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A NEWLY F OUND .MET EORITE F ROM ADMIRE, LYON 
COU NTY, KANSAS. 

By GEORGE P . . M E RRILL, 

H eacl Curntor of Geology. 

Concerning the fall of the meteorite here described, little if any ­
thing is defi nitely known, the material being plowed up in a very badly 
oxidized condition, indicating that it had laid fo r a long time in the 
soil. A correspondent info rms me that some thi tty years ag·o a 
meteori te ,vas seen to fall in the vicinity , but nothing was found at 
the time. It is possible t hat this may be the material, fo r cer tainly 
its condit ion would indicate that it must have been exposed for many 
years. 

The first piece found was plowed up by Mr. W. Davis, of Admi re, 
Kansas, about ten year s ago, the original mass weighing some 12 or 
15 pounds. This was all broken up and lost, with the exception of 
some 432 grams obtained by the United States National Museum. 

In addition to these ther e were obtained three masses weighing, 
respectively , 2,0:1:8, 5,:1:60, and 6,720 g rams. There is known to be in 
existence another oxidized mass weighing upward of 7,000 grams. 
It is safe to assume that not less than 30,000 grams must at some time 
h~ve been in existence, though the total weight can never be accurately 
ascertained. 

The distribution of the pieces found, together with their con e­
sponding weights, so far as I have been able to gather them, was as 
fo llows : 

I To,_vn- I Runge. I Section . I \\'eight. ship. 

Grmns. 
16 

I 

12 

I 

35 

I 

6, 725 
16 12 36 7, 280? 
16 12 25 2, 0-18 
16 ]2 14 432 
16 ]7 1 5, 460 

On casual inspection the masses found have the appearance of ordi­
nary limonite seg regations and nothing· to suggest their meteoric or igin. 
(See Plate L.) The specimens ar e deeply fi ssured. On breaking a 
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mass open it is fou nd to consist of metallic iron and o1ivine, both in 
such quantities as to be read ily determined by the unaided eye. Cut 
and polished specimens show it to be a pallasite and to belong to 
Brezina's Rokicky group, of which the meteorite of Eagle Station , 
Carrol1 County, K entucky, is tbe on1y representative thus far found 
in America. In fact , the Admire meteorite is the third representat-irn 
of the group thus far known . 

A polished surface brings out very plainly the mineral composition, 
an d presents some exceedingly interesting structural peculiarities. 
(Plates LI and L II.) The silicate mineral is olivine, which occm·s in 
single crystal s and aggregates from 1 to 30 millimeters in diameter . 
These are almost universally fractured, and many of t bcm are in a 
decidedly sharply angular condition. The proportional amount of 
iron varies considerably, but as a rn]e p robably constitutes one-third 
in bulk of the mass and occupies th e position of a binding or cement­
ing constituent. Schreibersite is comptLratirnly abundant and easily 
disting uishable by its luster from the metall ic iron. Troilite in 
sporadic patches is common, and there is also a fairly abundant scat­
tering of chromite granules in sizes up to H- mi llimeters in greatest 
diameter. A ll but the last named are r eadily distinguished by tbe 
unaided eye on a polished surface. 

A freshly cut surface of the meteorite shortly becomes coated here 
and ther e with a greenish exudation which reacts for chlorine and 
iron , and is undoubtedly lawrencite. This exudes sometimes from 
the mass of the iron itself, but is more abundant along the li ne of 
separation between the iron and schreibersite plates. It is very 
abundant and undergoes such ready oxidation that polished surfaces 
are quickly tamished, and it has become necessary to protect the sam­
ples by immersing th em in paraffin . Once thoroughly soaked in paraf­
fin , bo,rnver, they do not seem to undergo further deterioration. 

The above completes the list of determinabl e mineral constituents. 
A most striking featu re of the meteori te is the brecciated condition 

of the olivine, as shown in Plates LI and LIL The angular character 
of the ·particles is even more prnnounced than in the Eagle Station 
meteorite. The brecciation , howenr, is :;carcely that of a rock which 
bas been subj ected merely to ordinary crushing; it is more like that 
which one could conceive to baye been brought about by the sudden 
plung-ing of a bot body of low heat-conducting· po,l'er into an intensely 
cold medium, or the opposite. 

A very important featu re is that the native i rnn, scbreibersite, and 
troilite often penetrate the si licates along these lines of fracture, as 
shown in Plate LIIl, fig. 1. The threads or Yei nlets of iron and schrei­
bersite vary from a mere line to a width of 1 or 2 millimeters, and 
indicate beyo nd question a solidification and perhaps reduction subse­
quent to th e shattering of the crystals. Under the microscope what 
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are plain ly portions of the same crystal , but slightly separated and 
with almost identical optical orientation, a re seen with thin veinlets of 
iron or schreibersitc traversing the fractu re lines, as shown in Plate 
LIV. I can not discover that there exists any constant proportional 
relationship between these two minerals, although the iron is by far 
the more abundant, and the scbreibersite, while sometimes in thin 
plates, is also present in granular fo rms. 

The metallic minera ls often occur associated in a peculiarly sug­
gestive manner. This may be best understood by reference to Plate 
LV, which is from a photographic enlargement of about five diame­
ters. The broad, white outer band (1) is of ni ckeliferous iron . 
Inside this is a dark area (3) interspersed with iron in the form of 
rou nded blebs and dashes. Between the iron and the dark interiors 
are always thin metalli c plates (2) , at first thought suggestive of 
trenite, but which chemical tests ham shown to be invariably schrei­
bersite. They do not show in the illustration, though very evident on 
n, polished surface. The gray interior matter is not in all cases homo­
geneous. Wh en subjected to friction the outer portions- white in 
the fig·ure- quick ly take a highly lustrous, fairly lasting polish. 
The interiors come up more slowly, are less lustrous, often showing 
under the glass a surface of minute metallic points interspersed with 
others without luster - that is, which take no polish, indicating· a lack 
of homogeneity in the material. Often a central portion of the area 
has seemed to be more compact and more homogeneous than that 
nearer the margins, though one portion grades into another without 
sharp Jines of separation. (See Plate LI, fig . 2-a.) 

On exposure some of these areas quickly tarnish , while others bold 
their dull polish for a considerabl e length of time. Those which 
tarnish most quickly exude a greenish material, which reacts for 
chlorine, and which, wh en washed away, leaves the iron beneath of a 
dull blauk color and pitted. The conclusion is inevitable that in such 
cases the material is a spongy mass of metallic iron and iron chloride, 
presumably lawrencite. Other portions, again , seem to be like 
spongy mixtures of iron and iron sulphide, and still others nearly 
pu re iron. 

Attention should here be called to the spicules of iron (4 on 
Plate LV) whi ch are seen extending from points of attachment on the 
white metallic portion inward and in some cases nearly across thi s 
gray interior area, which has been described as composed in part of 
lawrencite. These spicules have all the appearances of i neipient stages 
of crystallization where the process has been arrested before comple­
tion. They resemble greatly in their gener al appearance frost crystals 
which are to be seen upon the windowpane in cold weather, or acicular 
crystals forming on the surface of pools of quiet water. 

The iron on etching, it should be stated, does not yield the~ 1Vid-
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manstattian figures, but there is brought out a prominent line of 
demarcation between the outer zone of iron and the inner , very 
brilli ant thin plate which, though suggestive of tamite, proves to be 
scbreibersite, as already noted. 1 So far as I have been able to deter­
min e, but one nickel-iron alloy exists, that corresponding most nearly 
to kamacite, as noted below. 

Tbe general structure of the meteorite, as revealed by tbe micro­
scope Jn tbin sections, is sbown on Plate LIV. , Veathering, as already 
noted, has produced extensive alteration in the metallic portions of 
the rock. Naturally, the la wren cite bas been the first to yield, and 
following this, the troilite and native iron, the schreibersite being 
left standing in relief and quite conspicuous. 

The first product of the oxidation of the iron is not limonite, but a 
bigbly lustrous-on polished surfaces, blue--material which crushes 
down readily to a fin e brown magn etic powder. 2 On further exposure 
this goes over into ordinary limonite. Where the oxidation has gone 
on largely, the silicates are shattered, and veins of the oxidized 
material traverse tbem in every direction , producing a netwoi-k of fine 
lines which, in the thin sections, show up with ~ pronoun ced blue 
refl ection , at first scarcely disting uishable from the native iron itself. 

A chem_i cal analysis of the meteorite as a whole has not been 
attempted, as it was felt such would be of little value, owing to its 
extremely coarse nature and the varying proportions of metallic and 
silicate constituents. Carefully separated bits of the olivine, free 
from. i nclosures or oxidation products, yielded the following results : 

Per cc11 t. 
SiO, . ___ _ . _ -.- ___ _______ _____ __ ____ _ . ___________ _____ 39. 1-! 
MgO ______ . __ _____ ____ ___ ________ _______ ____ ____ ___ 47. 63 
F eO __ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13. 185 

Total _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 99. 955 

This olivine, in the thin section , it may be well to note, showed at 
tim es a well-defin ed and quite regular pinacoidal cleavage, which, on 
basal sections, so closely resembled the prismatic cleavage of enstatite, 
tbat the true nature of the mineral was ascertained only by noting the 
position of the plane of the optic axes. 

The analyses given below were made for me by Mr. W'frt Tassin, 
assistant curator in the Division of Mineralogy. A portion of the 
mass r elatively rich in iron was taken. This was carefully cleansed 
mechanically from any visible traces of silicates or oxidation pro­
ducts, the cleansed material amounting to 3.3209 grams. Of this 0.07 

1 The investigation s on this meteorite and on that of Casas Grandes, studied by lVl.r. 
Tassin, lead us to feel that schreibersite occurs more freq uentl y in thin plates, 
simulating trenite, than is commonly supposed. 

2 This agrees with obserrntions made by J . Lawrence Smith in 1875 on other irons. 
See briginal Researches, pp. 480--486. · 
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gram consisted of small black grains, later identified as chromite, the 
soluble portions separated from which amounted to 3.2509 g-rams. 
From this the following percentages were obtained: 

Per cent. 
Fe _. ___ ___ _____________ ___ -- -- - - - - ---- --- - - - - -- - - - 93 
Ni _______ _____ ____ _____ _______ ______ _____ __ ___ _____ 6 

Co __ __ __ ___ __ : - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - _ _ 0. 02 
s ____ _____ ___ ____ _______ ___ __ . ___ __ __ ______ ___ ___ __ o. 03 
p __ . _____ ___ _____ __ __ _____ ____ ____ __ . _ _ _ _ _ _ _ _ _ _ _ _ _ 0. 025 
Cn ___ _____ ___ ___ __________ _ - ___ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Trace. 

Thii- corresponds to: 
Kickel iferous iron (Fe, Ni, Co, Cu, etc. ) ____ __ . ___ __ _ 
Schreibersite (F e, Ni )

3
P _____ ___ __ _____ _________ . __ 

Troilite, FeS ________ __ ___ ___ _____ ______ ______ __ ___ _ 

98.273 
1. 645 
0.082 

100. 00 

The chromite obtained from various portions as a result of mineral­
ogical separations was purified so far as possible by treatment with 
acids, and 1. 025 grams taken for analysis. This gave r esults as follows: 

Per cen t. 
Cr,O

3 
_ _ __ _ • • • ____ _ _ _ ___ _ • _ _ • _ _ __ _ ___ _ __ _ • _ __ _ • • __ _ _ • _ 65. 49 

FeO __ .. ______ ____ . __ _ . ____ . __ ____ . ___ _____ ______ . _ _ _ 33. 00 
MgO .. __________________ ______ ___ . ____ ___ ____ . ___ _ . _ 0. 40 
SiO, _ . ___ . __ _______ . _____ . __ ___ _____ . _. _____ _ .. . _. _. _ 0. 50 

It is a fair assumption that the magnesia and silica here shown 
belong to included olivine. 

A fresh sample, weighing 2.05 grams, yielded 0.028 per cent of 
chlorine, equivalent to 0.05 per cent of lawrencite. No traces of tin, 
platinum, or manganese could be detected. 

Specific g ravity determinations made on masses weighing from 117. 5 
to 139.35 grams, were found to vary from 3.95 to 4.2. The iron, it 
should be noted, was quite active, taking quickly a coating of metallic 
copper ·when treated to a solution of copper sulphate. 

I can but feel tbat a great deal of importance may be attached to the 
peculiar structural features shown by this meteorite and the associa­
tion of the metallic constituents. These latter have been plainly intro­
duced since the first consolidation, and subsequent to the shattering of 
the olivines. They occupy the position of a bindin.g constituent in a 
siliceous breccia. 

The source of the metallic constituents of meteorites has long been 
a matter of speculation , though it bas been suggested by various 
authorities that it might r esult from tbe reduction of an iron-rich 
silicate. Tbere is nothing in the present case to suggest any such 
origin, and it would seem to the writer much more probable tbat it 
should come from the lawrencite and troilite. That a portion of it 
thus r esulted, is, it seems to mB, extremely probable, from the con­
ditions shown in Plate LV, above noted, in which we have the acicular 

:1 
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form~ starting from the metallic border ,; at th e right and extending 
inward into the spongy ru asc; of the inter ior. The appearanre in 
ernry wa~' c;uggests the beginning,-; of crysta lli,mtion, which haYe been 
in terrupted by changed cond itions. If I arn r ig-ht in th is, the Admire 
meteorite, ,t8 it wi ll be known, is by far one of th e most important 
and iD teresti ng of r ecent findc; . 

This find adds one more to the long J ist of meteorites for which 
Kansas is beco ming noted, making ele,·en thuc; far repo rted . Atten­
tion has been call ed to this remarkable co ndition of affa irs by Preston, 
from whose paper ' the follow ing tab le i,., taken, with the addition of 
the Admire fall here described : 

Tonganoxie, Lea ,·ell\rorth County .. . . . ... . . . ... . .... . ...... .. . ..... kilos . . 
B renham, Kio,rn County . .. . ..... . . . . ..... ........ _ ........ . .. .. ... kilos . . 
Farmington, 1Vashington County ................................... kilo~ . . 
Otta\ra, Franklin Connty .. .. ... ... ...... ...... ........ ............ gram~ .. 
Waconda, ~iitch ell County .. . ......... . . . ....... .. . .. . . ... ......... kil oH .. 
Oakley, Logan Coun ty ............ .. ................................ do .. . 
Ness County ........... .. ...... ................ . .... . ........ .... ... do .. . 
Kan sacla (l\'ess County ) ........ ........................... .. ........ do . . . 
J erome, GoYe County .. ..... ............... ........ .... ............. do .. . 
Prairie Dog Creek, Decatur Coun t\' ........ .. . . . . .... ... ..... .... ..... do . . . 
Long Lsland, Ph illi ps Cou nty ..... ..... ...... ... ... .................. do .. . 
Admire, Lyon County .. ..... ..... .......... .. .... . .................. do . . . 

11. 5 
900.0 

8·1. 0 
876.0 

26. 0 
2, .9 
10.9 
9.2 

31..J. 
:2. 9 

534.6 
no 

In order to bring out more plainly the striking features of the case, 
I append hereto a map of the r egion , on which the positious of the 
Y:tr ious falls are approximately noted. (P late LVI). 

The Kansada stone should p robably be co nsidered a par t of the :Ness 
County fall. The amount of the Ness County materia l, as gfren by 
Pres ton, has been very co n,;iderably increased, the U nited States 
Nntional ~Iuc;eum alone haYi ng eleven sto nes, weighing· altogether 
2,0-:1:-:1: g nims. 

It is possible, indeed probable, that thi c; condition 0£ [dlairs is not 
so remarkable or anomalous as may at fir c; t appear, since, as is well 
known, Kansas it; a co untry but little forested, in whi ch the surface 
rocks, so far ac; exposed, arc of a calcareo u8 or sandy nature, and in 
which the drift is, as a whole, i; rnall and inconspicuous. Henre, in 
plowing, any un usmil bowlder turn ed up would naturally exci te the 
interest of the inhabitants. More than this, the prices wh ich dealers 
ha,·e been willing to pfLJ for the material c; baye naturally excited the 
in terest of the agriculturists, who, havin g their wi ts sbarpened, are 
continually on the lookout for new rnateri rils. It is safo to ,;ay that the 
same number of falb might have occun ed in other States, and , under 
less fa vorable co nditions, the materials been entil'ely o,·erlooked . 

1 Am. Jour. Science, IX, June, 1900, pp. 410-412. 

,j 

I 

:--o. 1'.273. .:1 NETV JIETEORITE F'HOJI 1,.ANSA S-NERRILL. 

E XPLA~ATIO~ OE' PLATES. 

I'LA'l'E L. 

Fig. l . The 5,-!60•gram mass, as fo und . 
2. The 6,725•grarn mass, as found. 

PLATE LI. 

913 

The 2,048-gram mass, cut in h alyes. Size of faces shown, about 10 by ll cm . 
The enlarged area sho1n1 in Plate L V appears at a spot just above and to the right 
of fhe center in fig. l. In fi g. 2, just to the left of center, are shown lik e areas 
consisting exteriorly of metallic iron ,,·ith inte riorly the spongy iron and lawrencite. 
This last shows the interior, more compact, cent ra l portion mentioned on page 90Q. 

P L.\TE LIi. 

Slice, sligh tly re<luced , from the 6,725•gram n,a~s shown in fig. 2 of Pl ate L. Th e 
dark areas are oli\'ine; the ll'hite, the metallic po rti ons. 

J' J.A T E LI If. 

Photo1sraphic enlargement of about three diameter, . Th e dark areas are in all 
ca~es oli ,·ine; the " ·hite (1) , nickel•iron ; (2), sch reibersite ; and (il ), troil ite. 

In fig.] a largefracturecl oli\'ine issh O\rn in t he lo1,·ercenter, with nickel·iron ( 1 ) 
aboYe, ,rhich extends clo wn ward in to th e fracture for a d istance of about 1 mil Ii• 
meter, ll'he re it stops abru ptly , th e rema inder of the fractu re being occupi ed li_v 
schreibe rsite (2 ) . ln fig. 3 the scbreibe rsi te ( 2) is shown both in granular fo rm and 
as a thin plate lying bet \\'een the troi li te (0) and nickel.i ron (1). 

P L .\T I•: I.I 1· . 

Photomicrographs of thin sections enlaq:red a bout ten diameters. Th e ro lorl e~~ 
areas (1) are oli,·ine; the 11·hite lin es (2), ,ch reibersite; the dark a reas (3), bo rd e red 
by schreibersite (2), are troilite. The ot her da rk, near ly black areas, not numbered , 
are secondary iron-oxides. · 

PLATE 1. , ·. 

Photographic enl argement of about fi ye d iameters. T he rlark outer area~ are oli• 
vine; th e ,rhite (J ), nickel•i ron. T he da rk meas (3) ,r ith in the ni cke l- iron a re spongy 
aggregates of iron, lmrreneite, or troi li te. Extend ing outwanl from th e meta ll ic por• 
tions and into the spongy mass are acicula r crysta ls of n ickel•i ron ( .J. ). Bet11·een t he 
nickel.iron (1) and the spcmg_v areas is common ly a t h in p late of ~e hreihersite (2), 
ll'hich can not, in the illustration, l.Je differentiated from the nickcl•iron. 

PLATE J, \' 1. 

Oiilline county 1JWJJ of I,ansas, showing som·1·1•., 11/' tl,P mrio,.ls meteorite .finds rmd .fal/8. 

Fig. 1. Tonganox ie, Leaven \\'or th Conn t_v ( iron ) ... .. . . . . . . . .. . . . .. .. ki lo, . . 
2. Brenham, Kiowa County (pall a, ite-) . ...... .. . . . . ... . . . .. .. . . cl o ... . 
3. Farmington, ,vash ington Uo nnt_,· ("tone ) ... ... . .. .... . . . ..... d rJ. .. . 
4. OUawa, Frankli n County (s to ,w ) . . . . . .. . . .. ... ... ... . . . . . .. grn n,, . . 
5. 1Vaeonda, Mitch ell County (sto:1 e) .... .... ...... .. .. ........ k il o, .. 
6. Oak ley, Loga n Cou nty (stone) ...... .. .. .. .. .... .. .. .. .. : .. .. do .. .. 
~ {Ness County (stone) .. .. .... .... . ......... ... . ..... . ........ d o . . . . 
'· Kansada, Ne~s Uounty (s tone) ..... . .. . ..... .. ...... ... ... ... <l o .. .. 
8. J e rome, Gove Co unt~, (stone) .. ...... ...... .. ...... .. .. .. .. . do .. .. 
9. Prairi e Doi-! Creek, Deeatur County (stone) . . ... . . . . . .. .. ..... do ... . 

10. Long I sland , Ph illi ps County (stone) . . . ... .. . . ... ... . .. . . .. . clo .. . . 
11. Admire, Lyon County (pallasi te) .. . .. . .. . .. . .. .... . .. . . ... . . do . . . . 

11. 5 
900. 0 
HO 

876.0 
20. o 
27.9 
JO. H 
9.2 

g1, + 
2. 9 

5:1-1 . 6 
:22 . 0 

The area of t he State is gi ,·en as 81,318 miles, thP a,·erage length being 400 m iles 
and the a,·erage wi dth 200 m iles. 

P roc . .N. M. vo l. xxiv-01--58 
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