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Investigation of the Estes Park Meteorite 

Introduction. 

1 

At a point about two and a half miles west of the 

village of Estes Park are found fragments of material, 

which are said by the inhabitants of the region to be 

pieces of a meteorite. The fragments are limited to a 

small area and occur both on the surface and in the soil 1 

which is a coarse sand resulting from decomposition of the 

granite. 

When washed free from adhering soil, the pieces are 

black, smooth, somewhat shiny, deeply and irreguJarly 

pitted and rather heavy. When broken, the black mineral 

has a sub-metallic luster and granular structure. 'l.'here 

are, in this black substance, irregular patches of white 

minero.l, which vary in size fro r:1 one to ten millimeters 

in diameter. Under the hand lens these show a radiating 

structure. By carefully t.lea.ning the pitted surface some 

of the white mineral is found at the bottom of the pita. 

The pits in broken fragments are found to terminate fre­

quently in the white mineral. 

J\ttempts to obtain accurate historical data concerning 

this· meteorite have not met ili th much success. .Apparently 

no one knows when it fell and it is possible that the material 



~as identified as a meteorite on account of its color, 

pitted surface and high specific gravity. There is a 

legend that the fall was observed by Indians sometime 

between 1850 and 1870~ 

· e~eorites ~re classified into three groups which 

pass more or less gradually into one another: meteoric 

stones, or aerolites. stony iron meteorites, or sidarolites 

and nickel iron meteorites, or siderites. The aerolites 
' 

consist largely of silicate min ere ls with small s.mounts 

of metalli c allo;irs and sulphides. 'l'he siderolites consist 

of a variable ru ixtura of silicate mine rals in a network of 

nickel iron. The sideri tos consist lnrgeJ.y of nickel ir 1.m 

wi tti iron sulphide and phosphide and usu.ally e:r.aphi te or 

other forms of carbon. gyaminati <m of a number of analyses 

ind i cetos tha,t. iron .and nickel are el most uni vernally present 

in so::ne form. 

The Estes Park meteorite does not fa.11 into uny of these 

g!'oups, d nee it ccntn ins onJ.y a small amount of silicate min­

eral and no metallic alloys . 

The analysis of tbe substance was undertaken to determine 

the exact coMnoeition of~ local meteorite in order to nee 

if 1 t was 1.musual in any way , and al so to add a bit to the 

rather large me.ss of data concerning the composition of 

meteorites. 



¼1,rn.lit;.tiva Aualyni~. 

ue.1itatlvu e ,.u .. yais in the wet way, acuordin, to the 

usual nrooedu:r-, of' a onG gram sumple ehowod tho pre ence 

or a omall amount of' s11:ca, large quantities or iron and 

rather small 1uanti tieu of aluminum and ti ta11ium. The fl me 

test showed trace of sodlua. 

,;ert51n a· ft'ioulties encountered in the qun:1titat1ve 

~nalysin indicated that th:3ro were praeant traoes of 

elmnonta other than those f l')und in tbe e.nalyei a o:f a s nall 

snr.rple. In order to fJetoct those traces, 1f present, 

two hundred gram sample \"'au digested 1th concentrated 

HCl r or several days until all soluble r(laterlal was in 

aol "'tion. rl'he solution wau oaretu.1..ly deatrnt~d a.ml then 

avapor~ite<'l down until a crop of crystal a wao r o:rrood. Since 

the iron was present in large excean. fen:-ous and ferric 

chlorides or:,stal:/izcd out ~nd v;ere removed by filtration . 

Thi a process was repeated until only a. sninll volume ot 

mother 11 quor rotmined. Senne titanium s ~.rated out- w1 th 

t!"1e iron chlorideu as a rooul t of hydrolyqts . Those elements 

ooourring in small qunnti t,iea wore oonoentrated 1n the nother 

liq_uor. Iron, as ferric chloride, wna 1urt.her removec1 by 

extr;.;.otion \\:1th other c.nd it was found nooessary to remove 

most of the titanium by hydr·Glyaie, aince 1 t v, ould not re­

main in nolution at the acid concentrations required 1n the 

scheua of analysis. The resultinc1 aolution, when subjected 



to tho o..nal 1 'Lical proc · <lure of .royaa and B:r-ay, ah.owed 

mu.nga.nono, rine,neniu.i:i, zircuni· :,3., uodium and potana!.ura 

anr'! t,l,e 1:ibsencCJ of' ru.! othHr oet.allic olomantf~ . In com-

onJ y t1.8 trace e. 

Quantitative Analysis . 

etern1nat.i<m of s11i.oa. 

carnpl'l.1 of nbout one r rum v1ere digested wi tb con­

centr ttted !101 and tha tnacluble portion fi.ltiarod ot~.t 

end fusE>d ·:!th anhydrous aoditu:i oarbonat.e. This fusion 

1e.e dia9olved in dilute !Cl uncl addod t<' the r.iain sclutlon . 

The oolution wan tben evaporated to drynaao nnd baked tor 

an hmu:• £\t 110° - 115° 'J ~ tai-~Em up ' 'J i th HCl and water 

and the ailion. filtered out , Thia prooesa wan repeated 

~ aeoond ti Me to remove oiliee as completely ns possible. 

The naoluble l"oaidue, which consisted largely or silica 

W!!::i ignited in platnium cruc1blo 1 cooled, vwigtied and 

traat.ed with H~f04 and HP to volatilize ailica ~.s ;,a .f4 • 

Tue loos in w 1 it L., the woi L.t o,f' silica . 

eight of sa.pla Weight or Oi00 f"'er oont ~aoo 
~ &..J 

1.0010 .ooar . 82 

. 9994 . 0076 . 76 
l. 0080 .ooaa . 81 

1 . 0060 . 0084 +83 Average 
, 81 

per cent 



5 . 

The residue rer.in1nin !, in tho cruc1 le , s futed with soclium 

carbonate, dissolved in di lute HUl • net ttdoed to the f il trnte . 

Determination of titanium. 

An ali< uot pnJ:t of the f il ti"u.ta froi:i the silica oeter­

minat1 on ,as used. The solution wau 11outralizad o.ric1 mede 

\! eakly acid • i th a.co tic cid ( 10 co . of oetic !lc1d to 300 cc . 

of aolution) . Soa1ur.i t.hioaulphut w ,13 adct&d t,O pravent the 

precipitation of iron. 'l.'ho ol.ution wao t.hen boiled . 

T1 tuni ta dioxide wus preci pit ted • duo to hydt"olyaie, long 

1l,.i'.l ulphu.r and m.1nll ari o.u1tn of iron a.no a.1uminuo ~ The 

• ol ut. 1011 ·,a.a f 11 t red tlu--ough e. hardened filter . Papllr Pulp 

w • us d to prevent the fine preaipitnt& :from pt.asing through 

t!'1 J.a er. 'l'he precipitat of T1o2 vma then 1gn1tet1 at a. 

loli ta peratur for hnlt' an hour and then fused with sodiu.r.t 

crruonate . he !uoion was diointogra.ted with tater and ttta 

solution filtered,. The filtr te whioh contained aluainum 

1 aa add· d to he mo.in snlu ti ,,n oonta. niug alnmim.\l:h 'l'he 

rt:1~idue waa digested with l - 1 HCl, tho filter pcµer 

filtered out and the titnium dioxide praoipltated EH3 befor 

by neutralizing with NH40H and uddina acetio acid and aodium 

tl,iosul:phe.t and boiling. '!'he precipitate a.a igni tad and 

weighed ·s 102 
' ,fJ ight of Stltlple 1 ,ei ht of Ti02 Per oent of T10q ,., 

. 3VU3 . 01"' 4 . 93 

.2998 . 0148 4 . 94. 

. 4032 . 0196 4 . 8'7 

. 4024 •0198 4 . 92 Average 
4 . 92 

per 



Detoroination of aluminum 

:for tho deterr.11nation or alu.minu.m. The eolution was ma.de 

weakly aoid with HCl. Sodium ar1mo.nium phoapbat.e, anmonium 

uootate and a.oetio acid were added. 'l'ho $olution vuia then 

oiled. 11luminun1 wno pracipi tated as aluminum phosphate 

along with some sulphur. The precipitate of aluminum 

phosphate waa dissolved in l .... l HG1 , the paper and sulphur 

filtered out, and the alur.i1num precipitated o\lt as phosphate 

by neutralizing the aoluti on :'i:i th tJH4oH , adding aodim:1 t,hio ... 

sulphate, ammonium a.oetate :1nd ac-,.tic aoid. The pre<:'.l.r,ita.to 

r,a.s filtered off and heated at e.. loV! temperature in s por­

celain or-uoibl until the paper wa.a burned: 1 than i.=;nited at 

a ttigh temperat'.lrEl and weighed as aluminum phonphate~ 

. 4032 

.4024. 

.2000 

.2ouo 

Deternination of iron. 

.06?2 

.0672 

.0536 

7 .07 ,.\verngo per cer: 
'7.02 

A sample of about. .4 gt"ams was fused with potassium bi­

sulphate. The melt as dissolved in dilute hydroohlorio said, 



n, al inu, tit niu, to. er prec1p1t· d by dding 

nn x s or r t:or um 1 droxid • _The pre ipi t is-

o v d 1 l,yctrochlorio •id o such a ren t th. t t . ro"'ult­

ir ·ol tion ould contain ,,.-: - ~3 p r c nt .c . .. he solu-

n th n xtr oted v r l 1 s ith ether 1n order 

te iron fro th other olom nt resent. ...inc 

o 9 :per cent o tl o iron i extracted by t er from 

ol t·on of th oove cid ocmceutrat on, three extr tion 

sho l effect pr •tio lly complete e ar.tion of tho iron. 

D1l t lphurie •cid a ~dtO<l to tho e her xtruc • other 

~ a 110 a to ov porctc co1.1sly nd t oolution 8 

e ,a orr t a to fun & of nul t1t.ur tr !oxide to r ove h.' drochlorio 

ci. Th l tic,n w a th n ct l~.utod • reduced i th zinc, nd 

ti t,r tad ., it . ot . siu.m ' r n o.r1 t, uol tion. 

it,t t of • :ip,.e c.c. por ng l te Per cent 

• 3'J 6 46.85 63.1 

.4019 47.20 63.0 ,.ver e p 
63 .05 

c. .:tnO ----"- .ooi:30 ~e • - • 

ron l 0 t rt i e ccord· ~" t th 

proc d , .. .,,. • .do 0 ,le a cli6 olv d by r ~ iS of' si 

l:.li ulph to . ion as efor Iro lu 1, ti nil etc . .. .. , ' 
ere pr i it.tad by on . hyd ox1 0 t ros uc 0 

t jt -re . n 1l"'oxide. rh pr oipit 0 . a·o ol ed in hydro-

r cent 



ch.lorio acid, sulphuric ~cid 1.r1as added and the solution 

evapor tad to fum a of Gl..:.lphur trio,dde to re111ove hydro­

chlot·ia a~ id. Tho oolution wae than diluted and the iron 

reduced by eane of hydrogen sulphide in acid solution. 

Tb preoi pitnted sulphur we.a filter d orf and th€ exc aa 

ot nydrogen sulphide rer:10ved by boiling while carbon 

dioxide wao bubblit1g thr"ugh tho solution. 'l'ha solution 

wua :rapidly cooled o.nd titrated with standard potassium: 

per:;1anganata colu.tion. 

~,tneral analyt;ia 

63.i~ ,ver·a.ge per cent 
(.~; • . }j 

No attaopt v,ae ma.do to detorm1t1e all the t:iincrt:.l.s prGsent 

oince 

The blaak r.1ineral whioh rnn.k~s up 

is ti t.aniferous mr:1.guetite. J1tte11rpta to &rind ,:. thin section 

from V!hi ch th<:) trnuapar(lnt. riintn~a:1a could bG detot·mirwd optically, 

did nt1t ·rnet, with ouooiHJa on account of the .. i:tct t?'iet the h1te 

m terial ground away muoh f a:at.er 1ha11 the ma.gneti • e .. 

i handfU.l. of small pieces of the r.mte1·ial v1E're di<,;,eatad 

w:1 th bydrochlort c acid until tha more readily solublo portion 



9. 

had dissolved. 1'he remaining t!late rial was washed, dried 

and examined. Platea of white and dark mica were found-­

probably muscovite and biotite and also several sr.1all 

octohedra which proved to be franklinite. 1he bulk of the 

mineral in the white patchas is an a.nhydi:·ous aluminum 

silicate possibly sillimanite, but was not definitely 

identi f ied. 

The presence of enstatite was determined by optical 

examination of s0111e of the crushed material 

Summary. 

BiOn 
4 

.81 Na 'l'raoe 

'fi o.., 4.92 cu " 
i::... 

Al~0 3 7.02 V It 

Fe 3o4 87.23 Zn " ,. ___ 

99.98 Mn ll 

Mg ti 

Zr tt, 

K " 

lt"errous iron was not determined quantitatively because 

the material was only soluble by fusion. Fe3o4 was cal­

culated from the per cent of iron assuming tha.t all the iron 

was in the form of magnetite. 

The following minerals wero found: titanife:rous magnetite, 

franklinite, enstattte. Biotite and muscovite are probe.bly 

present and sillimanite is possibly present. 



10 . 

'l'he om:1pl.ete u 1Hmce of t1iot.el is unusual and it ia 

to be noted thr~t the oonpo.:;iti<itt of thio motE'lorito is au.t:h 

that it doe not, cor:N:'Hlpond tc eny one of thf th:r!lo e,roups 

; nto \". nich mateo1":i t.o~ c.re clasai fi ea , nor to eny interuedi~to 

pouttion . 

lH. bl i ography . 

/.nclyt:J.ce.l ::hot1i utr-y 

Cie.co l.ne.J.yais 01 rrou i:1nd ta,eel P:roducto 

R. B. rooro ot., al . .rmlytioal tothodu for. CQrtuin rotals 

Burec.u cl:' .i~roc; .~ul . l!lD . 

r: . F . Lillob:rand Uni t.ed Bt..ut.ea GeoJ.ogj.nal tnrvey !Ju.J.le tin 

'100 
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