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'.}?-adiorhemical llnalysis of the Odessa Siderite.-T he Ode a siderite 
i 0 11 bf ~ .veral'.siderites made available by the Institute of Meteori tics 
to Dr. Harrison Brown, Insti tute for uclear Studies, University of 

,Chicago, fo r racliochemical analysis. Brown ( 1949). analyzed this speci­
men for ga~lium and palladium ;3 his results are given in T able 2, row 
(1). T he corresponding results for the Albuquerque, New Mexico, 
and Canyon Diablo o. 1 and Canyon Diablo Io. 2, Arizona, siderites 

-are gi ven in the second, th ird, and fou rth rows, respectively, of T able 2. 

-
Odessa 
Albuquerq ue 
Canvon D iablo 
Can)'on Diablo 

TABLE 2 
Ga/limn (Ga;' 
69 .3 p.p.m. 
90.5 

o. I 77.4 
·o. 2 85.0 
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Palladium (Pd) 
4 . 15 p.p.m. 
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The Glorieta Mountain, New Mexico, Siderite 
(ECN= + 1058,356)* 

CA RL \ V. BECK, LI NCOLN L AP Az, and R ALPH G. STEVENSo,r, J R. 

University of N ew Mexico, Albuq uerque 

'\ • ABSTRACT ,\ 
;.- .. The · hi tory of the ·rccovet'y oI the inas'ses that ' compri ze the Glorieta Moun­
' · · · "tain, ew M ex ico, sideri te is reviewed. The pre ent paper is based on a detailed 

miner:;ilogical, metallographica l, and chemica l investigation of the remarkable cane­
shaped pccimen from the Depar tment o f Geology of the University o f New 
Mexico. The meteoritic constituents present a re kamacite, taenite, plessite, schrei­
bersite, and lawrencite. The meteorite is class ified as a medium octahe<lrite (Om). 

l NTRODUCTIOK 

The fi rst recoveties from the Glorieta Mountain, New Mexico, sider­
itic fall \\'ere made by Mr. Charles Sponsler on Augu st 9, 1884, on the 
ranch of Mrs. Roival," near Canoncito, Santa Fe County, New Mexico 

*Read at the 13th Meeting of the Soci ety, Flagstaff and Barringer . feteorite 
Crater, Arizona, · 1950 September 5-7. 
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(ECN = + 1058,356) . Mr. Sponsler, who had been prospecting on the-' • 
Roival _Ranch, imagined that he had stumbled upon a valuable ore de- ' 
posit, despite the fact that the mass was found lying on top of a rock . 
The impact with the rock had shattered the me.teorite into 3 fragments. 
Suhseqently to Sponsler's initial discovery, Mr. J, H . Bullock, begin­
ning in A ugust, 1885, spent about 6 weeks in a carefu l examination, oi 
the area in which the masses of meteoritic iron had been fo und, and, 
as a resul t of hi s search and excavat ions, di scovered 3 more masses of 
the fall. Since the discoveries made by Sponsler and Bullock in 1884 · \ 
and 1885, the find int of an occasional, additional fr agment . of the 
Glorieta Mountain meteorite has been reported from ti me to time. At 
least 2 of these more recent finds (Albuquerque and Pojoaque) ,v<!r ·· .. .-) 
initially assigned incorrectly to localities remote from Glorieta Moun"' .:i·"\, 
tain, but are now accredited to the shower that fell on and ·· near the 
Roival Ranch . · 

In the order of decreasing size, the 6 masses found by Span ler and 
Bullock may be described as follO\\'S: No. 1 \\'eighs 148.5 pounds and ·.,. · . . 
clearly exhibits a surface of dis ru ption; No. 2 weighs 11.5 pounds ancl . 
shows not only a surface of ru pture like that on o. 1 but also a flat­
tened portion, 10 X 6 inches, which has been interpreted a·s the ·surface 
area-- that actually struck against the rock ; I o. 3 wei<Yh . 53.5 pounds 
and also shows a surface of ru pture; No. 4 weighs 2.65 .pounds anci · ·( · 
shows the effects of di sruption over one-third of its surface, .the area . 
of fracfure showing coarsely fibrous iron drawn out in the directiqn.· ·. 
of the missing part ; No. 5 weighs 2.48 pounds, and approximately five- ·· · ·' 
sixths of the entire surface bears marks of violent di sruption ; o. ·6 
weigh 2.31 pound and is very fl at, the_ fracturing of the mas )a~i'n ,..,.. 
left a nearly plane sur face sugge tive of a cleavage. 

G. F . Kunz ( 1886) ;1 after careful e,xamination of Np . 1 to 6, con- : !,.. 

eluded that all of these piece were fragments of a single large 1c: . or-
ite that " flew a under" when it struck the rock on th Roival Ranch. 
He noted that the 148.5-pound piece was fou nd .onJy 8 feet from the 

.. 115-pound and 53.5-pound pieces, a fact that, in hi. opinion, ·<fi mon-
trated conclusively that the meteorite had burst on impact with the 

rock and not while traversing the air . Even the mall ·fragment , 1 os. 

{ 
4, 5, and 6, \\'ere found at not more than 45 or SO feet from the large 
masse , having been hurled to such distances etause of_ their light 
weight. All of the fraornents were buried at depths of from 3 to 10 
inches in the vegetable mold that cover the solid rock in many place .' .., , 
Kunz attempted to reconstruct the orig inal sin le mass from the e 6 
fragment , arriving at an individual with a Jen h of 25 inche _a beigh.t . , 

, o f 10 inches, and a thickness of 15 inches (Kunz, loc. cit:,1 p .. 329) . 

In contrast to --the opinion Kunz formed conceroi_pg the fragmenta-
tion of the meteorite, Brezina ( 1895 ; loc. cit.,2 p. 280) regarded Glori~ . ,.. 
eta. Mountain as a siderite that, like ·Butsura, India ( ECN = + -841,271 ;___.;: ·, 
cl. = C, i) had burst before reaching the Earth and bad sufferedyartiaL~~:- .~ 
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!us19.n after the. ;eparation of th~ pieces in the ai r. In support of thi 
·view, Brezina called attention to the striking di ffe rences between the 
, smooth surface ; coated with fusion cru t, which he interpreted as p~rts 
9£. the pr imary face, and the areas characterized -by ba.ckly fracture, 
occasionally· slightly fu ed, vhich he r arded as the econdary surfaces. 

A chemical analysis of fragment o. 3 of Glorieta Mountain, by 
James B. MacKintosh of the School of Mines, New York City, gave the 

· following results : F e = 7.93%; i = l l.15 %; Co = 0.33%; P= 
0.36%; total= 99.77%. 1 ~o other elements were determined. 

A chemical analy i of the 7th mas recovered from the Glorieta 
• fountain fall was made by L. G. Eakins, with the following results : 
Fe = 88.760% ; ri = 9.860 %; Co = 0.5 10%; Cu=0.034%; Zn = 
0.030% ; Mn = t race; P = 0.182 c ; S = 0.012%: Si = 0.044% ; total 
==r-99.432 % . E?kins regarded this analysis as corresponding to the 
follo wing mineral composition : 

Xickelife rous iron 
T roili te ( F eS) 
Schreibe rsite (i\'i ,Fr,P ) 

T otal 

98 .22.J o/o 
0. 033 

. 1.175 

99.432% 

Altho ohen, vVeinschenk, and Brezina have studied certain features 
of the Glorieta Mountain meteori te, this siderite has not received the 0 . • attent ion. that its manv rnetenr itic haracteri stics merit. T he re~e l f-()(J""- 7 

. pap:r· i~ based on a mmeralog1ca!, metallog_raph1cal: and d1em1~al m L /'i . .,,J-.' 
vest1gation· of a remarl able specimen of the Glon eta Mountam fal l Ur f I 2-
(No. I OM-7 in the collection of the Institute of Meteorit ics), w~ighing ~ 11''Apl-d<.. 
3 ou 1ds and 12 ounces. {b II ,,,, Li 

"f2. . " I' 1-/f-.J 7 -• 
L-" p~, M .\CROSCOPIC EXA:SfIKATION I . 
. A macroscopic examinati on of thi specimen of the Glorieta Moun- 7./c IVµ f.r'-'7 
: · tain fall reveals that the specimen is a club-shaped, or cane-shaped, la,J W"-J. -/1.1 

sicJe1'ite, 23 cm. long, wi th a cross-section about 4 cm. in each direction f~r,J. Df 
at the widest part ( F ig. I A ). T he specimen has been sliced, polished, c:,(..., ..I? 

1_ -. · --- --- ·· - -·-1 btvsl, t' firif- 111~1i-r 

I {k · et,'u:I" w~ ~ 

F 1G. 1 
T H E GLORlETA M ouNTAIN, NEW MEX ICO, S mERITE: 
A . EXTERIOR SURFACE; B. MA CROETCHED S URFACE ; 

S CALE I N INCHES 

tPIII t 11tfi~ f 'fe· 
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and macroetched along one side ( Fig. lB ). Small secti~ns ·ha°ve been 
removed from one end, one a ·cross-section and one a section parallel 
to the long axis, in order to make polished sections for metallographic 
study. 

The weathered surface is characterized by angula r p1ttmgs. The 
ang11larity of these pits is a rather unusual feature of meteoritic irons: 
The long club-shaped, or cane-shaped, habi t of this specimen of the 
Glorieta Mountain fall also is unusual. The color of the weathered 
surface is the reddi sh-brown so common to siderites. 

· The macroetched sur£ace shows the iron to be a medium octahedrite 

. ' 

(Om). The kamacite plates, which range in thickness from 0.4 t o 1.0 ·. . , 
mm., traver.se the surface in as .man:)' as 4 direc:tions. The kamacite.·. · , _- : .-:/ 
plates are bounded by thinner taenite lamellae, and the angular inter- · ' ." ,\ 
stices are filled by plessite fields. A few small areas have been deepjy 
etched and appear granular . I t is thought that thi s g ranular appearance 
indicates areas that had a loosely granular structure before etching and 
were more deeply etched because of the g reater surface area exposeq ·· _: ·,. ··. 
to the dissolving action of the etchant. . . 

This fall consists of a number of irons, some of \\lhich are said to 
possess pallasitic areas, or areas containing la rge grains of olivine eri~ . . 
meshed in a network of nickel-iron. The specimen stud ied for .this re­
port exhibits no su.ch pallasitic areas, however. 

MICROSCOPIC EXA~INATION . . 

Two (2 ) sli ces of the Glorieta Mountain sideri te, one cut parallel to··.· >"·' 
the long axis of the specimen and the other at right angles to it, were · ' 
mounted in bakelite, polished, etched with !1ital for 15 sec. , arid st~died . 
with the metallographic microscope. Examination of the polished_ sec;- . . ,•~ 
tions before etching revealed small amounts of lawrenci te (Fig. ~~) ,~ . 

"·ith a random di strib ution. The lawrencite aj)pears to be concentrated 
along boundaries of kamacite g rains or along fractures in kamacite 
plate~. The chemical analysis (Table 1) shows the presence of appre-
ciable chloride. .---J 

The microscopic examination confirms the structure a bein -that 
of a medium octahedrite (Orn). The majority of the kamacit~ larnellae 
fall in the range of 0.25 to 1.0 mm ., tho ome extremely fine lamellae 
(0.05 mm.) and some thick larnellae (up to 1.75 nun.) are evident in 
the sections. 

The e'.,ternal zone of alteration is not very great, reachin rr a maxi­
mum depth of 0.5 mm. The inte rior of he siderite, with the ·excepdmt 
of the aforementioned lawrencite, i. free from alteration. From the un-

. . ; 

altered appearance of the meteoritic con ti tuents, as well _as from the · , -.. ,. ~ 
lack of extensive external oxidation, it may be inferred that the meteor_:: . 
ite' did not' undergo severe heating during jts fli ght tl1ru._the a!!Uosphercf. ., 
· The meteoritic constituents present are kamacite~ taen.ite, plessite, _; ~- • 
Iawrencite, and a small percentage of schreibersite. '.Die principal-"com: ---:.; · . 
ponent is kamacite, in bands crossi~ one another ~ in as ~n :.w 4. ___:i; ~ • .' 

t ,.,.· • .• • 
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direction , to gjy e the octahe ral structure. For the mo t part, the 
. (kamacite is structureless, tho occasionally eumann. lines are seen. 

Taenite occurs either as thin lamellae bordering the karn?-cite or as 
· highly ·irregular, angular g rains in light plessite, or as a component of 

dark pie site ( Fig. 2C). The bordering taenite i thickest where 2 

f~ 

__ _ c _________ _ D ___ __l 

l ; IG. 2 
• T 1c Gloricta :'lfo1111tai11, Kew Me xico, Sicler ite: A. Lawrencite in kamacite ; 

B. "Comb" st r uct11 re: kamacitc, taeni tc, an d dark plessite; C. Light, elongate 
plessitc intcrsper eel among kamacite and tacni tc lamellac ; D. Schreibersite in 
equarit,_ cuhcdral crys tals; X 40: . 

1 
: , • . : · . .lam.ellae cross each other, and thios away .from the intersection. Taerµte 

:- .. • . · · occurs also in the light plessite in the arrangement referred to by Ger­
ma~. writers as K iimme (combs) (Fig. 2B); ,furthermore, the taenite 
bands are thickest at the border of the light-plessite field, and thin 
towards the center of the field. 

Plessite, both the light and the dark variety, is abundantly present in 
the polished sections, generally filling the angular interstices of the octa­
bedral structure (Figs. 2B & 2C). The light, or normal, variety is the 
predominant type of plessite. It is fo und typically in the octahedral 
structure, but it is fo und also in elongate fields interspersed among 
kamacite and taenite lamellae ( Fig. 2C). Some dense pl~ssite also 
was found occupying a similar position. The dense plessite occurs 
also in rectangular fiel ds bounded by taenite, and as a component of the 
comb arrangement ( F ig. 2B ). 

Schreiber ite is not an abundant constituent, but it occurs as equant, 
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fai rly euhedral, tetragonal crystals (Fig. 2D). The g reatest number 
of these .schreibersite crystals fall in the ranrrc of 0. 1 to 0.2 mm. It is 
to be noted in the chemical analysis (Table 1) that an ext remely small 
percentage of phosphorus is indicated, much s111aller than the micro­
scopic examination would indicate; evidently the sample taken for 
chemical analysis fail ed to include many of the numerou s isolated g rains · 
of schreibersite. 

No troilite was noted in the polished sections, and the chemical 
analysis (Table 1) confirms the absence of sulfur. 

, CHEMICAL A r ALYSIS 

A chemical analysis of a representative sample of the Glorieta Moun; . . . , 
tain siderite was made by Dr. ·E. L. ·Martin, Department of Chemistry . . :.:. -,..• 
U niversity oI New Mexico. The results are shown in Table 1. . ~ 

T AnLE 1 
C H DllCAL ANALvs , s or TIIE GLORIETA M o tr:-1 T.\ 1:,.; Srnrn,-ri: 

Fe 88. 37% 
Ni 10 .39 
C o 0.84 
C l 0. 48 
Cu O 00 

0 .00 
P 0 .001 

T o tal •. .. l 00 .08 1o/o 

F e 
Molecular Ra t io 

Mol ecul ar Ra tio 

= 8 .96 
' i 

Fe 
- -- = 8 .29 
~i + 0 
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Notice of the 14th Meeting of the .Society _, 
T he Council of the ?lletcor itical Society announce tha the 14th 

Meeting of the ociety will he held in conjunction with the next annual 
1 1eeting of the Pacific Divi,:ion of the American ssociation for the 

dvancement of Science. on ~[onday, Tuc~day. and \Vednesday, J une 
1~-20, 1951, at the 'Cni vcr!iity o f Southern alifo rnia, Los ngeles 7) 
Cali forn ia. The Societ\· hare invitati ns with the stronornical Soci­
ety of the Pacific. ,\·hi~h will meet a the same time ·and place, to 'lisit . 
the Griffith Observatory on [onday evcnipg, J une 1 , and the Mount 
vVilson O b e1·vatory on \-\ dne day afternoon, June 20. • 

Memb r of th_e oci ty are h r by req ue· te<l to send the under­
signed, at their arliest convenienc the titles and ab tracts ( the lattir· 
in form fo r uhl ication in C. LS. f any papers that they may wish 
to pre ent, or to have presented, at the forthcomin ·,neeting. 

JoHN . Ros ELL, S e.cref.ary~_ 
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