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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.



a6 DFTons

Cinberlit

nyrose

A

—
daaiidad

C'.O l'lo
i % R - w
arnet 11,55 4 141055 .
- s e ] -
Oranze-vellow 156 & L7590

11.5347 1 1,747

or ® 5
115565 4 1,753
a7 sz 2oy

sFrose  1l.535 & 1.751

<

Mimberlite pyrove 13453

SYTone — Mg Al

512

11.535 « 1.750

~J
ek

1.756

[ =]
L]

L q
This worl

%
L ]

Tosa (1966)

)

2513012

ularite - Ca3A12812012

comnosition CeTerance
& ;,_ 5\;-‘ f:_l.‘ !
457732723

[
a4
1=

c""t
N
foi
| el
]
H
wooWw

3
5
i,?
LSV

. Ifxon &b al (1963)

AL = Alrmondine - F63312313012

An - indradite - Gag(Fe,T1)2515017

/1
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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,



2.

-0

-3
-

LTS )
o~
v

-0

7,16 &
1B B
10,1 %

This work

ASTI Inorganie Card

18
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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

&





















































































































































































































