverized in 

the spectrographic laboratory, largely in an 

agate mortar. 

The "A" and "B" samples were then analyzed spectrographica.lly. Mo1 

N'i1 and Cu were added to all of the nAn samples as compared to the "B" 

samplesJ and er, Co# and Mn. were added te some of the 11A" samples. How­

ever, for 15 other elements determined there was no apparent contamination. 

This work is part of a thorough investiga. tion now in progress on the 

subject of contamjnation in the preparation of samples for spectrographic 

analysis. 

Future work 

Work will continue in the investigation of methods of analysis with 

the goal of increasing the rapidity and accuracy of the analyses and 

adapting methods to special materials. Such work v.Ul include studies 

of' qualitative, semiq'UBJ1titat1ve1 and quantitative analysis. Fundamental 

studies such a.s thQse mentioned and others will be continued and expanded. 

A study is being made of the application of infrared spectroscopy 

to the problems of' the whole program, and recommendations in this 

matter will be forthcoming . 

The ma.'s spectrometer (as described) when built will be situated in 

the spectrographic laboratory in the Section's Washington q,uarters. 



RADIOMETRIC llfVEB~IGA'fi0BS 

In ~· ~-inu:tng f;tudy by Jim Bracken and William R.. Cha.m;pion of 
-~ 

phosphors for use in scintillometers the behavior o:f anthracene in xylol 

as an internal phQ~phor was investigated. 'fhe results were unsatisfae.tory. 

A high-gain linear amplifier and pever supply was designed a.ud con-

strueted for use with an ionization chamber for the study of absolute 

alp:be. activity of low orders of magnitude . The characteristics of this 

apparatus are now under study., 

Al~o under study are the merits of magnetic, electrostatic, and 

differf!It.i . .f;l~l pulse height alpha a:na.lyzers with respect to ,possible geologie 

applications such a ha~f-l:i.f'e determinations 1 abundance ratios, and fl /'fh 

ratios " Different published circuits for differential pulse analyzers 

are being evaluated. 

A 'Windowless Geiger-Muller tube -was constructed so that a sample can 

be inserted directly into the tube, thus affording mininru.m absorption. 

The tube was also designed for tninimmn backseattering and nearly 2 11 

geometry~ Experiments are in progress 'With different combinations . of 

counting gases to obtain the best plateau. This tube will be used for 

absolute f'-eountillg. 

Control ebarts f<;>r the Traeerlab automatic counter are still in 

preparation. 

· During th.e quarter work was started by Francis J. Flanagan and Jesse 

wa.rr on a project involving th.e develop~nt of' a rapid radiochemical 
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method for the determination of uranium and thorium in monazite. ~s 

met~od involves the chemical separation of the radium isotopes in monazite 

by sulfate precipi1iation, using barium as a carrier. The half lives of 

the two radium isotopes of the thorium series are short as compared to 

radium in the uranium series, and equilibrium with their daughter products 

is reached in about 25 hours as compared to 30 days for the radium in the 

uranium series. 

223 224 
The radium isotopes precipitated in the procedure are Ra 1 Ra 2 

Ra226 
1 and Ra.228

• The effect of Ra223 on the count may be~ neglected 

and it is assumed (this remains ta be confirmed} that the radium from 

the tf38 series does not contribute appreciably to the ~-7· count in the 

time required for the operation of the method. Preliminary separations 

on monazites supplied by John 13. Mertie of the Swvey indicate that a 

practical ma.ximum (probably not absolute} in the growth curve of the 

isotopes from monazite occurs at about 25 hours after precipitation 

of the sulfates 4 Test runs seem to confirm this idea. 

rm.. th d t\...-·t (1) Ra226 
do.· ... es .J.ue me · . o .· 18 .fUrther based on the a.SS'WJ'!Ptions . .u.a. · 

not yield, in the amounts found, an appreciable ~-7 count in the time 

required and (2} that it is possible· to obtain 100-percent chemical 

recovery of BaS04 in the method. These assumptions are being cheekedo 

If this method proves to be sound, its application to monazites will 

be· most useful. Possibly, urani~ and thorium could be determin.ed in about 

28 hours of elapsed time 1 with only about three J:;tours being spent in work 

on the sample; 'Whereas, with prese:rit chemical methods of determining these 

tw elements directly in monazite, abwt three to four days are required. 
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Future work 

Research in methods of radiometry will continue.. Contacts w1 th other 

laboratories are maintained and frequent conferences are held with experts 

at M.I.~., the Bureau of Stan~ds, ~Ridge, and elsewh.ere. The volu-

minous literature in this field is followed closely. 

:REPORTS 

Reports written by members of the Section, or on behalf of the 

Section by ather members of the Survey up to December 31, 1950 are 

J.isted in 'fEIR 148, pages 93 to 96. 

Reports issued during the quarter of the U. S. GeoJ.ogieaJ. Survey• s 

Trace Elements Investigations Reports and '.rra.ee Elements Memra.ndum 

Report series are as follows: 

'l'EIR -
130 

144 

Title 

A study ot the critical factors in the 
udirectn fluorimetric determination. of 
uranium, by Mary H. Fletcher. 

Distribution of uranium in rich phosphate 
beds of the Phosphoria formation, by 
M. E. Thompson. 

A semiquantitative spectrographic method 
for the a.na.lysis fi~ minera.J.s, rocks, and 
ores 1 by C. L. Warillg and c.. S. Armell. 

Hydrothermal uranothorite in fluorite. 
breccias from the Blue Jay mine, James­
tovm1 Boulder County, Colorado 1 by 
George Phair and Kiyoko Onoda. 

S~y of the research work of the Trace 
Elements Section, Geochemistry and Petrology 
Branch, f'or the period April 1, 1948 - December 
31, l950.u by J. C. Rabbitt. 

Date 

October 1950 
transmitted 
February 1951 

March 1951 

March 1951 

March 1951 

March 1951 
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4; 

~itle 

Preliminary notes on the minor-metal content 
o:f Florida phosphate rock, by V. E. McKelvey, 
J. B. Cathcart, and Helen Worthing. 

Date 

January 1951 

'l'la.e folloWing reports were approved :for publication by the Director 
:; 

of the Survey! 

1. Immersion liqui.ds· o:f high refractive index, by .Robert 
MeyroWitz and Esper s. Larsen., Jr., approved lt:l.reh 1951 
:for publication in The American Mineralogist. 

2 . Chapter on Geochemistry in National Research Council's 
Review o:f Nuclear Science ·f'or 1950,. by Michael Fleischer 
and John C. Rabbitt, approved March 1951 for publication, 

!'he following report was placed on open f'ile in the Survey, and 

approva.J. {by the Director of' the Survey) :for its publication is being 
i 

sought: 

'!'he preparation of nuclear~track plates and stripping :films 
:for the study of radiaactive minerals, by L. R. Stie:f:f and 
T. W. Stern, U. S. Geol. Survey Trace Elements Investigations 
Rept~ 127, August 1950~ 

'l'he :following report was published: 

Studies of uranium minerals VII: Ze'Ulleri te, by Judith Weiss 
Frondel: Am. Mineralogist vol. ;6, nos. 3 and 4, pp. 249-
2551 1951, 

The :following reports were in proe~ss as o:f March 311 1951: 

1. Red and gray clays underlying the ore-bearing sandstone of 
the Morrison formation in · we~tern Colora.do, by Alice Dowse 
Weeks. 

2. !he phosphorite facies and genesis Q:f natural phosphates, 
by A. V. Kazakov, translated by E,. B. Jaffe. 
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3. · USGS Bulletin .-- Contribu,tions to Geochemistry: Methods of 
analysis for uranium and thDrium developed by the U. S. 
Geological Survey, edited by F. S. Grimaldi, Irving :r.By, 
and Jane Titcomb. (Previously referred to as Collected 
papers on U. S. Geological Survey methods of analysis for 
uranium and thorium.) 

4. A fluorimeter ~or solutio119, by Mary H. Fletcher and 
E. Ray Warner. 

5. Bibliography of metamict minerSrls, by T. Botinelly. 

6. Some factors in the differential leaching of uranium and 
radium in pyritic mines and mine dumps, by George Ph.a.ir. 

7. ~he stratigraphy of the U;Pper part of the Bone Valley 
formation and its relation to the leached zone, by 
Z. S. AJ. tschuler, E. B. Jaffe, 8.fld E. Dwornik. 

8. Fluorimetric determination of' uranium in shales, lignites, 
and monazites after alkali carbonate separation, by NorJJ:Ja 
Gut tag and F. S • Grimaldi. 

9. Farther studies of the distribution of uranium in rich 
phosphate. beds of the Phosphoria formation, by M. E. 
Thompson. 

10. A photometric method for the estimation of the oil yield 
of' oil shale, by Frank Cutti tta. 

11. Physical and chemical comparison of' modern and. :fusS :tOoth 
and bone material, by E. B. Jaffe and A,. lo!. Sherwood. 

12. A summary report of public samples received 1949-19501 by 
Maurice Deul. 
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