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THNTRODICTTON
Statemenf of Problem

This investipation is but part of a long term project undertaken by Lr. D.
G. Brookins and the Department of Geologzy to investigate fully the nature of
the six kmown kimberlites in Riley County, Kansas, and to thercfore lcarn rore
about the earth's upper mantle and the mechanism (s) of kimberlite emplacement.

The Leonardville kimborlite was chosen for investigation because it has
been subject to very little prior work. It is hoped that this work will be a
worthwhile addition to the Departmenti5 Progran.

Of necessity this thesis is limitéd, but the author hopes thal this work
can lead to more sigmificant contributions.

Geologic Setting

ma

The Leonardville kimperlite is one of six kimberlites in Riley County,
Kansés. PMive crop out in the usper Clase Group, Gearyan Stage, Lower Permian
Series of the Permian System which consists of beds of shale, carbonate rocks
and a few sandstones. The Leonardville kimberlite crops out in the infield
Limestone, which is the uppermost formation of the Clase Group, at SZE if0re
Sec. 22, 185, R5E. The outerop forms a slight topogra-hic high of about five
feet on the flank of a long, gently sloping hill with a relief of no-pore than
40 feet (Fig. 1). The outcroﬁ area is roughly oval, having axes of 100 feet
and 60 feet.

The min structural feature, to which the kimberlites of Riley County my
be related, is the Abilene Anticline (see Fig, 2). The mgnetic trends of the

kimberlites, although somewhat different from one another, are all approximtely

perpendicular to the axis of this anticline. The »nrobability of this being a






SXPLANATION OF FIGURE 1

sranhic and magnetic contour map of the Leonardville

Tono

kimberlite site (modified from Cook, 1955},
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EXPLAVATION OF FIGURE 2

2p of Riley County, Kansas showing the location of

structure (Shenkel, 1959), and igneous intrusions.

1, Bela Inbrusion “ 4e TRondolph o, 1 Intrusion
2. Ieonardville Intrusion 5, Randolph No., 2 Intrusion

3¢ Stockdale Inmtrusion
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randon event 1z wanlilely and therefore a relatvionship bobtween the kimberlites

A
4

and the Abileane JAnticline iz ascunmed.
Jhysiozvachically Riley County is in the northemm-nost portion of the

Flint I111s Uzland, Osage Plains of the Central Lovland diviszion (Tennerax,

Irevious Vorlk

i

The discovery actes of the Stoclidale and Tala kimberlitec are not kmown
but their existence has been kmown for at least 100 years. Ibore and Tajmes
(1820), in a disenssion of basie igneous oubterops in Xancas, nontioned that in

LR S I |

15%1 the Bala kimberlite had been mined in an attemmt to recover cooper. fn
oral uaner wac read before tie Xansas dcadermy of Delence concerninz the ”bﬁsic
imicous rocks' of Xangas br Sperry (1929). Tolmen and Iender (1639) cite A. B
Snerrvts discovery of the Leonardville kimberlite in 1935, Jewett (1S41) smave
the location and a brief descrintion of three of the six kimberlites in Riley
County, DIreyer (1947) presented a magnetic and structural study of the Zala
kimberlite. In 1955 Cook published a magnetic study of five of the kimberlites
and concluded that they versist at depth and that they all are vertical or
steenly dipping to the southeast. Byrne, Parish and Crumpton (1956) sumuarized

he locations and the deseriptions of five of the kimberlites. Shenkel (1959)
discuassed the geeology of the Ablilene Anticline.

Tastwood and Brookins (1S65) provosed a possible maximum injection temper-

ature of ACC™ To 55000 and o sequence of nineral crystellization {or the Stockdale

and Sala lkimberlites hased unon a spectrochenical investigation. They also
g - o~

concluded that both kimberiites were differentiated from a parent magra and from

w2
- -

cach other and that both acted as closed systens. Iater work by Zrookins (1S69b)

R o ey s ° o o 5 :
reviged the temperature of injection down to 757 to 150 ¢, Zosa and Erookins
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{1963) investigated the mineralozy of the Stockdale kimberlite by petrograzhic

and s-ray dilfraction methods, Drookins (196Sb) presented K-Ar dates om nhlog-
ovite Trom the Stockdale and Leonardville kimberlites., Dyer and Zrookinz (1949)
presented a preliminary discussion oft the mineralogy and petrography of the
Leonardville kimberlite, Drookins (1967a) also studied the strontium geochen
istry of the Znla and the two landolph kimberlites, and swwmrized the gencral
features of five of the kimverlites (1S47b). A hizh chromium nyrope (7.907%
Cr203) from Stockdale reported by Bagrowski (1941) was re-cramined by 2rookins
(1¢67¢) and was found to contain 2,77} Cr20 .

A sixth kimberlite haos been discovered by drilling the inkler Crater in
northern Riley County. Brookins (1570) has begun prelininary investigation
of the kimberlite and the meager data collected thus far indicate that the
rock is very similar to the Stockdale ana Leonardville klmoerlltes.

Tnpublished work resarding the kimberlites and related geologic features
is largely confined to thesis investigations at Zonsas State Tniversity.
Yeff (1949) studied the joint patterns in Riley Cownty. Taylor (1950) investie
gated the structural relations of the kimberlites relative to the ibilene
indieline and suzgested a north-south trending strike-slip fault in the base-
nent complex with associated "“gash fracturest through which the kinmberlites
yere intruded., Helson (1952), in his study of the basement cozplex of Riley
and iarshall Counties, related the kimberlites to the joint pattern in Riley
County. Bridze (1953) nresented a petrographic and netrologic study of the
Riley County iimberlites. He concluded, based on "most of the samples® coxzing
frorm the Stockdale kimberlite, that they were originally pyroxzenites or pyroxenite
diflerentintes of a gabbroic magma. Twther, BDridge felt that oerﬁuutlﬁlzatIOH
bezan Helore emplacenent and was due to invernal water which also acied as a

b

woricont during euclacement. Dowell (1954) compiled a mmznetic survey of five



of the kimberlites and confirmed the findings of Cook (1955). Iostwood (1945)
mude a opecurochemical investipgation of the Bala and Stockdale kimberlites.

noma (1956) studicd tho mineralopy and petrosenesis of the Stockdale kimberlite.
vieDermiott (L. 3. Thesis in progress...) is working on the petrography and

mineralogzr of the Nandolph kimborlites.

Kimberlites

Kimberlites are interesting rocks from several points of view: (1) econon-
ically they can be rather valuable as they and some of their ulirabasic inclus-
ions are the only lmown primary source of terrestial diamond, (2) they are
axbrenely rare rocks, and (3) their origin and emplacement histories are poorly
understood.
nitial inverest in kimberlite stenmed frém thne discovery of diamends in
the Soutn Africon occurrences., The name kimberlite was token Trom the Himberly
nine vhere the diamonds were initially discovered. The type specimen was des-
cribed by Lewis (1537) as a diamondiferous mica peridotite. Iost workers today
no longer require diamond as a necessary constituent before a rock is termed
a kirberlite because several other types of rocks are chemically and petrolog-
ically similor, A kimberlite then, may be defined as a partially or wholly
scrpentinized and/or carbonated mica-peridotite, with or without sarnet,
convaining inclusions of country rocks and sometimes ultramafic rocks czuch as
eclogive and pyroxenive,

dmberlites are classed as (1) massive kimberlité, (2) intrusive kimberlite

breceia, and (3) kimberlite tuff or tuff Breccia, Iassive

)

inberlite, containing
few or no ineclusions, consists of a "basaliic" type with a doninance of olivine
or serventized olivine, or a "micacepus" wvariety in which mica forms moxre than
five wercent of the mineral grains. trusive kimberlite breccilas consist of

from 20 to G0 percent inclusions that are country rocks or kimberlite Ifraguents.

£
5t
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The inclusions are enclosed in a massive kimberlite matriz. Kimberlite tuff,
or tulf breccia contains more thon 60 percent inclusions, lacking a matris,
thiat are cemented by hydrotherml mincrals (Dawson, 1967).

Yony petrologists believe that the ultramafic inclusions in kimberlite are
from upper mantle or are early melting fracvionations of a garnei-peridotite.
{Otilara and Yoder, 1967). An alternative hypothesis, although not popular, is
that the uwltramfic inelusions are derived {rom metamorphic terrains deep within
the crust (Uavidson, 1967). |

Aside {rom containing diamonds, the chemistiry of kimberlitea seis Lhen

pard irom other rocks. One major feature is the degree of silica undersatur-

I

+
o

]

ion. 4 resonable figure for the world average of kimberlites mizht well be
30 percent SiO2 (see table 1 for some comrarisons). For a rock of such low
silica content, kimberlites have anomalously high amounts of Ti, 4Al, Ca, X, 2,

'3

3, CO, and fixed water. They also lve a low Mz/Fe ratio but high ¥/ia and

+ +2 . . A 4 5 - -
e 3/Fa ratios, Li, B, 3¢, ¥, Ou, &, Bb, Sr, ¥, Zr, Cs, Kb, Ba, Ia, Ta and
“b ocowr in amounts generally higher than other low silica igneous rocks.

paly (1933, p. 378) estimted that "the total volume of kmown kimberlite is

!.‘._I

ess than that of a granite stock of moderate size'. Ilo doubt that estimale
nzs been doubled or tripled since 1933, particularly since the Russizns have
been vigoriously exploring for a donesbtic dianond. Thelr efforts lave worn
fruit. As of 1904, hundreds of kimberlite dikes and plpes had been discovered
throughout the Siberian platform, enabling the Russians to account for about
an eighth of the total world production of diamonds (Davidson, 1967).

Of the origin and ermlacenent of kimberlite there is little agreement
anong kimberlite devotees, OUOpinions regarding origin range from primary kimber-
lite marmos To complex mixtures of kimberlite with other pre-existing rocis.

The several hypotisses concerning emplacement show somewhat more agreement. Iv
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is gencrally sgreed that an initvial stase involves an exmlozive whace {mma
charged magmr), followed by a slow to rapid wpwelling of a well lubricated
crystal mush" alon; zones of wealmess, abradinz and rounding minera.l zraing
and inclusions. Ilack of pyrocc amormhisn of wall rocks suzzest low {200-300°C)
invrusion vemperatures, (Da.'.rsm, 1957; crookins, 1969b).

vawson (1587) advocates that kimberlite rock is formed by assimilation of
granite by a Hs0-rich ankeritic carbonatite magm. This hysotaesis gdes a long
way o explain the unusual chemistry of kimberlites but Lawson does not present
any discussions regarding the origin of the carbonatite mgm.

Q'liara and Yoder (1907) concluded that kimberlite groundmass is a late
stage accunalate formed by martial meliting and successive Zractionation of a
mrnet peridotite., Rickwood, et al (1958 ) have adopted the same conclucion.

Some netrologists regard kimberlite groundmass as sirongly altercd melilite
basalt (Heinricn, 1966). However, recent work (Yoder, 1$68, p. 476) restricts
Tolivine melilite 'basalt' to depths egulwvalent to thoge within the continental
crust in the nresence of an excess of water [[and therefore’] casts some doubb
on i concent that the mgmatic portion of kimberlite is hydrothermally altered
meililite hasalt magm'.

iimberlives generally occur as diatremes and dikes and infrequently as silils,
An ersruded variety tverned meimechiite has heen described from Zussia. The éiae
trenes are geaerally round to irregular in plan and »ipe like (narrowing at
depth) in three dimensions (Jawson, 1967).

There also apvears to be a genetic reliationship between kimberlites and
carbonotites. Dawson (1504) stated that a comnlete fr“ﬂaahch from kinberlite

s

To ainoiuc Lo carbonative exisis. Sirontiwa isotopic studies (Crooiins, 19072

o T N |

indlcate nrirory carbonatitic caleite in at least three of the Iiley County

ri‘—’

oy 39 i g
winberlites. The low Sr”'/r™” ratios o7 0.7033 for the "ore~emnlacement veins!



in the "ala kimberlite and 0.7043 for vein carbonate fron Leonrdville (tais
work) are very close to the average of 0.7032 for 32 carbonatites resoried by

Pogell (1565).
riites are covarently related to deep seated tectonie activity and
are cemerally within the stable continental nlatforms, ceptions are the
kimberlites of alaiva and Borneo which lie within orogenic belis,

Table 1 shows a chemical comparison of kimberlites with other izneous rocks.



Table 1.

Coparison {(wt. percent) of Himberlites With Other Igneouc Zocks

Ailey Co.

Kinmberlites Ultrabasic Basic Intermediate Syenite
22,61 40.6 51.3 55.6 62,2
1.01 0.05 L.5 1.3 0.53
3.03 0.35 16.5 16.7 1646
.35 12.6 10.9 7s5 L7
0.19 0.19 0.26 0.15 0.12
2258 L2.9 Ted 3.6 0.96
16,06 1.0 et 6.5 2.5
0.16 0.04 C.99 28 5e4
0.24 0.77 2.6 Lol Sedy
9e43 - - - -
10.66 0.04 0.04 c.07 -
Lyl 0.04 _0.32 _0.36 1.2
101.24 99.08 101.21 93.63 100.26
2e 43 3.4 0e5 Ced 0.15
0,60 0.05 O.45 0.76 Lok

All data except Riley Co. Ximberiites from IDawson (1967)
Riley Co. Ximberlites from Brookins (in press)
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Thae outerop is wexturally and mineralogilcally homogeneous at the curlzce,

™

¥ ck whilelh apooared to

s
i
[@]
,,.

ghriyies were baken Tron 12

be obviously weathere

to 36 ineches bencath the surfoece. L total of

d Was roieved and

Live hundred pounds of matericl wuas taken. OFf that asprosdrztely one hamcred
Tounas was eruched and sieved. The crusied rock whien passed thie 120 noon

AE pdoron) wleve and was yetained on

the 200 wesi

Praction viviel uag used for minecral rocevery, JAooronimnielr ter uoungs of
smiple wos obtained. The fractions which were larger werc unsuitabls for

minercsl separation beecause of the large

smallier vhan 74

am

amount of rock fragrsents. The mierial

microns did not lend itself well to heavy liguid separ~tion

techniagues.
Sampie Separation and Purilfication
The ter pownd samdle was washed with distilled water to remove rock dust
and air dricd., iaznebite was renoved by use of a hand mgnet, and was Duwriher
aceantrated by succescive washings and ragned treatnents wntil esgentwally

mocnotive was obtained.

ars

the non-magnetic mterial was separated into two Iractlons

bromoform. The densl

density cubhes.

The lisht froction (deasity < 2.35)

Sroverorn, Gried

-

further treatment for x-ray analysis.
001 i7 ECL for 24 hours, filtered, dried
ucu' iy e L QL L Yy Liu i 3

s v <o
Cuidelen ) b e

vy of the bromoform

was vashed with

and semrated into wo aliguois.

br the use of

(2.85) was continually chscked with

ethanol to renove the

One aliquot was used withoud

The other froction wos sonked in cold

and the residus retained

Lo I e
for =y



Une fraction with density greoter than 2.85 wac sinilarly treoted and
separated into two froctions ucing a frantz Isodynamic separator. The tuo
frocvions obuaincd were ilmenitc-rich and a group of wnidentified heawvy ninerzlis
wihiclh could not e further semrated by use of the frantz separator. in atternt
to separate tivic last fraction by the use of methylene iodide (D = 32.33) failed
becausc the eatire fraction sanlk, lagnetite, cerpentine, i1lnmenite, heavy nin-
erals and nica, whichware hond picled, wére prepared for analysis. In adcition,

about three srams of garnmet which had been hand picked from the ccarce, cruzhed

L]

Traction of the vhole rock were preoparced for analysis. The hond picked garnets

were semarated into purnle and orange-yellow groups.

Rlefractive Index lMeasurenents

The purnle and orange-yellow fractions of the hand-picked zarnels were
prepared for refractive index measurement. They were hand-crushed in an azate
norvar and pestle to a suitable size for neasurement, Standard‘proqedures
using a polarizing microscope with white lizht and heavy index oils were apnlied, .
Wien & matel or nmear maten of the refractive index of the minerai wit: the re-
froctive index of the oll was obtained the refractive index of the oll vas

-

immedintely measured with an Abbe refractomneter, The rcom temperature remoined

constant except for the oil on the slide which was undor the microscone. Bloss
(1951) sugpests that for every degree centigrade increase the oil decreases

»

about 0.0007 indexr units. Assuming the time any one slide spent on vhe micro=-

)

scone stagze was equal to or less than the time necessary to raise the temperature
Ex T A . = ] ] g r‘o O {) > Ly » o S a e

of the incex oil a maximum of 5 C, thin the change in the index nediun due to

tenpmerature chance myr be neglected because all determinotions were rounded off

to the third decimnl place. This was done because the index of refractioz axes

sk

of he correlation chnris used for the determination of the molor vpercent of

5]



tiie warious gornet end numbers are nHublished to only two decimal nlzces

(Deer, fowic and susomon, 1965; Srirarndas, 1957).
A-ray Diffraction

A-ray didfraction analysis was accompliched witih the use o7 a "orelco

~ T

¥-foy Diffraction Unit, i - filtered Cu Ko radiation with 2 diverging slit

"

rce, a receiving slit of 0,006 inches and an anti-scatter of one

[
(o]
o}
H
[0]
[0
.
B
o)
[}
1]

can speed was one degree per minute and the crhart speed was one-

malf inch per nminute., The generator ran at 35 kiilovolts and 13 millismms, The

detector voltage was 1.7 kilovollbs.

W,

Z-ray diffraction mtierns vere run.on the following materials; magnetile,

serpentine, gornet, lluenite, mica and the heavy mineral suite.

The sarmles were hand crushed in an agate mortar andpestle and passed

through a 74 micron sieve. All samples with the exception of the nieca were run
as randonm povder mounvs. The nica flakes which had been hand picked from the
whole rock were oriented with their cleavage planes mrallel to the surface of
. - P - S -, O 0 A -
the glass slide. liost sanmles were run from 80 to 0 26, All were run in
drolicate, some in trinlicate. The ASTH Imorganic Card File was used exclus—
- E =

ivelyr for identification and the results are tabulated in Tables 2 , 3 and 4 .
The winerals of the heavy iractlon are barite, pyrile, apatite, zircon and

T,

possibly chromitve. The nresence of zircon is suggested br id

£

cence under ultravieclet light. X-roy fluorescence established the tetal 3r of
wne whoie rock to be betueen 1000 and 1500 ppm. Iack of a projer suandard
linited whe deternization to an estimete, The indexdnz sroccdures used vere
those set Torth br Xlug and Alexander (1954) and the data are tabulated in

dpeeadis I.
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EXPIAVATION OF TABLE 2

Jhysical properties and composition of garneis.
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EYPLAIATION OF TABIE 3

Yhysical properties of magnetlite and ilmenite.



lagnetite
iametite
~ommetive
rncnevite
Iinenive
Il:menite
Ilmenite

Ilnenive

ABLE 3

a c

This work
Rosa (1966)

¥e Dermott, Randolph 71, (1%.S. Thesis

o} o Lensity aeference
8.40 R - 5.18 1
3.3739 & - - 2
8.3730 & - - 4
8.3739 } - - -4
8.396 & - 5620 5.
5.06 & .08 4439 Kl

5,050 R EVRVR - 2
5.0475 % ‘L.140 f - 3
5,009 & 14.163 & Lol i

Me Dermott, Randolph #2, (4. 3. Thesis in progress)

Deer, Howle and Zussman (1966)
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EXFLANATION OF TABLE 4

Sheet silicates with their C . dimension,
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Newlron Activation Analysis

leutron actiwtion analysis (IILL) of a whole rock mammle wag zccomplished
by wtilizine the facilities of the Lopartment of Huclear .ngineering of ¥ansas
tate University. The University has a TRIGA Mark IT Reactor plus 21l neeeccary
supnorting facilivies. Reactor 'L'.imea id comting equipnent were gracioucly rade
available to the author for this phase of the invesiization. The details of
the Konsas State University reactor and facilities nlusthe theory and develop-
ment of the AL are presenied by Bekhoff, st al (1953). A nuch more detailed
treatment of roneral vrocadures is given by Lyon (1.964).

Do Jacilitate element identification in the whole rock sanple, o standard
s rnde witl sciccted elements of lmown concentration (see fipnendix II for

elemends and concentration), The whole rock sample was weizhed, and placed in

L

o clecan poilyethyiene vial., The standard and the vhole rock sample was then

] )

olaced in the rotvary soeclmen rack of the reactor, irradiated, removed and were

]

counted seporately in a lead chielded counting cavity. The spectrometer systen
used was a Huclear Diocde model fLGC = 348 = 444, 25 cubic centimeter Cermanium,
Lithiun drifted ecrystal. The ziznal was then fed into a T ilodel 4096 ulti-

B

lysis. This systen collecis, stores, displars anc

srints out (plot, saper tape, mmgnetic tape) the gemm-ray interactions with the

Ge {Ii) scintillntion erysial. Seference spectra were run so that spectrometer

-

B! L‘:_."C.L enersies couwld be delernine

o ¥
L

Yetermination of 774 pom Ia, 19 pom Sc and 13 pom Sm was accomslished by

=5

direct comrarison of the whole rock snectira with the spectra of tne standard

aoor - -r —-m

(zee ‘ppendix II for caleculation technique). The presence of Tb, ik, In;, Ub,
“m, Je, Or, YV, i =and Co were also nosed,  Jarma ray energies and the ldentifi-

cation of the variocus isotopes, which were determined, were checked azainst the

ud

~ ~
o CL

r

other investicators (Gordou, et al, 1953; Stueber and Goles, 1907;

[V}
H

&
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Lo

Iagiin, ot al, 1966).

L.

Strontiwn Taotowic Conposition

A fresh whole rock sammle was crushed, ground and mmssed through a 200

imesh gleve., Tharee semrate aliquots were preparcd. Hach was weighed ang then

2
.

]
B
2
o
o
=)
=]
&
G
o

ICre

<

o

r dlstilled 0,1 H cold HCL for eight hours., The alizuo
wnen filtered, aried and weighed again. A rouszh estimote of tho total cartonate
content of tiie rock was then ro.de. The filirate was collected nnd concentrated
o 1

Standard procedures were used to avoid contvamination and, ez-

by evaroration,
cet where noted, polyorooylene laboratory ware was used., The strontiua was
scparatved (rom the concentrate by standard ion exechange tecanicues using Vycor
+ 1

distilled 2 ICL a5 eluant. The position of strontiun cn the coluwn wag mon-

itored by use of Sr ~ tracer. <Yne strontiun collected was evaporated to drymess

k3

eflon beolker and the residue redissolved in about wuo

led 2 N 301, The concentrate vas trancsferred wo a

milliliters of vycor distili
=illiliter vycor nicrobeaker for storaze., The same strontium extraction pro-

sdures were used on a comsosite garnet sample taken fro:x the crushed whole rock

Q

: o 8 5 _ ; y 57, .86 :
and a caleite sarmie taken from o 3 centimeter thick vein. The Sro '/ 5r - ratio
+ o
N . 37, . 86 . s N
for the whole rock is 0,709, the Sr / Sr~ of the garnet 0.705; and 0,7043 for
the vein caleite. ALl the ratios were determined on the Geolog  Depariment's

35 spectrometer by Dr. Y. Ge Brookins.
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IETROGRAIHY
land Specimen Deseripiion

The Leonardville kimberlite is a green to bluishepgreen porphyritic rock
(#iz. 3). ‘'he phenocrysts, or insets of kimberlites, are referrcd to in the
literature as inclusions, xenoliths, xenocrysts or pheénocrysts. The terminology
is not well established because of the genetic implications of the terms. For
this work, two terms will be used for all insets. Incorporated foreign material,
such as bits of country rock, will be.termed inclusions. The termn mineral grain,
with proper adjectives and modifiers, will be used to discuss all other remaining
mterial set in the groundmass,

“ost inclusions are readily recognizable as angular fragients of shale Simat
are zenerally light green and range in size from a few microns to several centi-
meters. o large (5-1C cm), rounded inclusions of what anpear to have been
izneous rock lmve been found. The original rock types can only be guessed 2t
os the inclusions are severely altersd (serpentinized). Both inclusions are
very similar to some inclusions at Stockdale (Broolkins, 1969) which he called
igneous, The remainder of the inclusions are unidentifiable parentage but are
assumed to be shale and carbonate country rock.

Tne cdominant mineral grains are light yellow-green, euhedral to anhedral
sersentine pseudomorshs of olivine and pyromene. They range in diameter from

fraction of a nillimeter to five millimeters and most convain orown and black

b

patches which the author regards as incompletely sercentinized olivine or pyrox-
ene and mgnetite, repectively.

Iica, garnet, ilmenite and magnetite form the rerainder of the mineral graiﬁs.
The mica grains are elongate ito circular, are well-rounded, range in diameter

from one to ten millimeters, and apwear to have definite orientation., The
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EXPTANATION OF FIGURE 3

rolished slab of the Leonardville kimberlite.
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garnets arce orange to purple, rounded, typically fractured, with or without
kelyppite rimsand range from one to five millimeters. Ilmenite grains are
rounded and also range from one to five millimeters. 1’hgne‘0i‘hé has two modes
of occurrsnce: in the kimberlite proper it occurs as irregular patehes and
blebs and may have some hematite associated with it. Discrete octahedra of
nagnetite are within caleite-filled veins in the rock,

The inclusions and mineral grains are set in a blue-gray aphanitic matrix
(growmdmass).

The polished slab (Fig. 3) clearly shows flow structure; the majority of
the elongate inclusions and mineral grains have their long axes trending aporox-
imately in the same direction.

Based on hand specimen study, the Leonardville kimberlite is classified as
a mediwt-grained intrusive kimberlite breccia with the minimum percentage of
inclusions for that group (Dawson, 1967).

Thin Section Description

Twelve thin sections were studied. A modal analysis was not atiempted
because of the virtually complete serpentinization of the rock (see B, Tig. 4,
for a typical view).

Inclusions

The inclusions of country rock are typically lightegreen to light-brown and
are highly serpentinized. They are very fine-grained and rany contain calcite
filled veins. Iuch serpentine is so very fine grained that it appears isotrozic
and is called serpophite (Heinrich, 1965).

The mineralogy of the country rock inclusions is obscured by the very {ine-
grained texture and degree of serpentinization.. Aside from serpophite and a

few patches of calcite the only other minerals identifiable are 5-50 micron
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EXFLANATION OF PIGURE 4

Fhotomicrogra=hs from the Leonardville kimberlite.

(A) Serrentinized olivine grain, x 15. (B) General view,
z 15, (0) Carnet grain with kelyphite rim, x 15, (D) tiea
groin with exsolved opaques, x 15. (E) General view showing

bent mica grain, x 70. (F) lMica grain with kink bands, x 70.
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onagque cubes and rhomeohedra, possibly magnetite and reddich-nrowm tranclucent
natehes, possioly hemtite, (or goethite, or limonite).

iy inclusions of country rock hove a "bleached" or lizhter coloreu ouLer
sone that grades into a darker interior. The lighter colored outer zone ranges

from & fractlon of a millineter to asz nuch as one to two millimeters, depending

upon the overall gize of the ineclusion. The inclusion boundaries are very dis-
tinet and showr 1ittle or no effect of abrasion.

Two thin secetions (LV - 2, LV - &) contain inclusions thourh® o he irmeous
Minsenono? rocks; Dboth incluslons are severely altered. 7The inclucion in LV -
2 coniains strongly pleochroic biotite (optically nezative, 2V about 5 ) set in
2 mnss commosed larcely of serposhite, OSome of the material is incommlecely
alucred and relict structures can be observed wihich are believed Lo he dus o
plaglociase twinning. If seo, it is possible that the inclusion may rave teen
a diorite. The inclusion in LV - 6 is larger and even more uuronﬂly altered;

5 ol about 50 vercent reddish-brovn material, perhaps an alteration

aroduct of nyroxene and/or amshibole. The remainder of the inclusion is largely
gerposhite and inconpletely altered materinl which may be feldsper. Thus the

ginel rock may have been a gabbro. Boih inelusions contain a number of

1led with ealeite and/or serventine minerals., The boundaries of bota

<1
W
'-h
o]
—
w
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inclusions are well cefined and rounded,

ne nogt abundant mineral groins are serpentine nseudororohs of olivine and/

or mvromene that ranze from one half to five millimeters (see A and 3, Tiz. 4.

™ the twelve thin sectiom

studied, serpentinization is so compleile that posi-

m

ication of ihe orriginal nineral 1s invossivle, Cllivine and syroxene

e rr-1 * 8 Sy PR
assumntion is bagsed on the

futon)

e
U}

are assumet Lo have been the original minerals; ©

.
i

shone of the zrains, the alteration nroducts and mode of occurrence., JAbout 10
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to 20 percent of these srains are euhedral with a shape typical of olivine ané/
or wrromence; the remainder are subhedral to anhedral. The subhedral to anhedral
itode ol occurwence of mincral grains is interpreted by many invesvizators as
owing to rounding of the original crystals d “igg the ascent of the kimberlits
{“ekcrmann, 1967; Dawson, 1902),

Jhe serpentine occurs as serpopnlite and i fibrous, chevron or "nour-
clasgt mobif (Deer, Howie and Yugcmon, 1905). lognetite oceurs as octahedrs
of 5 to 50 microng as well as irregular paiches. Iesz ecomponly, the magneviie
in digveibuted within a grain in oueh o way as to surpest tiat it lormed alons

a Jraeturc oi cleavage plane.

~Lrown material, po

A rother comron feature

is irrepular pasches of

ssibly hematite and/or incompletely aliored orig L.hl

In less severely aliercd kimberlites, in which the olivine and pyroiene can
be identified, thery {fall near the general composition Fo_ and In__ respectively

(mawson, 1967).

The mice grains are well-rounded, rony comtain exsolved magnetite (3, Tiz.
4} oné range in diameter from a fraction of a millimeter to five mililizeters.
1 few smmall wica grains have been observed which are not rownded (B, Tiz. 4.
“everel grains contain one or nore sets of kink bends (7, Fiz. 4. The nicas
are gonerally moderate to stronzly pleochroie, exhibit wndiulose extinctiion,
-;-. T .-_O ,..O\ 0 Y - T T -~ _ - L
nave snll 2V7s (7 - 57) and boith vositive and nezabive opiic sigms. © The

micas ansear to be altered biotite or nhlogopite.

The garmets range frow fractions of a millineter to as much as five =illi-
wmeters and are tynically romded and eaclosed by a kelyonitic rim (C, Tiz, 4).
Mhe Trocturcs uithin the —arnets are filled with sersentine ninerals or carton-
atcs or hothe The kelyohitie rims are liznt green to 1izav browvm 1~ color and
are siivhviiy o moderately “ﬁCDCh*OlC-
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shape and the fact that a whole rock chemieal analysis yields 0.42 nercent

‘

(“oble &), the author belicves these prains may be apatite.
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DISCHE3I0t

Gorrnrism of the Leonardville Kimberlite
vwith Other Riley County Kimberlites

Cenapenl Geolosy

ang

e poolopric seottine of the Nile (,oantf kimberlites has been noted earlier.
Yhe Jinkler kimboerlite is onmitted from The encuing discussgion boecause only Gré-
liminary data heve been revorted {Jrookins, 1970). OFf the five remaininz
inberlites, the Stockdale kimberlite is the only one which occurs as a tono-
sramic low at the bottom of a smlli siream, suggesting that it may lnve been
gxrlaced along a fault or a large joinu system. The other four ximperlites

‘

ceur as slisht to moderate tozogravhic highs. Taylor (1950) sugcests that

@]

Svockdale, Leomardville and Bala are high noints on an last-llest trending dike.
The contacts of Lecpardville and Bala are not e:posed bub those at

Stockdale and the two Handolpnh Pipes have been observed, At Stockdale, osa

(1C56) found a two to three inch indurated zone in the limestone which is in

contact with the kimberlite. lelermott (3. 3. Thesis in Drogres 5) found a

similer zone of induration at the two Randolph sives. He also found the ad’acent
linestones at Dandolph /1 to be dirning away from the kimberlite with 20-40" <ips.
The auzer noles and trench at fandoloh A2 indicate little or no disturiance of
the commtry rock. Thus it apnears tiet little or no pyrometamorshic effects

nmve becsn incurred by ohe country rocks during kinberiite emplacenent. The
urturning of the country rocks at Jandolsh 1 suggests that at least the final
erplacerent event occurred under mouerate nrecsures. tntil Leonardville is

e B

trenened or cored it can only be assumed that these sane features exist theore

. S < . - s _
The masnetic surveys by Cook {1957) and Dowell (1S$64) over the kinberlites



entaed that thelr structwre at denth is remariably sinilar,
b vine-iike stractures, narrowing ot depth, vertienl or stesply
sonvl=ciste  The myrmobtle aata indlcnted that the leonardville %

the largest at near surlace depths (Cook, 1955).
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Cook'!s mmetic anoraly zan

{M:. L) indicntes that the near surface dimenzions of the kimberlite are

1700 Uy 300 fect. The Leomaraviile magnctie mon sugyests that two cenarate
cwnds of vie Dinseriiie ore verr noar vhe supfaceg, Coult s fmlsroeeted his
ol Ao e timberlite was orlizinalliy one intrusion which no sube
gcruontly olf-set by a norvh trending fault, Cook's conclusion can only e
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Pemaion rocks. Srookiag (in press) concludes that the Jiler
LUE Founger Ghom the Lolows Croys of tae Crolcceouz Dysutn, RSt unpon o shugy
of Joint syetenis in Ailer County end in tne kinberlites themselves. 3ues 2
ane iz consiastent with ages resorted by Zartmen et gl (1997) for the Rose Done
and iiils! rond ultramafic intrusions in Yoodson Cownty, ifansas, as well as
ouzer ultramaiic intrusgives in the central United States., Howevsr, 1t must ke
sointed out thal the Joodson County locations are not kimberlite occurrences,
they ave peridotites. urther, the emplacerient of the intpusions




ocowrred o edevated wanpearatures as indieaved by ayrometonor hiom ol Lhe
contry roeks (Grooking, in press). Jith the prosent data, a relinvle erplace-

menu age conmot be delingtely ngoirmoed to the Miley GCounty kinberlites. The

ot

Into-Cretnecous ere susgested by Droolkinc (in prese) chall be adopied for the

Loonnraville lelmberlite,

strag-ngay
PR L L

1

Yhe flve Siley County kimberlites are dark to light grecn in thels overzll
anearance, vith warying amounts of inelusions and mineral grains (Fig. 3 and
AwD, Piz. 5 ). Leonardville (g, 3 Y} and Stockdale (C, Plg. 5 ) contain the
rost inelusions and mineral zroins which given then a distinctly vporphyritic,
broecisted apearance,.  DozZens of igrneous and metancoryhic inclusions, ran:
wy to 15 cenvineters in dianeter, have been recovered from Stockdale, These
inclusions Irom Stockdale include gneiss, diorite, pyroxenite, gaboro, granulite,
and eclozite (Trookins, 196%a). The two isneous inclusions at Leonzrdville are
indistinguishable from sinilar inclusions at Stockdale. The country roek inclu~
sions in Stockdale and Leomrdville are similar in size and abundance, The
mjor difference is the degrse of alteration., Stockdale, which outerops at the
bobton of an internmitient stream valley, is subjected to considerably more
water-nronoted tynes of weathering than is Leonardville,

The Tala and Jandoloh Fl kimberlites (D, &, Fig. 5 ) have fewer inclusions,
winich pives then somewhat less of a brecciated apinearance. EBoll: are re-zorted
vo convaln ifmeous, metamornhic and country rock incluslons, bui at a nueh lover

level of abundance (Srookins, 1S6%a). The autihor has collected fistesized pleces

b

ol crrstalliine carbonate rock from Bals but has notv ovserved similar inelusions
at tha obher four kimberlite sites.

fandolon 2 (B, Piz. 5 ) is the lizhtest in color of the Diley County
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EXPLAVATION OF FIGURE 5

rolished slabs of other Riley County kimberlites.
(A) nandolph #1 kimberlite. (B) Handolph ;%2 kimber

lite. (C) Stockdale kimberlite. (D) Bala kimberlite.
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kimberlites and contains the fewest nﬁznber of inclusions. leDermott (1% 2.
Thesis in nrogress) states that Randolph #2 contains "inclusions and xenoliths"
(og. 23) but does not deseribe them.

The mineral grains in Stockdale are very similar in type, morpholozy and
abundance to those found in Leonardville, but different in size. The garnet,
mica, ilmenite and magnetite are typically larger at Stockdale. Further, the
alteration of the olivine and/or pyroxene is much more extensive in Stockdale;
probably due to the greater volume of water aflfecting it,

The only r'ea.dily identifiable mineral grains in the Pala and two Landoloh
kimberlites are the altered olivines and/or.pyroxenes. GCarnet and mica rave ;
not veen found in the Randolph 72 kimberlite and are rare in Bala and ?andqlph
#l. The opaques in the Bala and two 'Rs,ndolph kimberlites are very fine—gmined
and are difficult to see with the unaided eye. The Bala kimberlite is the ex-
cention: In addition to the fine grained opadues, veins of opague mterial up
w0 2 millineters in width can be observed.

Thin section study of the five Riley Goun’o;‘;' kimberlites (see Table 5 for
nodal analysis of four kimberlites) yields one common feature: pervé.sive
serpentinization. The serpentine minerals occur in the matrix of tﬁe kimberlites,
in included country and basement rocks, and as alteration product-s of olivine
and pyroxenc. Iany serpentine pseudomorphs occur as euhedral mineral grains
but others nartially or completely lack grystal outlines. The %wo handolch
intrusions contain the greatest nuiber of euhedral pseudomornhs after olivine
and/or pyroxene, followed, in decreaéing abundance, by Bala, Stockdale and
Leonardville.

Carbomate reslacement, complete or partial, of the olivine and pyrozene
poeudomorshs is also common in the kijﬁberlitesl. The most extensive carbonate

renlocerent of the pseudomorphs occurs at the two Handoloh intrusions; and






Modal anolysis (volume percent) of Riley County ki

4

berlites. S - Rosa (1966). D=l and R=2 - lMcDermott
B - Bastwood (1965).

(4. 8, Thesis in progress).



Antirorite
Pyroxene
Olivene
Perovsikite
ragnetite
Ilmenite
Chlorite
Phlogopite
Greean ryrope
Rea Fyrope
Chrysotiie
Carbonates
avatite
ieucoxene
Biotite
Chromite
Rutile
Cuartz
Chalcedony
Silica
Hen~iinm
X Fragnents
Zircon
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(again) in decrcasing amounts at Bala, Stockdale and is rarest at leonardville.
Garbonate is ubiquitous in the matrix of the Riley County kimbsrlites, although

The amouny varies from site to site. Veins of carbonate material, ranging from
fractions of a millimeter to several centimeters, are at all of the kirberlite
sites.

The garnet grains at Stockdale are similaf torthose at Leonardaville, but
are slightly larger, with or without kélyphite rims and siipghtly more avundant.
A green pyrone, which is rare, has been described from Stockdale (fosa, 1666)
but has not been found at Leonardville. Garnets of any kind are very rarc at
Randolph /1 and Bala and are extremely rare at Randolph /2.

lica is nearly as abundant at Stockdale as at Leonardville. Asidp‘from
the Leonardville kimberlite, Stockdale is the only other location where kink
bandinz has been observed in the micas., As at Leonardville, the Stockdale
mica occurs with any or all of the following; one or more sets of kink bands,
low 2V, positive or negative optic sign, undulose extinciion, and exsolved
opaqueé. At Randolph #1 and Bala, mica occurs in very smll fragments in the
groundmass and only at trace levels. Mica has yet to be observed at Randolph
FRa

Opague minerals are abmdant in all Riley County kinberlibs, lhgnetite is
in all phases of the kimberlites (inclusions, mineral grains, matrix, small
veins) whereas ilmenite ocewrs as discrete grains up to a centimeter in masrinmm
dimension in the matrix., The larger opaque mineral grains are in Leonardville
and 3tockdale whereas Dala and the two Handolph kimberlites contain the finer-
srained opaques.

Brookins (1970) has compiled a list of over fifty minerals occurring in
the Riley County kimberlites. Tae overwhelming majority of these minerals can

be identified only by optical, x-ray and chemical methods. Notable among these
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arer apavite, barite, chromite, leucoxene, perovsikite, nhlogonite and rutile.

Gcochenistryr

lajor element analyses ars avallable for all Riley County kirberlites
excent Stockdale (Uable 6 ). Tour kimberlites are chenicnlly equivalent: ALl
glement »ercentages and element ratios are within the sane order of mgaitude
and sucgest similar parent material and emplacement histories for thé four
Limberlites., liinor chenical variaﬁioﬁs are probably insignificant, althouzn
vnstwood (1964) stated that Tala and Stockdale are differentiated with resnech
o cach other. The minor chemical variations probably reflect the mineralogical
diflerences which do exist between the different kimberlites,

One of The two major constituents of the Riley County limberlitez is
serpentine. lany investigators of the Riley County kimberlites disagree about
the composition of the serpentine polymorphs. Iastwood (1964) reporied anti-
zorite snd traces of chryotite in Bala, Rosa (1966, p. 21) reported that
Mantigorite and the other sernentine ﬁinerals are recognized in thin section e..”
iebermott (M. S. Thesis in progress) also opbtically identified antigorite and
traces of chrysotile. This investigation found the Leonardville serpentine,
based upon x-ray diffraction studies, to be composed mostly of lizardite and
small anounts of antigorite.

Sernentine minerals in the Riley County kimberlites occur in the matrix,
alisered mineral grains and in inclusions. A question whieh must be asked is,
was all the serpentine formed during a single event? IRegarding this quesiion,
teDeraott (L. S. Thesis in progress) in his study of the two landolrh kirber—
lites, believes thnt scrpentinization occurred prior to final emﬁlacement.

Af

€

er his study of Bala and Stockdale, Fastwood (1965, p. 34) concluded that
L o

1Sersentinization occurred during injection ...". Rosa (1966, p. 51) state

jal}






SFTANATION OF TABIE 6

Chemical analysis (wb. vercent) of Riley County kime
berlites. L - Leonardville, R-l - Randolph 71, R-R =

nandolph 2, B - Bala, Data from Brookins (in press).
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ion [of Stockdale] occurred before emalacenentt, Cloarly,
investisators have not addressed themselves to the quection regarding

tiac tireo modes of occurrence of the serpentine minerals., Apparently they

assumed thal serpentinization occurred during a single event., I zo, then

losa ¥25 in error because his conclusion does not account for cerpentinization

of the shole country rocks which must have been incorvorated into thc kinmberlite

during aandacoment. Thus lastwood's conclusion is martially subctantiazed,
the

t be mde to resolve the gquestion of contemcoraneity of
tine pseudomorpis and the serpentine of the matrisx.

Bowen and Tuttle (1949) stated that se srpentinization of forsterite ty

water cannot oceur above 400°C, Turner's (1908) suzgested equation of olivine,

ater reacuving to form serpentine minerals and magnetite, is con-

- 3
enstatlive anc wa

ay,

sistent with the petrologic data and vlll be adonted for this work. The author

at serpentinization of olivine and/or pyrozene in the kimberlites did

nov bezin wtil the system was well within the earth's crust as is showm by the

o
position of the 400 C isotherm (B, Fig. 6 )e

The serpenvine nminerals of the matrix offer no mormpholozical clue as to

what the original meterial may have been., Wherever their origin my be, the

aubthor believes thal the mtrix serpeniine pre-dates the sersentinizsation of

the olivine or pyroxene because the nseudomornh grain boundaries are so distinct,

Fad serzentinization of the olivine or nyroxene been sinullaneous with the ser-

ventinization of the mtrix then grain boundaries would be less distinct and

crading into and becoming the same as the irregular patches and blebs

of the mtrix serpentine, but that has nov been oovserved.

ileveoric waters may lmve influenced the sercentinisation of kimberlites

Wi

slizhtly. Brooking (in press) notes that the 150 feet of cores from Dala have

suffered the same derree of apparent alteration as the mterial which crops out.
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EXrIAFATION OF TIGURE 6

(1) ressure, depth - temperature plot for graphite -
diamond and enstatite plus spinel going to nyrone and
forstverite (modified from Boyd and lMacGregor, 1564).

(B) rossible mnile - crust configuration. (after Bord

and lacGregor, 1564).
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Carbonate minerals, (mostly calcite) are the second most abundant conetit—
uenis of the Riley County kimberlites. Traces of dolomite are in tain sections

3

fron Leonardville, but is too rare to show in the x-ray diffractozrams. Leaching

3 & B
of finely ground, fresh whole rock samples indicates that the total carbonate
mineral content of Leomardville is about 20-25 percent by weight.

Prookins (1957a) studied the strontium in the carbonate material of both

of the Handolph and Bala kimberlites and found at least two generations of

)

Pmg

- . L, 37,, 86 . , . %
caleitc. The Sr /Sr- ratio of the post-emplacement veins averages aboub

r ) i [} i Y 8’ tnl 86 . X )
0.709 and the Sr content is about 300 ppm. The Sr /3r  ratio of the country
rocks is slightly lower, at 0.708 and contains about 340 ppm Sr. The pro-

. . 87,.86 . s oy

emplacement veins, on the other hand, have Sr-'/Sr raties averaging 0.7032
and a total average 3r content of 4230 ppm. These data indicate tuo sources

Fal

of carbonate rmiterial; one, aprarently being the local counly rocks, and the

other being nrimary (carbomatitic), Thae Sr date of wre-emplacerment vein is

!

’ cer o ; " " B Y
consistent with rowell's (1966) work on carbonatites. He found Sr r7/;31'8""
ratios values of carbonatites from 0,702 to 0,705 and that of most sedinentary
carbonates to be from 0.706 to 0.713. Imnels and Schleicher (1936) foumd ih
total Sr of 277 Hastern Kansas limestones to average at 490 ppm. Gold (1963)
reparved an average of 3500 ppm Sr for carbonatites.
o ”

i o Ol GG & T S . 58

The Sr /Sr  ratio of 0,7090C for the Leomurdville whole rock agrees with
Brookins average value of 0.7086 for the post-emplacenent veins at both Fandoloh
sites and Dala. The two wvalucs fall on the mode of sedimentary values reported

by Powell (1966); Drookins (1967a) reported a Srgv/'Sr06 average ratio of 0.7031

for wen eastern Kansas limestones. 3Sased on the foregoing evidence it apjears
that nmost earbonate in the Leonmardville kimberlite is local and not primary

(carbomatitic). However, the three centineter thick carbonate vein at

9,

Leonardviile has a

el ”
8 35
2o fap

ratio of 0.7043 which f2lls within the ronse “owell



(1€58) renoried For carbonatites. 'Thus the ecarbonate vein ot iconardrille

[ 8]

prodeblyr was not derived from local limestones and may we carvonatitic.

[

e estimated vhole rock strontium value of 1000-1500 npm suzges 'ts AL

o o4
i =

two sources of corbonate exist; low total stror}‘tiwzl linestone and higr
carbonavite,

The mametite from Leonardville more closely resesmbles the ideal rmgnetite
nolecule, e’ 2Fe+3 204’, than does the magnctite from the other diley County kinz-
berlites. Deer, Howlc and Zussmon (1966) listed unit cell of 2.3 ¢4 and a
density of 5.20 for ideal mgnetite. This investigation found the mognetite
froim Leomnrdville to nve a unit eell of 8,408 and a density of 5.13, which
indicates thot it i1s vory close in comwosition to the idenl molecule, Tre .
mmetite from Stockdale has a unit cell of 3.3739 o f (I 08, lC‘Co}, and m;:em.‘ae

s

fro fandolph No. 1 revortedly has a unit cell of 2.3730 % and that Sron

.- ~-T - .Q i ML i - Fxl . . * v ol
Jandolnh Mo, 2, 3.3739 4 (esermott, 1. 8. Thesiz in srogzress). IZud lkoemwodl
also resorbs a “iyodcal sowple® (fable 5, appendix) with a wnit cell of 3.3934

o oy X

de Dased woon the sialler unit cell determination lieDermott concludes that the
wiineral is comcosed of 93.5 percent mignetite, 6.5 percent hercynite and soue
possible Cr. From this 'J.l’lJ.OI"‘"ﬂth’l MeDermott sugzests that mmgnetite is second-
ary, obtaining Al which was released during the serpeniinization of the whole

rock systenl.

lclermottls criterion for deducing that the magnetite is secondary cannov

Ve

te uced for the Leonardviile magnetite because of its aluost 100 percent ideal
corxsosition and because the author does noi believe that serpentiniza'bioh
occurred as a single event., Decause discrete magnetite crysials are in all
tihree modes of serpentine occurrences, the author assumes that magnetite formed
Curing at least two semrate events.

Ilmenite from Leonardville has smaller unit cell dimensions than those of
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the ideal wmolecule FeTiOB: a,= 5.089-ﬁ and C0 - 14.163 i (ﬂeor, Howie axd
Jussman, 1966). The smaller dinmensions of the ilmentite fronm the Leonardville
kimberlite may be indicative of the heratite molecule, FeZOB, wkich hag

aoZ 5.0305 R and Cy = 134749 i (Decr, Howie and Zussman, 1966), or of the
geikilelite melecnle, }@TiCé, waich has aj =.5.054 % and G, = is.008 & (4
card ;76-0494, inorpanic materials). Bither hemtiite and/or geikieliterwill
decreage the unit cell of ilmenite. Brookins (in press) arrived at the same
conclusion regarding ilmenite from Stockdale and the two Iandolph kimkerlites.

Leonardville and Stockdale conitain an abimdance of mica which was aralyzed
by s=ray diffraction. Rosa (1966) reported that the mica from Stockdale is
nostly chlorite, some phlogopite and traces of vermiculite, Z-ray diffraction
analysis of the Leonardville mica failed to demonstrate existence of phlogopité,
although it may have been phlogopite originally. The Leonardville mica consists
of chlorite, and traces of vermiculive, which indicates complete alteration of
the original mica.

A common Teature of many mica grains is kink banding (7, Fig. 4 ). ¥ink
banding is considered by Short (1966) to be a shock feature. lany investizators
feel that an explosive event is an integral part of lkimberlite emplacenent,
hence one can assume that the kink banding in the micas resulted froﬁ a sizilar
event at some time during the emplacement history of the Leonardville kimberlite.
Kink banding has also been described in micas from the Stockdale kimberlite
(Prockins, in press). Raleigh (1967) presented evidence that link bending in
witraiafie rocks results from high temperatures exerted during conditions of
deformation. This could also account for the kiak bands in the nicas occurring
during emplacement of the kimberlite.in a plastic state, Both types -of condit-
ions probably occurred during the histbry of the kimberlite system., Since

conditions of high pressure deforrmtion probably occurred througboutAmpst of



the system's history nothinz can be sald about the tine of kinking.‘

K=Ar dotes on micas from Leonmardville and Stockdale hove been presented
by losa (1966) and Nrookins (1969h): Rosa presented two ages 331 & SG Moo
and 142 + 20 m.y. on Stockdale micas and Brookins (in presc) presents ages
of 315 £ 20 ml.ye. and 350 & 40 m.y. for Stockdale micas, 204 = 20 m.y. age on-
mica from Leonardville and 95 & 10 m.y. on a chloritized phlogosite from the
‘inldler occurrence,

The spread of the ages, about 300 m.y., and the degrec of chloritization
of the micas does not allow any inferences to be mde regarding the time of
erystallization of the micas or kimberlites. But Brookins (19¢Sh) has used
the I-Ar data to estimte a temperature of final ermplacement of 759.150°¢C,

Garnets have been analyzed from only Leocnardville and Stockdale, TFron
his data, Rosa (1955) conecluded that the red garnet from Stockdale is 75 ner-
cent pyrope and 25 percent almandine - andradite and that the green éarnet is
73 percent pyrope and 27 percent almandine - andradite, reling the Stockdale
garnets among the higheat in pyrope content known. The Stockdale garnet aral-
yzed for its chromium content (Brookins, 1957¢) corresponds vo chromium contents
of garnets from Pasutoland kimberlites (MNixon, et 21, 1903). Brookins' corrected

analysis of 2.77 percent Cr.0_ (Ragrowski, 1941 had revorted 7.90 percent Cr_0_)

23 ‘ 23
is verr similar to the analysis reported by Nixon. Further it is consistent
with Fixon's reported value of 1,747 for the index of refraction of thé carnets
and irdicates that no uvarovite is present. Rosa's (1966) plot of index of
refraction vs. unit cell for the Stockdale garnets lends further supocort to the
same conclusion., This investigation shows that the garnets from Leonardville
contain, on the average, 30 percent almandine, 20 percent grossularite, and 50

sercent pyrore. The least amount of pyrope is 45 percent in the murrle zarmets
s i = < s p k-, 2 &

and the highest is 53 percent in the orange-yellow garnets. The variation in
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color, composition and structural dimensions suggest that the garnets fron otih
kimberlites did not crystallize at the same time but continucusly Guring the
early nistory of the systen.

Tlnt the parnets in the Leomordvillc and Stockdale kimterlites are not

uhedral but are rounded and fracturcd also suggests that they were formed
before emplacewent, undergoing rounding and fracturing during emplacement of
the kimberlite,

Boyd and acGrogor (1963) and others indicate that parnet is a hirh pressc—
ure-hizh temperature mineral. Phase equilibra data (see A, Tig. 6 ) indicate
that the ninimun temperature of formation of pyrope-rich garnet is about 45 %0 -

0]
500 C and 10 - 15 kilobars pressure. These condiitions correspond to 2 depth of
aporoximnvely 40 - 50 kilometers.
\ o o0 . Pin - EW s A

The Sr  /Sr- ratio of 0.7076 obtained from garnet from Leonardville, if

real, indicates that the garnet was not derived from the mantle, Hurler (1967}

: . I & : 87 /0,86 ; -

oresented evidence that present mantle- Sr°//Sr®° ratios should range from 0,702

. ™~ £ - - - £ L} - L - - 87 - 36 -

%0 0.704s If the Leonardville garnet is mantle derived then its Sr /Sr  ratio

N - 87,86 .. -

has been cliered. 3Brookins (in nress) obtained a Sr /Sr  ratio of 0.7186 for
86 .. §

a pyrope fron Stockdale and, assuning an initial Sr /ur ratio of 0.702, he

calculated an age of 745 % 100 m.y. The age is well in excess of the proposed

age of erplacement of the Riley County kimberlites and probably reflects trapped

P

87 v aes . ' . — :
rb ', which occurred during the garnet crystallization or loss of daugater pro-
87
uet 3r by thermal diffusion prior to emplacenment,

Perovskite hos been identified at 3tockdale and the two Handolph kimberlites

but not at Dala (Table 5 ). Its presence could not be definitely established at

&

-

Leonardville, although the author beliesves it to be present as opaque to slight
translucent, one to ten micron cubes and rhombohedra in the kimberlite mitrix

Amatite hos not been identified at Stockdale or Bala but hos been at the



wwo lmndolph locations {fadle 5 ). The author believesz it to Lo zrasont ot

- -

Leonardville and the analyses in Table §  suggest that it probably occurs at

Zalo.
The taritc identified in the heavy mineral fraction (Leonardéviile only)
is rataer uncommon for ultramafic rocks, but not so for ecarbonatites., ileinrich

N

(1956) reported harite to be cormon and my even be essential in earbonatities.
Thus farther supnost is L,a.ln d for the carbonatitic sowrce Tor sonme of the
carbonate in the Riley County kimberlites. The susport is tenuous however, ac
tarite 1s a cormon vein or cavity filler in limestone, sandsione and shele
(Jccr, Howle and “ussinn, 1966). Darite has not been reported from the other
Ailey County kimperiilics.

In swwmary, all rive Riley County kimberlites were emplaced approximately
at tihe same time, wader similar conditions and were derived from a conrmon
sourec. The minor wvariations in the whole rock chemiztry and the different

textures and mineralogics probably reflect each kimberlitels unique emmlacenent

b e

ryt

alstory alter separation from the common rarent. 1L genebic relationshin my
exizt betucen the Hiley County kimberlites and carbonatites.
Commarison of filey County Ximberiites
With Other Kimberliites in the .jorld
Himberlites are distributed throughout the world on all the major contin-
ents except datarctica. ITo doubt, in time, they shall be discovered there as
well, In llorth America they are in Quebee and Ontario in Capada, n the
inilted States they occur, in addition to Xonsas, in ew York, rennsylvania,
irginiz, Hentucky, Tennessee, Illinois, lissouri, iArkensas, drisora, Utah
and Ilew Hewico.  Ilsewhere they arc in Draszil, Australia, the Salomon Islands,

Borneo, India, lussia, Czechoslovelkis, Morway and Sweden. On the African con-

vineat they are in Ylest Afriea, Angola, the Congo, Tanzania, Rhodesia, South
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Africa, JSouth lest Afrien and Dasutoland,

The Iiley Counvy kimberlites are considered to he typicol when comparcd
with kimberlites occurring elsewhero in the world, Althoupn their cize (70luze)
a;pears to e snller than the average, their fuwmel slape, narrowing at depih
(diatrewo), is very typical. The manner of emplacement of the itilery County

kimberlites is also similar to many kimberlites. They have becen criplaced alonz
sones of wealmess, In Kansas the zonés of wealmess are well defined joint
patterns which accownt for the definite orientation of the mgnetic trends of
the leimberlites. IZlsewhere in the world the diatremes are typically associated
with dikes, sometimes grading into them (Jawson, 1957). Kimberlite dilkes have
not been observed in Riley County. Another common, possibly essential, feature
of kimserlites including those in Riley County is the absence of pyr.ometamorphlc
effecis on the country rocks. The low temperature of emplacement is dramatically

sreted at several localities throughout the world. Iotable are sone of

l,_l
[
B
o
mf-
c

the Afriecan kinmberlites described by Wilidians (1932) in his classic work on the
genesis of diamonds. He noted that ineluded logs, coal and oil bearing sinles
were essentially wnaltered, which suggests a temperature of emplocement con-

e aan . . . ) o) .
sistent with Brookins (in press) estimate of 75 =150 C for the Riley County

Table 7 lists major chemical element analyses for many kirberlites frox
various localities. ith the possible exception of kirberlite tuff fron Buell
Park, Arizona, the remainder may be considered as chemically eoguivalent. i’mor
variations cdo exist but they probably reflect local differences in emplacenmeant
conditions and histories for each kimberlite or group of kirberlites,  The con-
centrations of Ia and e determined from the Leonnrdville kimberiite are strilk-

ingly similar to those reported by Dawson (1967) for African and Russian kinber-

lites. Tre Leonardville kimberlite contains 774 ppm Iz, 19 pom Sc and 13 ppn
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SXFLAKATION OF TABLE 7

henical coimarison (wi. percent) of average Kansas kime
berlite with average kimberlites from Canada, Russia and
Afrieca. Xonsas kirberlites, Brookins (in press). Canadian

Irimberlites, Vatson (1S67b). Russian kimberlites, Davidson

(1967a). African lkimberlites, Dawson (1967z2).
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Sm, whereas Dawson {1967) rcportedan average of 370 ppm Ia and 25 wnm Cc for

14 Tasutoland kimberlites, Stueber, et al, (1967) reported an average of 14

ppr Sc for three African kimberlites and Haskin, et al, (1966) reporicd 3.0

-
/

pm S for an average of three different African pipes. 3everal dozen Zaxuvia

i

!

iwimberlites are reported to contaln 10 ppm Se, and 1140 ppm Sr; the latter is
comparable to the 1000-1500 ppn Sr estimate for Leonardville.

The petrogranhy and mineralogzy of the Riley County kimberlites nave been
described earlier., The Riley County kimberlites ars almost identiecal to the
typical kimberlite based on petrographic descriptions given by Lewson (15¢7).
Sinilarities include the kimberlites' mineralogy, texture, mairix and ﬁhe nature
and variety of inclusions. The major difference between the Riley County kime
berlites and some kimberlites in the world is that, to date, diamonds have not.
vet been found in the former., The second and third major differences are that
Riley County kirberlites are extremely silica deficient, somewhal below the
world average, and they are virtually comsletely serpentinized whereas others
are only zartiaily so.

A study of the ages of the kimberlites of the world reveals that most of
them fall within specific time intervals (Dawson, 1967): 2100 to 23C0, 1150,
700, and 30 to 100 m.y. ages are suggested based upon a study of icimterlite
activity in Vest Africa. As noted earlier, the HNiley County kimberlites appear
40 have been emplaced during the post upper lower Cretaceous ($0-100 m.7.)
£

Xenmnedy and Nordlie (1963) noite that "A startlinz mjority of kimberlite pipes,

perhans as much as S0 percent, were all emplaced in Iate Cretaceous time",

The lozs and cocal that illiams (1932) noted at the Xirberley, De Zeers and
esselion mines poses a very interestiﬁg question. IHow did these materials,
which were preswmably derived from the 1/2 mile stratigranhically higher Haroo

o,

Tormation, zet to such a low level? This fact is difficult to expiain partic-
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ularly since these materials have such a low specific gravity and the foct that
the logs and coal are mingled with high specific gravity meterials guchn a3
»eridotite, garnet and diamond which have been brought up from greot denth.
iikheyenko and Menashev (1900), in an attempt to solve this problem, have pro-
posed that kimberlites are emplaced as a cold solid behaving as a fluid under
gravitational and tectonic pressures. During the enplacencnt, they believed
that convectvion cells develop, vhereby allowing rmeterial at higher elevations
to be dragged down and, conversly, materials at lower elevation brought up.
The Riley County kimberlites are near the center of the continental

-

Tnited States and a few hundred miles south of the Canadian Shield, Their

|.._l

ocation is coincident with Dawson's (1967, pg. 251) statement "ost kimberlites
are confined vo the interlor and margins of ©the shield oa the stable pL:a.‘aforma'
of continental areas',

In swamary then; the Riiey County limberlites are indeed bonafide members
of the well established group of rocks defined as kimberlites, Their chemistry,
mineralogy, petrography, emf_ulo.cel‘:ent modes, age and tectonic seitting are cone

gistent with kirmberlites elsewhere in the world,



<
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The following statements, based on the foregoing data ond discussion, are
apnlicable.
The Leonardville kimberlite is probably the largest (volume) of the zix
imown Biley County kimberlites and contains abundant inclusions of country
rock shale. The rare igneous inclusions at Leonardville may be "tasement®
mterial, The Leonardville kimberlite is petrographically similar to the
Stockdale kimberlite and is chemiecally equivalent to the Pala and Zandolph

kimberlives.

The Leonardville kimberlite is heavily serpentinized and carbonated:

(=]

dzardite is the nredominant serpentine mineral and calcite is the most abun-
dant carbonate mineral (about 25 weight percent of the whole roclk)., iwuch of
the serpentine occurs as pseudomorphs after olivine and/or pyroxene. Eoik
orimory {carbonatitic) and secondary (sedimentary) sources of carbonate are
vresent abt Leonardville, Some of the mica grains have kink bands and all have
been completely altered to chlorite and vermiculite. The magnetite is nearly

100 percent F8304 and the garnets are composed of approximately 50 percent pyrope,
30 percent almandine and 20 percent grossularite.

The garnets formed continuously throughout the early history of the kirber-
lite at depths greater than 40-50 kilometers and were altered prior to or during

final emplacenent., Serpentinizatvion and formation of magnetite occurred durin

[i}8]

at least two different events: the earliest being at about 30 kilomelers deptn

and the latest during or close o finel emplacerent., The kimberlite was emplaced
e
4

; o - 0 o - )
at a relaotively low temmerature (75° to 150 C) as a mush-like mss. he pro-

bable Inte Cretoceous emplacement of the kimberlite was conirolied by »re-exisi-

ing joint patierns.
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SXFLANATION OF TABIE I

Y-rey data and a  calewlation for purple garnet.
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Averaro . =

11.58 &

11l.54

1187

11.53

%
(o

A
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SXPLAFATION OF TABLE IT

F=ray data and a

o calculation for orange - yellow garnet,

I



Intensivy

73
100
10
48
14
12
3
13
4
16
23
48
11

THEEE IT

_af ' n;h2+k2i12
2.50 16
2.58 20
Re 4T 22
2435 24
e 26
2.11 30
2.04 92
1,33 38
1.83. 40
1.67 43
1,60 £2
1.54 56
1.26 84,
Sun of & 's = 150.25
Average a = 11.56 &

In

4400
be b7
4eG9
400
5.10
5.43
5.66
6.16
Ga 32
6.93
7.21
7.48
-

&=l af
1.6
11.53
11,58
11,52
11.58 - -
1.56
11.55
1l.58
11-57
11.57
11,54
11.52

11,55
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DXPLAFATION OF TABLE ITT

X.rey data and a, calculation for magnetite.



TABLE III

Tatonaity & mEh ke 12 ol ey

33 2.97 8 2.83 B4
100 2453 i 532 240
12 LT ' 24 4.90 8.38
26 1.62 27 5.20 8442

26 1.62. 27 520 342

25 1.48 32 5.66 8.33

9 1,23 43 6.56 8.40

Sum of ao’s S 75.60

Averagze a, = s.0 &
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EXCTANATION OF TABLE IV

L-ray dato and a_, ¢, calculations for ilmenite.



330

TABLE IV
Tntensity al log ak - % log %
2, 3.73 0.5%2 A 0.134
100 2.7 0.438 3642 0,267
35 2454, 0,404 4eQ0 0.301
27 2+23 04348 517 0.357
24 1.86 0.270 72 0.435
47 Lo 7R 04230 8.69 0.461
11 1.62 0,210 .67 0.493
26 1.50 0,176 11,42 0.529
19 1.46  0.164 12.00 0.540
Sum of log aj's = 6.34- c = Ca,

Average log a, = 0.704

a_ = 500 A,

%¥x = 4/3 (h2+1ﬁ{+1c2)+l?'/c

#* log a = log dl+? log x

2

¢ = (2.77) (5.06)

c= 14.00 i

1o~ Fo%
e AT A

0,706
0.705
0,705
0,705
0.705
0,705 .
0.702
0.705

0.704
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LAPTANATION G UABLE V

Nmray data and dl. for gerventine compared with ASTH stand

ard d\ for lizardite.

XPTAVATION OF TABIE VI

Lerey data and dl for mica compared with ASTH standard di

for chlorite.



TABLT V

okl Intensity
oo1 100

020 206

021 10

002 55

201 43

202 b |

203 12

C&0 33

204 12

401 10

TABLE VI

il Intensity |
COL 96

Go2 100

003 95

004 g7



73



r[/"

The flux wmonitor (standard) was mde with the following elements énd Con~
cenvrations of encin: Ia- l9.3q/o¢g/ml, 5Cm- 1.2%74Lg/m1, The O.S%/u;yﬁﬂq ilo-
0,103 1 o/ml, Sme 0.925/¢ g/ml, Fu- 0.196/(, g/ml, Uy- 0.509/« g/ml, The 0.506

Y2 &/rl, Ce- 1’.’.79‘/(,(_ a/rl, Nd- 14.337u g/ml, Tb- 1.82 gfml, Lu- 043 u z/ml,
¥iaa o.ets/a ¢/ml, Zr- 201.63 b g/ml, No- 470.8/4 gfml, K= 5.663 mg/r.*.l.r One
miliiliver of each was placed in the flux monitor.

Because o7 the comvslexity of the kimberlite whole rock spectra, only Ia,
Sc and Sm could be determined quantitatively. Most of the other elements in

the flur monitor were observed.

Calculation of the abundance of an element in the kimberlite which is in

#*

s

the flux monitor, is accomplished with the following formula: C} =

L
Y
rh

1% :
sample weight, where C, = concentration of isotope in the rock, Cfm = concen-

-H-- 3 a3
tration of same isotope in the flux monitor, Ar = area under peak of the same

*
isotore in the whole rock spectrun and Aﬂm = area under the same peak of the
Ay

same isotove in the flux monitor spectrum. Sample weight = 1C0.1 g;

Calculation illusiration:

g (3155)
Ia = = 7L ) 19.50 4t g/ml = 0.774%/4¢€,

lOO.]%cg

0.774%/a.g = 774.2 ppm.

Tote: Peak areas are computed from the paper tape read-out of the various

spectra.
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Of the six kimberlites kmown in Riley County, Hansas, the Leonardville
kimberlite was selected for study because of lack of prior work.

The Leonardville kimberlite intrﬁdes Lower Permian sedimentarfrrocks;
forns a slighv topographic high, and its magnetic direction ise approxinately
normal to the axis of the iAbilene Anticline.

The Leonordville kimberlite is a mediumegresined intrusive kirberlite
breccia. liost inclusions consist of couniry rocks but two ignecus inclusions
were also noted, The minerals at Lecnardville are: serpentinized olivine and
oyroxene, severely altered bilotite of phlogppite, garnet (50 sercent pyrope, 30
percent almandine, 20 percent grossularite), ilmenite, mgnetite, hematite,
lizardite, verniculite, calelte, barite and possibly perovskite pyrite, zircon,
chromite, apatite and dolomite.

Analytical techniques used were: polarizing microscope, x-ray diffraction
and fluorescence, neuiron actiwation analysis and mss speciromeiry.

Purple garnets have an index of refractlon of 1.755 and a unit cell of
11,58 % and the orance-yellow garnets have an index of refraction of 1,750 an
a uwit cell of 11.56 L. Mognetite has a2 unit cell of 3.40 ﬁ, and a density of
5.13, TIimenite hns the following wmit eell: a = 5,06 1, C = 10 £ and

o]
= * (2 - <@ e ) - & -
has a density of 4.39. Lizardite has Go - 7,30 A, Miea has C = 14.4 L. Teu-
: 0

5]

tron activation analysis of the whole rock revealed 774 pom Ia, 1% ppm Sc and
13 pon Sn and Th, ¥a, in, b, Bu, Fe, Cr, V, X and Co, ¥hole roclk Sr content is
fns ’
. " D a S7 I 86 o . o s

estimated at 1000-1500 ppm. The whole rock Sr /Sro- ratio is 0.709, a composite

L 87,86 L. . . . e ;
garnet 5r /3r  ravio is 0.7076 and o vein calcite iz 0.7043.

The Leonardville kimberlite's carliest origin can be traced wo a minimun
depth of 40-50 kilometers at which time the garnets were formed. Serpentiniza-
b4

tion beron in the lower crust, 20-30 kilometers below the gurface and occurred



v L

at least twwice and with contemporancous formations of maimetite. OCnce into the

1t

Paleozseic sedimentary sequence, numerous inclusions of country roclz werc incor-
vorated into the kinberlite, Hiristing joint patterns controlled {inal erploce-

1

o = . : - QO
ment, during the Inte Cretaceous at low temperatures in the rance of 75 -1500 O





