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GECLOGY OF THE LUMDING AREA
ASSAM, NORTHEAST INDIA

IRTRCDUCTION

The geologicel work of which this thesis is a par-
tisl report, was done in Assem, Indie, partly inm 1922
ard finally in 1923. #ssam ls the northesst [rontier
provinee of British Indls, Because of 1its gesogresphiesl
loestion it presents & climete notsd for heevy rainfall
egnd humid stmosphers. %o one as&egﬁgintaﬁ with the
province cen possibly form ary resl corceptlon of the
obstacles to be met in carrying on geclogicel work.

doavy Jungle, growing with such rapldity that foct-
paths &nd clesrings sre often blotte¢ cut if unused for
e single year, is the usual sort of vegetetlon to be en-
countesred. As & result, r§g§3 ere practicslly unknown
in the more ayabsely iphebited perts, such &3 the
Lumding Area, snd footpsths ere Infrequent. Beceuse of
the heevy jungle, two or three deys' work may often end

without & single satisfectory cutcrop having been found.
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LOCATION AND EXITENT OF ARER

The Lumding Ares lies within & radius of ﬁéAﬁii@é
of the town of Lumding, & rallroed %ﬁﬁéﬁiaﬂ of eonsider-
eble importance on ihe &%ﬁ%ﬁ-ﬁ&ﬁgél.ﬁgilﬂay in ﬁ&a
Province of Assam. [Ses Indsx ¥sp.] The ares liss.
chiafly within the bounderies of two different districts
of fesam, the Cachar Uistrict end iha ﬁawgaﬁg Platriet.
£s shown on the Index Hap, the reglon 1s located %@bﬁ@&ﬁ
25 erd 28 degrees of north letitude, end in the vieclnity
of 9% degrees of east longitude. In & north-south dirsec-
tion, ths ares extends fervappfaximately 40 miles end In
en esst-west dirsctien for about 48 miles.

Lumding Junction from which ths sres receives its

neme is intersected by 25 degrees 45 minutes of lstitude.

CLIATE

The climete of the Provincs of Assam is merked by
extrems humidity, the nsturel result of the grest wester
surfece snd extensive jungle over which evaporation end
condensation go on, end the near proximity of the hill
renges which bound the elluvium trects. It is oé and
near these hills tﬁai sxcessive precipltetlion takss place.
The cloud proportion throughout ths year, even ln those
months which in the rest of Indles are generelly eclesr,
is very lsrgs, éeﬁas ¢louds belng charscteristic of ths

cold sseson both north srnd scuth of the fagsem Henge.




*he monsooh proper is gaae#ally ushered in esbout
ths beginmning of June, bdut in soms years the heavy rains
of April end Mey, snd sometimes of Warch, have monsoon
violence. However, thsse esrlier reains, which sre chersc-
terlstic of the province, are due tec loecsl ceuses, to
storms end locel eveporatlion. The sprimg reins are commenly
succeeded by & break, wors or less prolongsd, of dry hot
weather with westerly winds before the trus monscon bresks.
&n sverage of the rainfell for the entire yser would show:
Brshmeputra Velley ‘north of Lumdineg Ares), . §8 inches
Surms Valley ‘south of Lumding fres ., .125
North Cacher Hills (in Lumding 2res). . . . 88 *

It is over the lower hills of Horth Cachar that the
great southwest monsoon swesps tGVEQtﬂr the pnorthera part
of the Brazhmeputrs Velley. The ehisf obstecls te the
progress of the morsoonel windas in thie region 1s the
Barell fenge which extends slmost due esst from the south-
ern purt of the Jelntis Hills snd forms the south wall of
the Horth Cachar Hills., On the south side of thls rEnge,
where the rain-beering cleuds first strike efter crossing
the plains to the sowth, the precipitstion is extiremely
hesvy. éléﬁg the hill dorder 150 to 180 inches is not
URCOmMOn .

&n epproximete chart made to show gensral eclimetice
conditions in the Rorth Cacher Hills (Lumding Ares) snd

edjacent reglons would necesgserily contain ths.fallsxiﬁg:




Hovembar to Yereh . . Days wers, nights coel and very
demp. Little or no reln.: Bx-
cellent fleld working conditions.

Hareh Lo ¥8Y . o+ « o« B&yé warmar, nlghts wermer, occa-
sional hzavy storms esccompanied
by high winds snd rein., Uncertain
fisld working weather,

ey to June . . . . . Very warm with oceaslionel nesvy
storms. Poor fileld working '
wastasr.,

June to Octobar . . . Very werm, scuthwest monsoon
bresks, extremely heavy rsinfell.
Field work impossible.

Oetcober to Fovember . Cocler, tapering off of the mon-
soon, considerable rsin but pre-
limipnery fleld work possible.

The sbove descriptior of the sesscns veries some-
what from year Lo yeer but will strike & very feir

EVSrage.

HEALTH COXDITIONS OF ARER

Fith the genersl charasctaristics of the elimste of
Assem Ip mind, it will be reedily undsrstood thet in its
effect upon humen heelth Assam presents the ususl festures
of & humid, sub-troplcel region. W¥alarial diseeses,
kala-agar, end choleras &re the most prevalent forms of
sickness, with small-pox, black weter fever, and verious
bowel complaints quite common.

¥slarias firds its chilef ﬁt;a&gh@l& in tns broker
country forming ths outskirts of the &szem Aanre where
the long low vaelleys are seldom disturbsd by ihe strong

winds that blow acrossz the plains. In the opern couniry
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it is seldem so extrexzely ssvere. In the low hills such
&3 sre found in most of thas Lumding #rves, melaris is
very cemmon and e grest nulssree. The Assem-Bengel
felilwey, which penetrates that pert, hss always pald a
fevar sllowence to such of thelr employess ss gre re-
guired to remein there for any considerable period. ‘

fpidemics of cholere from time tc time swsap
through the district ceausing & high mortelity. Although
the dissese 1s spperently endemic iz the reglom, it oce-
casionally bresks out with uynususl severlity. Howevsr,
considering the methed of living of the villsgers, en
spldemic of any contegsous diseese 1s herdly surprising.
Senitary arrengemsnts ip the villsges sre nil, the rub-
blsh weuslly beliny swepl into &n unussd corner and &l-
lowad to rot with messes of decaying vegetstion. & com-
plete absance of sanitery afr&agamaﬁtﬁ mekes the reighbor-
hood of & village freguently & very unssvory plece. The
wster supply 1s often bad and ls drews sither From muddy
stresms, from shsllow holes, or, in the pleins, from
tanks in which the villegers oftsn wesh both thelr clothes
snd thaeir persens, In the hills the wster supply s
wseally much bettsr then in the pleirs, for ruaning
stresms are more numerous and not 2o losded with Filth,
end Lhe populetion Is much less ﬁ%ﬁ%ﬁ-‘

In &n sverage yesr, in the Lumding Arse and viaiﬁity,

the totel desths per thousand, sccording te ths Indisn
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Census, is sbout tweniy-three.  Of these twslive dies of
fevar, three of cholera, and sight Tree bowel complainte,
othar diseszes, stiecks by tipers snd slephents, snake

bite, end other sccidents.

POPULATION

The total populstion of the Lumding Ares, within the
limits described in this report, will herdly exceed 1900
people distributed emomp 40 or 50 villages. This populs-
tion is composed chieflfliy of psople belonging fo ths
Cacherl, ¥ikir, or Kski proups, together with the varlous
plains peoplo who heve gutherad near the rellway line.

Away [rom the reilway, the villegers eare primercily
amgii fermers. They praciise whet 18 known &s the Jhum
syatem of cultivetion., In this & smell erse of jJurgle is
cut on & hillside 1n Februery or Merch, &nd when dry, in
April or ¥ey, is Tired. Thes earth is then broken bf the
zest primitive methods end the crop plantsd. Egoh house-
nold cultivetes & plece of lend Tor Its own use snd for
berter. The principel products relssd ir the hills are

rice, cotton, chillles, snd malze.

TRANSPOATATION
%0 long &8 & perty remalins near the Assem-Bengel
Geilesy, transportetion problewms sre comperstively

simple. However, once awsy from Lhe ralilway, sven for




the shortasst distance, trepsporteticn sssumes s differsnt
aspect. There ere no roeds psretrstling the &ﬁ%ﬁﬁﬁg dres
gspabls of supporting whesled traffle of eny sori. Gven
the crwde natlive bullock certs srs unable Lo opersis isn
this regien, end, es & result, &ll trensportation of sup-~
plies and equipwent must be secemplished either by coolles
or elsphants. Both methods of trsnasportetion wers the-
roughly tried out during the course of ths work spd their
?aa@@ativa velues detsrminsd.

Por fest, light work over sll sorts of rather rupged
or vary heavy jungle covered country, the hill ecely,
when onoe scelimatad end herdened to the work, 1s esslly
the sors setisfectory and dependsble. &lephants, if
esre 1s teken im their selection &nd only those obviously
edepted to the work used, are vary satislsetory for trans-
porting squlpment end supplies over sendy river beds or
slong good pethe if wmithout too much overhesd juangle.
#hen the overhesd growth is heevy, fsr too much tims 1s
required cutting through to sllow the slephert and its
loed to pess. For geologicsl recornelisssnce, requiring
rapid trips over all sorts of country, picked coolles
proved te ba very sstlsfectory. The only paths within
tﬁ%rhmméiﬁg Aree ere those mede by the villegers ffé&-
town to town or from the villeges to the reilwsy stations
ard bazesr centers, Purtherrore, most of the rivers are

unravigeble during the dry sesson when fleld work l1s
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possible. This all means that the transportation of sup-
plies and equipment is practically entirely dependent
upon coolies or slephents for geological work within the

b

Lumding Ares.

COMMURICATIONS

The only distributing post office in the Lumding
Ares is located in the town of Lumding. From this office
meil is sen£ cut twice weskly to the various railwey
stetions along the line. Ko delivery of any sort is made
by the post office away from the line of the railwey; there-
fors, parties et work in ths field must esrrenge for coolies
to bring in meil. )

The seme conditions apply to the telegraph system, '
which in Indie is operated in connsction with the post
ffice system. Under such conditions, parties et work in
ths Lumding Ares mey frequently be out of touch with both

post and telegraph for several deys running.

FIELD WORK AND MAPS
Unfortunately no topographic survey of the region had,
until 1923, been mede by the Government of Indis since
1260-76, end the 1923 survey wss not neer enough completion
to be of any use, The old maps, on & scale of 1 inech to
4 miles, proved to be much too lnaccurats for use in eny

cther manner then &s approximate guldes to the more
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importent stream junctlons, ete, Censsgquantly, ecompass
psce treverses had to be made, tylng to stressa junctions,
railwey mile posts, etc. Locetlons were made, and sirlkes
apd dips taken is the flald with the Brunton compass.

the sreal geclogy is indlested or the compllsd mep by
gifferent styles cof cross-hachuving. The loeation of the
geres with respect to northesst Indle 1s shown in the Index

¥ep.

GERERAL DESCHAIPTION OF 4EGCION

In Assax the Valley of the Brahmspuira Hlver, on Lhe
north, 1s ssparsted from the Velley of toe Burms aiver,
on ths south, by the Aassm Henge, The lsssx Henge iz 2
ridge of Bills or mourntsins extending in & gsneral essi-
west dirsotion scross the middle psrt of the Province of
Lssem. The central pert of the Lsssm Henge ls occuplad
by the largely metamorphesad rocks of the Ihilllong Plaissu.
Best of the Shillensg Plestesu 1s thet portlon of the Assam
Zenge known 28 the North fachar Hillg, in which liss the
raglon to which has been given the name "lumding Ares.”

By fer the grester part of the Lumding Ares consists
of Tartisry sadiments exposed ss slternstlng sendstcnes
end shales of probeble deltsle origin overlying & distinct
fossiliferous Rummulltle Sariea. A total of meerly 35,000
fant of sedimentis wes detersinad within the gensarsl con-

fires of tha regieon.
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PHYSICCRAPHY

The topography of the eres ranges from the vary low
rolling hills spproaching the slluviem flsts of the Bers
Langfer and the Dhenslri penmsplein to the north snd north-
sast respsctively, te the feirly high prescipitous hills
of the lkege “enges on the southesst. So far as cbservad
there does not sppear to be sny structural control evar
the topography. Drainepe iz sscursd for the most pert
by an irregulsr nstwork of incised stresms whileh havs
kept thsir pre-uplifi eourses. Irn ths west apd northwest
sections of ths reglon, the gently rolling hills suggest
plateau topography with Incised stresms.

In the general uplift of the Aassem dange systesm, iths
Borth Cecher Hill section was probsbly ithe part lesst
effectad. £As & result the topograshie reliaef is here no-
whare 3¢ abrupt s¢ in the ¥egs Hills te the esst or the
Ehesle snd Jeintis Hills to the west.

Scuth snd scuthsast of the Lumdimgs Avsa, tha Kerth
Cecher Hills attein thelr gresztast slevation. Irn the
peeks that constitute the Bareil Zengs, & maximum eleve-
tion of over 8000 feet iz resched, and & probeble sverage
of sbout 4000 1s meintained. However, procseding nrotth
end porthesst throuph the Lumding Ares from the Bersils,
the slevetion repldly drops swey until & minisum of 300
feet sbove ses lesvel is barely retelned in the valley

flate of the north,
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Cn the wesl the Lemding Avee 1s dralinec by the
Doyang River, on ihe esst by the Dhansiri end Bers Lengfer
rivers, snd in the center by the Lumdiung River, &ALl of
the stres®s here mentlonsd, excepl tas Dhansiri, are
tributery to the mein Ehoplli iver, but sz thsir jlunctlen
peints ere outslde the sree under consldsration, each is
eensiderad seperstely.

The Lumding Slver is & good example of ths lerger
stresm types within the region. Startiegz In the highar
hilles slong the eastsrn border of itha ares, it.ﬁ&§ rapldly
cut 1ts way to a stege spproschlng bass leval, and for
tha latier helfl of 1tz total length pursuss a very meandsr-
ing coursa. Ons phess of Lis 1ify Sistery esl)l illusireted
is 1z the system of river terrsces, now deavily forested,
thet sre freguently seen &t verliocus 2levetions above the
pragent stresm benks, indicatlsgz & past paried of revived

engryy thet hes sgalsn lost much of 1is incepiionul power.

GENERAL CBOLOGY
Ths breekling up of the ¥esozole continent of Gondwans-
laand gnd the gredusl displsceaent of ths Tethys Ses of ths
north in lste Cretacecus to esriy Tertisry time, when ths
crogenic zovements initisting the bullding of the Himeleye
¥ountaln mees wers iz itasir inciplsncy, resulisd in tre-
mandous chenges in tho pulf or ssmbayment snlch coversd the

presant site of the Province ol Assem. Iwe partly to a




silting up of the embsyment snd pertly to the folding
moverents which occurrsd, ths end of the Tertiary ssw the
Pinel retreat of the sees from Assam, 3Since thet tiwe,
through the Pleistocene and Into the decent, slluviel
wash &nd floed plein silts heve coversd wmuch of the sur-
feee of the earlier Tertiary marine ssdiments.

teross the center of Assam extends the ésﬁam'ﬁaﬁge;
ene of the resslts of the Tertlary folding movemsnis.

The Lumding Ares occupiles a position nesr the sast end of
this hill chein. The isssx ienge ls cherscterized Ly e
stesp southern scerp end s long gertls northern slops.
Along the south scerp the sppesrance is thet of & faulted
monoelinel fold. Apperently differentisl movement slong

& previous szast-west bellt of weskness, nov merked by the
eszcerpment, resulted in the rocks of the Assam Henge being
sleveted some 1000 feet more than the rocks south of the
scarp. However, these latter sedimsnts were also probsbly
somewhatl eleveted for the old see hed completsly retrested
by ths end of the Tertlary.

Zget of Assem, ir thet part gecgrephlicelly known ss
Horthern Burme &nd the North 3han Stetes, the orogenic
mevam@ﬁté.saew to heve procseded during muech the szame
pariod of time &s those previously menticned, l.e., from
late ﬁéstacsaus to leste Tertiery. Here the prest nmass of
the Shan Platesu wes finslly devaloped which lncludes the
Arakorn Yome, tae ?&&kei Hounteinsg, snd the Hegs Hill Zanges.

In Burme neerly 35000 feet of Tertliary sediments are known.
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The rocks of the Lumding fres conagist chiefly of
sandstones end shele: ®ith ovvasionsl thin beds of con-
glomsrate, &1l belonging to the Tertisry system of nortn-
ssst Indla. These sre underlein conformsbly by Cretacecus
sanésﬁétaa. Below the Crstacecus occurs & profound un-
conformity sspearating groat muszses Gf.igﬁ@ﬁaﬁ end mete-
worphic rocks of probebls Condwana sge [Cerbemifercus to
Lower Yesozolc) from the later sedimenta.

STRATIGRAPHY

Subcivisions of the eres ere meds entirely upon the
litholeogicel cherscter of the rocks togelher with the few
fossiis found. Tho only ¢legrnostic [essils found above Lhe
ebundant Bummulitic feune of the Nummulitic Croup were de-
tormined as belonging to zbout the Hladle ¥locsne. These

fossils which were determined 25 belng PHCTEX irrsvedius

Foetling by ths Geclozlcal Survey of Indls, represent a

cowson Torm in the Miccens of Burms, The fossils were

found iz beds of ths Lengting Series. (3se following

stratigrephie tabls.)
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TABLE DF FOSMATIOES

Y¥o.: Keme + Description thge  :Thlck-
H : 3 1nBag, P,
i tFosell ¥ood :ihieflly ssndstone with some:Plio- ?
% Grawg : shale., ibundence of fo8-. : cene 3
3 i _#il woul peer top. % g
: t : !
£ s:lumdipg Shale :Lergely blus-gray shale. :Plle~- @ 1500
H : Lenses snd Lhin beds of  : cene :
2 : Calcarecus shele near H :
H : bese, : $
« « o Uneonforsity . . .
'3 : ?
3 :Langling Groups of well bedded send-:Nlddle: 19,026
: series stene interbedded with : ¥lo-
: deck cerbonsceous shale, : cens
: Cpe conglomerate horiszon.: t
: Hurine Fosslils Pectsn : ¢
t Irrevadious Nost. : :
: . 3 :
4 z:horth Cechay 1¥esslive tc eross bedaed ab tlowsr @ 5,548
: Serdstons ths base but well hedded 3iMles 3
- at the top. Highly fer- : csne
3 _ruginous. z
5 :North Cachar :Derk carbonececus shales  :0lipe-: 1,200

-~

hﬁl%

with cceasionel thin beds: cens
of cesl 2nd soms ssndstons
The latier becomes zore

:Nummulitlic
Lroup

abundant neer the base.

BOooensd

e

Interbedded sandstone end
gheis wiih beds ef Hus-
mulitie limesteone, ¥earine
fogsils throughout.

a8 AR &% &% BE (BE S W@ B% =u a0 fEy 4m @8

1,7

B R pi FE Hn qe wx s oh JgE 48 % &I e

By w% Ay RFIRF sk A me &b “‘gv aw BE MR R TRE & BF FE B (66 AW R AR R SR B wa

j¥9 O ex E fEE BR bx aw b Jev B8

7 ﬂ?ﬁqﬁwgﬁbﬁ Herg silicecus sandatone Crota-: &00
ndstones eltared to slmost e cgouss
guartziie. 3
« o o Trafound Untonformity + « «
8 : Ignsous &nd Hetemorphic Yocks 1Geond- . .
i s i ¥Bus 1
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Owing to thes enormous thickness of the sediments
eomposing the Lengting Series and the Rorth ﬁsahgi Send-
stone, about 24,580 fest (mee Table of Fermetlons}, it
wzs desgirable to zubhdivide ther into varices lndividusl
horizena for convenisance of refsrence. Saueh subdivisions
wore bessd aptirely on Lhe lithﬁiagfaal eharecteristies of
the veriocus sadiments thereln., The follewlng Sublivielonsl
Teble shows gﬁe‘divisiﬁna into which ths Lwe groups noied
sbove have besen divided. The numbars 3 snd 4 rafer to thelr

resnactive nleces in the mein Teble of Formsilons,
P :

SUBLIVISIORAL FOTMATION TABLE

{135

Lengting Series ¥iddle ¥io- 18,026 fL.

cens
¢. Uhepsiri Sandstone . . 2300 It.
b, Interbedded froup . . 4101 *
., Langting Sendstore . . 4834 ¥
d. Longran Grovp +» « « » 5740 %
e, ¥eilu Bendatene . . . 940 7
f. ¥2ille Shsle . . . . . 1281 %
4 Forth Cachar Sendstore Lower Miocerne £,548 i,

¥
“
*

&. Uoper Division . 2078 L.
b. Lower Division . . . . 8480 "

Deseriptior of Formetlons

Cretseecus Berdstors.- ls obssrved elomg the westarn

border of the Lumding Ares (ses Aresl ¥ap) the Crstaceocus
savdotone consists of a wmedium srzirsd, white to gray,

svan textured, silicecus serdstore with ontssliorsl svglil-
lececus sandagtone laysra Intsrbedded, Biua to bulf eonleorsd

sheles end some conglomeratss ware obssrved st various
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horizens withis the ssndstome. A distinguishing festurs

¥ the sendstone 1n the (ratsceous, 2spacislly nesr its

bnas, 1s thet 1t enpssrs ¢o bo partly altered to gquartzite,
howsver, the recrystalllizetlon dees nol sesm Lo have dsen
completed. £ thickness of 500 reel is sssignrad the Cre-

tecesous in the Lumdirng Arss.

Epmmulitic Group.- The distinguishing festure of the

Nummulitic Group is the Nummulitic limestons conteining a&n
sbundr=ce of the fossil Nummulitss so charscteristic of iLhas
focene. BHesldss Nummulites, Focene members of the gensra
Turritelle, Cerithium, &nd Pacten were noted. Ths lime-
stons member does not by &ny mesns constitute ths entirs
group for & very censldereble thickress of slternating
sandstones and soft shales ars pressnt, mostly ebove the
limestone, Southesst of the Lumding &res the sandstones
occurring withlin thls group sre known to carry coal seawms
of some commerciel valuwe. Ap estimsted thicknass of 1700
feet is assigned Lo the Fummullitie Group within the con-

ines of the Lumding Ares.

FE

Eorth Cachar 3hals.- The ohlal member of what is
tarmad the Morth Cschsr Shele CUroup 1a & blee.black clsy
gaele o varylnp physicel cherecteristies. It verles

from & 307t plesdtic to & hard frepguentel netuvs. Under

2:

o

ths influence of weathering, the sisle {reguently

blescass Lo & lighter blue end essumes & brittle spiintery
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cherecter. Interbadded with tha shele ere numsrous sand-
astons bads of npe greet thickness hut often containing dis-
tinct thip cesl lsyers of econsldersble vslus in corrsle-
tion. Lpproschling tho bese of the Horth Cechar Shels, ths
ssndstone layars become mors numsrous snd & genarsl sandy
influence ls noted. & thickreas of 1200 fest is assigned

te the Heorth Cachar shals ir the Lundling Ares.

forth Cachar Jendsione.- (Sss subdivision tebie.)

Lowar Horlgor.- The lower horizon of the Nerth
Cechar sandstons 1s charecterized by soft, messive, fer-
ruginous sendstone with extremely ccmpliceted eross-
bedding. Devause of its extreme cross-bedding end messive-
aa&é, much diffieplty is encountered in determiniag the
true bedulns et any particulsr locetion., in sarndstons of
thls type every indlestion of bedding sueh es ths position
of eut off beds, felrly psrelstent shale layers, ste., re-
gulre close exsmination. ¥ileld work spprosching sceursey
regulires slow, painsteking cbservetions., The Loser Horizon
of the Eorth Cecher Sandstone includes so meny beds of
verying tezture, shade, degrse of cemantetlion, ste., that
it is difficult to describe ss & unit. Howevsr, the
feature of ferruginosity enc exireme eross-bedding spply
parvaistently througaout and becoms the distingulshing
eharectoristics of the norizenm. # taickness of 3,489 feet
has been essigned thls Lower Horizon of the Horih Cucher

Sendstone in tho Lumding Arse.
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Upper Horizen.- The Upper Horizon of the Nerth

Cachar Serdstone 1s chevacterized by much mere reguler
bedding than is the case with the Lowsr Horizon, but the
charscter of ferruginosity remsins much the same. Some
eross-beddlng 1s disesrneble in the Upper as well es in
the Lower Horlzon, but it is nsither so intricate ror so

wide spread.

In general the North Cecher Ssndstone may bs described
es & medlum grained, cross-bedded, vari-colersd sandstone,
carrying concretionary bodies up to 5 fest in dismeter in
some of the more massive bads. The colors range from
yellow, red, and brown to surpls shadss,.

The North Cecher Sandstone glves every avidence of
heving been lald down es & shallow estuary deposit under

the immediete influence of tide wator. Conditions of this

Y

charecter can eccount for the complicatsd eross-bedding,

the oxlidized charecter of the sediments, and the variable
currant ripple marking fraguently detected on thes eross-
bedded surfeseces. It is guite probable that durigg the

time of deposition of the Upper Horlzom of the North Cachar
Sendstone, a reversion to somewhat desper weter conditlions
and conseguently less turbulent influences was In progress.
L situation such as this 1s Indiceted by the less intensive
eress-bedding snd the much more regularly bedded sediments
of ths Upper Horizon, &s well as the fact thst the sandstone

becomes finer grained nesr the top and is finelly corformably




ig
overlein by the ¥eilu Shsls, & well sorted shale group.

{398 Tellowinp desscripiion under Lengting Series.)

Lengting Series.-

¥eliu Shels.- Cn the Lengtiamg Alver, esst of the

village of Lengting, (ses fresl ¥ap) & totsl of 10,098 feut
of ellerneting ssdiments were determined as belonging to
the L&ﬁgtigg Saries, the next group sbove the Korth Ceeher
Zsndstona. The first mewber of the series lying ilsmedistely
end conformebly above Lhe lest mentioned sarndalone was
termed the ¥sllu 3Shele.

The ¥ellu Shels consists of gray to blus, well beddsd,
flsgstone-1ike, sandy shale ofter slmost slaty in herdness.
¥inute mice flskes slong the bedding plenes often givs &
lustrous shaer to tha shazle when freshly broken., £ msasured

section sllowed 3221 fest to bDe sssigred the Meiluy 3hals,

¥ailu Sendstone.- Immadistely and conformebly

sbova the ¥ellu Shele oecurred & heavy sandstone termed the
¥2ilu Sendstone, consisting chisfly of hard, thick-badded,
rusty brown sandstone, The indlvidusl bads wsrs cross-
bedded op & smell scels, snd the resultant cross-bedding
planss ara %aféanﬁd to such & degree that they protruds
slightly outside the mein surfaca of thse sandstone, &s 8x-
possd in verticel benks, giving & “erazy weshboerd” ap-
pesrance. The gensarel rusty brown appearence of the sand-

stone changes to & somewhst blulsh shade belew waiter lasvel.




In genersl the sandstone is not very well sorted. £
megasurad thickness of §40 fe2t lg sssipred the ¥eilu Send-

stona in the Lanptinpg Ssries.

S.~ Above thne ¥slluy Bssdstons coours

s mixed rroup consisting of shelss end sandstones, purs,
interbedded, apd Interlsamalnsted, but shoslpp & gensral
shele influsrce over the group in rock composition. This
group Bss been designated the Longren Sroup. In it secur
two beds of ebout 30 fest in thiocknessz sepsrsisd by & mes-
sive sandstone some 50 fest thick. The lower conglomsrete
bed resls wpon & pure shels with & slight irreguler encon-
formity. The bottom boulders of the lowsr conglomersts ars
composed of shele similer to that which lies below, &nd are
held in & poorly serted fine grevel matrix. The boulders

f the mein bads sre chiefly of well rounded, herd, fine
greiped sendston® snd appeer Lo be weter worn concrsetions,
wusrtz pebbles up te e&p inch in dismeter ere gults common
in the conplomerate. The alipght enpuler snconformity noted
is probebly due only to local chanreling,end the conglomerste
is without doubt sn integrsl pert of the Lomgren Urbup. For
the grester part of its extent, the Lengrern Group sppears
tc be lssg resisteant to the influence of weathering then
the sedimente both below snd sbove it. As & result the
Longren tepogrephy 1s low and e@v%réﬁ with weeiharing prod-
sete in plece. The thickness of the Longren Croup wes de-

termirned a3 bein, 5740 Tasti.
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Lepzting Ssndstons.- Immedistely overlyling the

Longren Crotp occurs & hesvy, well-bedded, herd, sven and
fine grelned, grayish sandstone. The sandstone stends out
by formlng high perperdicular ¢liffs resulting in & nerrow
gorge on the Lengiing Flver, At occesional intervals
throughout the ssrndstone, thin leysrs of hard, derk, briitls
shals oceur. This sandstone hes been termed the Lengting
Sendstone and 1ts messured thickness determined st 4,834

fant,

Interbedded Croup.- fbove the Langting Sarndstone

is & rock series consisting of shsles end gendy shales

with ocomsional sendstone lsyers. At the bottom of the
group the sediments ere composed of slmest pere shels, but
on aacaﬁéiég in the series they become more snd more sandy
until nesr the top & slizhtly shely sandsitone nredeminates.
For purposss of ldentifiecstion, this mized zroup, lying
'ﬁaﬂfﬂ?ﬁﬁbly above the previocusly described Lengiting Sand-
stone, has besn termed thes Interbedded Group, snd its thick-

ness determined at 4,181 feet.

Dhensirl Sandstons.- Tsmediztely overlying ths

Intsrbeddsd Croup ocours & group of sediments which, for
the scke of convenlence, hes been termed the Dhansiri
sakrdstone. Aa indicated by Lhs neme, the major part of
the meteriel composing this grouvp is sendslone slthough

badly sertsd shely horlsens do ococur. The sendstonss ars




of the reddish brown, coarss prgised, and poorly sorted

type end &ppes? to have h$$ﬁ.1&ié deown with gresat rapidity.
Both current and weve typges of cress-bedding mey be en-
eeentered. In some localitiss the sandatone Bears con-
sicdareble resemblernce to the North Cacher Zendstone previous-
ly described, snd irn othsrs it clossly resembles the Fossil

¥rod sendstones to bs described latar.

Lumdipg Shele Croup.- The Lymding Shale Croup is com-

pesed of & very mizsd gproup of sediments. FPure sheles,
interleminated shelea,  end sendstones, lnterbedded shales
and ssndstones, a%ﬁ aven occasional messive sardstone beds
ogcur., Hewaver, the group in genersl shows & decided
shaele predominance. Ir fact, in Lhe northern pari of the
sres where the Lumding Shels overlies the Korth (acher
Sendstons {sse Aresl Mep, elso discusalon of unconformi-
ties), %he shale 1s guite cleen end well sorted with but
8lizht saady partings. Thers it is well bpeddsd, blus-grey
in coleor, and soft and clay liks whern molstesed wlith
wstor.

The Lumding 3hale is sncountered in veriocus physical
shepes. 3Some beds show ceoncholdel weethsring with larg
spelling wesses outstending, others are thin bedded with
slight sandy pertings. Broken csrbonagsous reualns are
often chserved ir the shaié, but mo gpecimens of dlsgnos-

tie value wsre sescured.
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The Lumding Shels Groeup probebly represests a repld
giltiﬁg~ﬁ; phese in & broed estuary. Certeinly deposi-
ticn wes, for the most pert, much too rapld to allow
proper sortleg to tske place slthough Intervenlsng peklods
did ocesslorally premlt scoxe fine shale beds to bs lsid
down.,

The thickness of the Lumding 5hale Croup undoubtedly
varies considerebly, but, after & serles of messsursments,
at aversge thickness of 1500 fest »as declided to ts ep-

proxizstely eorract,

Fossil Weod Croup.- The group of ssdiments to whiech

the term Fossll ¥god Croup nas beer spplied, is probebly
the top member of the Tertlsry rocks of the Lumding Aree,
This group conslsts of messive, medlum to cosrse greined,
poorly sorted, yellow to browrn sendstione, containing large
suentitlises of Fossll ¥ood in tne upper portion of the
group. BSecsuss of this, the term Fossil ¥ood Oroup has
been wsed. Cray sendy shelesz occur st interveis, but they
era inconssquential as compsred with the ssndstone mass.
Ouing to its messivensas snd the hesvy Junple which covers

so much of the ares, no messasuvements wore sscured &5 to

itas thicknsss,

Uncenformities

Taoo mejor unconformities sre recorded within ths

limits of the Lumding free. The first 1s the profound
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wnconformity which separetos thy older Condesna (Cer-
bonifercus to Lowsr Wesczole) recks from iLhe lster Cre-
Lacsous {éﬁﬁ Teble of Formetions) slong the western border
of the Lemding Ares {gos Aresl ¥ep). Tho second is the un-
conforaity at the base of the Lumkding Shale. Ssceuss of
it, tiaes Lunding Shele was found overlyieng snd in contact
with gll of the rea%s of the Ares {rom %ha‘Lﬁng&iﬁg Baries
dewn to the Ipnecus and ¥etemorghile Oroup {a&aré?aél ¥ap) .
The pressuce of locel conglomersta bads gt L4s bssze of the
- Luméing Bhele, tosether with ¢ pearsistent slight chenge in
the dip of beds sbeve and bslow the unconformity, first
suggested its presence. Letsr mepping detersimed sccu-

rately its rield reletions.

STRUCTURE

Tee grest thrusiipy movements, ons {eom norta Lo acuth
&pd the othar from sast Lo west, heve bsar the contrelling
factors in developlng the siructurel festures of northssst
IaﬁiﬁQ

The north-south movemsnt léft g8 it2 mein effect the
immense uplified mess of the Himelays Founteins: Lhe sssti-
wosl movement elevated the grest bulk of the 3hen Platesu
of waleh the é%&keﬁ Yoma, the Egﬁkei Hountelins, snd the
Eage Hills ars cousidersd & part.

tlthengh, as deseribed under Geology [ses pags 11),

the physlogranhic festures of northeast Inals owe Lhsir
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existence Lo the grest Tertlsry, movements, yei eertain
arees probebly preceded others in the tims of thelr ele-
vation. Thus it would seewm that the Zhillong Plsiseu
&nd Jeintie #11l sections of Lha Assem 3snge and the
¥ikir Hills of the same range wsre the serliest festures .
to bs reised. They then formed the northern ahoras of
the receding sea. The ssdiments of the Lumding Aree,
south of the ¥ikir Hllls and west of the Jeintlie Hills,
continued to be laid down in the old embaymsnt wiose
waters waghed Yhe shores formed by ths sbove wentliosad
aill regiona. "Th2 sedisments of the old axbaymant are
found te lap oo the old shores st suzles of frem 5 to 7
dagresasa,

Along the esstern side of the old ambayment & zrest
overthrust feult hes sbruptly cut off the esbayment sedi-
®ants and obliterated the anclent shoreline. Ths fault,
comunonly referred bo es the "grest boundary fault,” so
callsd because it cats off the youngsr Testlary sedlments
of the old ambeymant with a8 wall of Cretacogus-Becsne

metamorphessd rocks, axtends in ths shape of an erc with

its convex side toward the Lumding dres, for some 300 miles

or mere, perallel Lo the trend of the cuter rapges of the
Shen Pleatesu.

The combinetion of the two grest compresslionel move-
ments has alfected Lhe direction of the orogrephle fessture,

hes in soms srems sllgnsd the structures in parellal



enticiinael snd syneclinel folds, gnd hes detersined the
generel strike of the rocks. Ip Upper ésaaﬁ, northee st
of the Lumdiaeg Area, the siposed rocks show &n E.FC0..5,5¥.
trecd ip strike, and the structural and orogrsphic festures
ere similarly aligned. In Lower Assem, soulh of the Lam-
ding Aves, ip the vielrnity of the Beundary Fault, the
strike, siructure, znrd oregrephls feeturse hevs heon
eligned in & ¥,.¥5.-3.5¥, trend. Thus &n orographic cur-
veture wnich, as seen from the Lemdlag &res sasumss the
shape of & grest convex sro, extends from the very north-
sast part of 4ssem down to the Bsy of 3angel.

Perhaps the pert of Zassm lsesst sffected 1ln =any ways
by ths grest compressionsl movemenis liss in the Lumding
Aree. Here the rock waves continuing more or lesg concen-
tric with the Himmleysr Mountein &rc on the north and the
Snel Plateau sre on the ssat met and neutralizsd sach other
in 8o fer &3 orogravhic and structursl alignment iz con-
earﬁaﬁ; The vesult is that the rocke of the Lumding Ares
heve been folded inte renlble dowes or guaguaversals with
ro considerable slignment of strike, strueturs, er ore-
greshic festures disesrnsble. Furthermore, the absence of
feulting, except occasionally on 8 very minor scals, indi-
eetas tast the mepnitude of the rock weves hed descrecssd

very considerebly before resching this arss.




SUMEARY

i. Thet the Lumding ﬁﬁ?&‘kﬁﬁ bagﬁ sffected ﬁ%fﬁ%«
turslly by both tas Himelsysn snd the Shen wsz;;rearawé.
movenenls, DUt ihat melthsr hee & perked infleence éﬁfﬁhﬁ
rock structure, therefore ng ?sgsiaf &ligamani weus Found

e axist,

2, Thet lhe stretigraphy of the aree hss boen
worked ouil on & pmisontolegic and lithelogle bexsls, snd
formetions from the Gondwsras {Carhonifercus Lo Lower

Yesozolc) irte the Pliocone designsted snd describad.

3. Thet & thicksess of 23,460 Feel of upalterad
saciments wes messurad sbove the Condwans rocks, but thet
tie sotual totel thicknress ls prodadly in excess of this

Figurs.

4. Thal twoe unconformities were found %o sxist with-
in tha limits of ths area:

&. & profound regionel unconformity betweern the
Condwene 3geks and tae Cretacesus, revasled
on the westsen bosder of the area.,

0. &n unoonformity thel plecss ths Lundins shele
immedistely sbove end is contact with the
¥iddle spd Lower Wiocene, Oligecsre, Socsns,
aad Crebececus sedivents,

5. Thet fauiting within the limits of ihe sves is in.

eonssguential bolh iIn mapnlitude end extent.
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OIL SHALES OF WASHINGTON

Introduction

The constantly ineressing consumption of mineral cils
in the various industries of the world during the past faw
years hes become & ceuse of serlous concern., The older oll
fislds are repidly belng exheuwsted of their minersl weslth,
and the number of possible oll sress still unproapected are
beconing fewer end fewer. Even st the pressnt rate of con-
sumption it is aalikciy thet our known oll reserves will
lsst much more thean 20 yeers, snd, in the fece of tals, we
must consider the repldly incressing demand for petrolsum
products necessltated by the tremendous incresse in the use
of machinery. It 1s trus thet the produetioen of crude
petrelewn has shown & very sporscisble gein sesch yeer,
ehisfly through the discovery of new fields, hﬁ£ this gein
is not nesrly so lerge s&s iz the lnersased demand for
- petroleum products. It is only & matter of & very few
years untlil the curve of oll production im the Unlted States
wiil heve resched 1ts sbsolute pesk, and sther saaran§,§131
heve to be found to provide oils for sur combustion engine
end petrolesum using industries. Alresdy forelgn interssts

have reslized the situaticn and ars gﬁﬁe&varigg in evesry
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way to sugment thelr reserves sng to bleck the expansion
of the Americen eil industry irn forsign lsnds. Becauss of
shssa‘enﬁéiziaﬁs.aﬁytﬁiag which indioztes & new source of
petroleum should be carefully investigated. ?&15 §§1§§3
ug to the censideration of &§a~ail'aﬁala subject.

The pressnca of oll sheles in the Tertisry deposits of
Coloredo, Utah, Yontans, snd other locations in the western
§31t9é>5$§tas hes led to en lnvestigstion of the seme subjsct
ir the State of ¥ashington. Thet large eress of western
¥ashington ers compossd of Tertisry ssdiments hes long been
known., ¥hethsr or nol these sedimentis conteined deposits
of ofl shele hes never besn determined untll recently. This
peper gives the methods used and tabulstes the resulis ob-
tained irn investigeting the subjset in western iganingtaE‘

Bistory end Forelgn Extent of Oil Sheles

_ Scotiand.- Our knowlsdge of the extrection of oil from
oil shales by destructive distillation comes lergely from
the successful methods of the oll shele industry in Scotlsnd.
is esrly»aa.iaéi boghead cosle were distililed on & commereial
seele in Seotland. By 1982 these cosls were more or less ex-
nausted and the distillation of bituminous shales started. .
&%a'graa%sr pert of the bituminous &h&l&»é&pﬁaiﬂ#~af
Scotland scour in the vicinity of Bdinburgh. The workable
ares 1ls from 5 to 8 miles long snd extends from §§9’3@§%§§¢3

shores of the Firth of Forth to &r§aia§ gbout 87 miles south
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of the Pentlsnd Hille. There ere cther smell ﬁa?aai%a, but

the ebove mentioned one is essily the most importent.

The oll yisld Irom the Scoteh shales ranges from &s

B8igh 88 50 gallons per ton in some seems Lo as low ss 7

gﬁilaﬁa'in others. However, ihe aversge yield is spgiaxi«

metely 19 gellons to the ton. The semwenium sulphete con-

tent veries from & to 87 pounds to the ton.

The fallaliég pré&gaaﬁ$var§ gecured through the Secoteh

“Becon end Hamwor. The American Potrolsum Industry, Part 2.
published by Helrew-Hill Book Co., Few York, 1218.

‘methods of conserving the by-products:

2.
=
4.
5.
8.
.
B.
‘s
19.

Permsnent geases - used for fusl at the retorts.
Shale napths, gésali%e, motor spirita.

Lemp oll. |

Intormadiate olls -~ used for menufscturing ges.
Lubricating olls - net high grade.

Solid pereffin,

84111 gresase,

$3i11 coke - used za8 fuel and slsc as Cerbon Blesek.
hmeonium aﬁlghetg « & fertilizer, '

Pusl oils, ters, éaai&ges, ete. - ussd in the

rafinesries.



Frence.~ In France the shale ¢il lsdustry 1s sven older

than in Scotlend. £3 early as 1838 the Freanch were distilling
pareffin from shales on & commvercisl scale. However, the in-
troductlon af cheep American olls Trom the new ?sﬁnaklvaﬁi&
fislds 1In 1564 seriously checked the growlng shele industry

in France. The French heve not mede the progress of ths

Scoteh in distilletion methods,

British imevice.- In Bew Brunswiek, in Nova Sootia, and

.ia,ﬁawfaundlsaé, large arsas of excellent oil shels hsve beer
discovered. In Hew Brunswick end Move Seotle the shelss sre
estimsted to yisld &n eversge of 40 gellons of oil end from
30 to €@ pounds of smmonlum sulphets per ton. In Hewfoundlsnd
tests heve shown aboul 35 gallons of oil arnd from 3¢ to 50
pounds of smmonium sulphete per ton. Ko commereisl work of

ery importance hes yet been done on these deposits.

Borld Outside of the United States.- Beside ths locations

given aba&s, oil shale in commercial gquantities is known to
occuar in Spein, Cermeny, Bulgarie, Horwsy s=nd Sweden, Eéthegia,
Burme end Siem, South Afrlice, Rustrslis, Chipa,Tes manie,

Jugo-Slevie, Bulgaris, Brazil, Argentina, Chile, =nd Uraguay.

History snd Extert in the United States

In the United Stetes shale oll hes received compsratively
1ittle attention in the pest beceuse of the grest sbundsnce of

petroleum found within ocur borders, Howevar, even before
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petroleum wag first brought in im Pennsylvenie, the Hormens
had srected & shels eil still neer Juab, Utah, end hed &t-
tempted to distill oil from soms of the sheles found thare.
Before the discovery of oll in the grest Agg&laahiéa Field,
severel oll compsnies had been orgesnized in thﬁ‘ﬁﬁibﬁﬁ States,
and some work hed gean done on the distlillation of cannel
ceel and slsc on the Devonisan blsck sheles of the east. The
discovery of crude o©il in Pemngylvenies mede it economicslly
impossible to continue with any distillsticn process, so
whet might heve developed into & wide spresd shele oil in-
dustry was rulned. |

In the Unlited Stetes the extent of known oll shales is
enormous, &nd their possible deture influence in cur indus-

trizl world is sxtremely prest.

Uteh.~ In thet pert of the Ulintes Basin lying withins
the Stete of Utsh, 1t is eatimated thet there is sufficlent
sempled shale to producs 42,800,000,000 barrels of crude

0il® and possibly 500,000,000 tons of emmonium g@lyhata.*

*#inchester. U.S. Gsolopieel Survey Bullstin §91-B

Colorado.~ In Colorsde the totel shele ares excseds

2000 square miles. Assuming an sverags of 20 fa@t’ ef

*%. B, Georpge. Colorsde Gasclogical Survey Bulletin 28

workabls shale over this eres snd sstimsting one berrsl ner
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ton, beoth of which assumptions heve bean shown by cereful
serpling to be reesoneble, tha total sotentlel crude oil
Trom the Ceolorsdo shales resches the huge figurs of
£8,000,000,000 berrels. Is sddition to this the smmoniuwm

selphate and other by-products sre Lo be eonaldered.

¥eveds znd Hontenst- In Heveds oll sheles of sbout the

“¥. 7, Cevie. 011 Shala. Burssu of Fines Bulletir 210, pp.20,21.

sgms Bge a8 thess lp Colorade end Uteh, srs koown Lo oovmr i
the sssters pert of the ﬁ%ﬁté pear Slke. These sheles ere
neither sc rieh nor so well sdestel 4o mining es sre those of
Colorgdo snd Utah. Im ¥ontsns oll sheles sre known o ceour
st two distinet horizoms, one of Fermien age end the other in
the Tertisry. Thoese deposiis sre nelther sc rieh mer sc

ebundent es Lthae cnes ip Calorsdo and Uteh.

Fentueky and Isdisne.- In these stetes the bleck shslss

of the Devonlss have grovad to bs werthy ef considerable at-
tontion. The prest sxtent ernd uniformity of oll content of
theas shales hes beon proved by the Buresu of Eimss., 4An

#

everepgs content of 18 gellons of oll sad fros 30 Yo 55 pounds

# ¥, 7. Cevin, 0.8, Burese of Mimes Bullstin 210, po.24-28

of smmonium sulphais Lo the ton has bsse showe to exist.
Chespnass of mining, & pecrbdy merkel, snd & pood grede of eil

. may caus® thess sheies Lo be developsd soonsr Lhen lhe more




distent but richer cnes of Colersdo and Uiah., About 1000
sguasrs miles of Xasntucky alons are %elia#sé to be under-

lein by oll shalss,

Ceclogy
&
Iptroduction.- During the Bocens peried , the presernt

*Beiley ¥illis. U.5. Geological Survey Tecome Follo, Fo.54

site of whet we know &8 the Puget Sound Besin wes an sxten-
sive erre of the ses covering portions of the present Cascede
§eaat&ina|endraxteﬁdiég'as far south #8 Oregon. The Cescade
¥ounteins es & range did not exist. It is probable thet the
northern part of the range, within the boundaries of the
stete, possessed some relief, bul the certrel snd scuthsen
portions were not much sbove ses lavel. That fresh ﬁatgé
lakes snd swamps of consldersbls sres existed on the sits of
our present Cascade langs is proved by ihe cherseter snd dls-
tribution of fossll faunes, together with the charscter of
the sedlments in which they are found, Portlons of the pres-
ent rangs were probebly completely submerged,and some of the
lekes and swemps undoubtedly had, &t varlous ti=es, connsc-
tions with the estuary on the %sst.‘ It is probsbls thst
perts of the Sen Juan Islands, end elsc the central porticens
of the Olymples, were lend srees whioh had bess lifted sbove
see lovel gt the close of the Jyrsssiec., COrsnites znd older
ssdimentaries formed the land mess which borderad the great

estuery.
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Puring the Bocene perloed, the climate wes semi-

*professor F. H, Epowlton, U.S. Ceclogicsl Survey, Tscoms

trepicel. This aeﬁéitigﬁ,ﬁita its accompenying prevelling
molsture, covered the land sres with & dense end luxurisnt
filora. Probably &s meny &s 250 different species existed,
mapy of thew since entirely extinet. Ip the lower part of
the Bocene, ferns, glgentic paims, fig trees, and similer
flore tsstify to & semi-tropical c¢limste. MHowever, the
presence in the upper part of the Zocene of sumecs, blreches,
sycemores, ete., would indlcste & gredusl change in climate
from semi-tropicel to & sub-troplesl or even an mpprosch to
present day conditions.

It is to tas products of decey of the hesvy vegetation
sccumulating Iln greet swamps or shallow wetsrs end then
being buried undar thousends of fest of sediments flowing
in from the rapid westherimg of the sdjecent nills, thet
the coel beds of western Weshington owe thelr originm. It
is to the products of decay of this vegetetlon sccumvleting
with the muds end fine silts which were deposited in desper
weters when ths rate of subsidencs procseded more rapldly
then the rate of sedimentation, thet the sxistence of the

cerbonececus shales of western Washington owe thelr origin,

Stratigraphy.- The Green liver formation which contains

the oll shsles of northeestern Colorade hes baep determined
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Puget Group.- It is betwoen the sandstones and shales

of Eocene sge that ths exienslive coal bads of Washimgton
ocour. To these cosl bearing messurss, togsther with their

associsted sandstonss and shales, ths name of Pupst ﬁraﬁy*

*rne Paget Group of ¥Faeshingtoen Territory. Americen Journal
of Belence, Third 3eriss, Vol. %8, 1888, »p.443-50

was glven by C, A, White of the United States Ceologlesl Sur-
vey in 1888. Its sge wes &t thatl time determined as Eocene
on the besis of its fosall contest. In Plarce County from

19,000 to 15,000 feet of tha Puget Croup are known to ocour.

Lithology.- The Socene shales of western Weshingter
very widely In their physieal properties. In celor, fracture,
end general composition almest sll extremes and their imtar-
mediste gradations are represented. In voler they range
from gray to bl&a-grayvtg brown and even black. Some varie-
ties sre slightly cerbonscecus, snf from thel conditien
they grede into & shely lignite. 1In some locslities encugh
sand is present 1o permit them belng designated sz sandy
shales whereas in others the sand constituent so predominates
thet they ere really shaly sandstones. The presence of sandy
matarial tends toc make the shsle much harder and comsidersbly
lighter irn volor then the more pure shalas.

The shales of the Puget Group renge from & fine grained
and flssile to thinly bedded snd laminsted to messive with

ne appearencs of stratifiestion. Jome verieties ere vsry
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touph and rubdbsry lr charscter &§§r0g3 othars ere guite
brittle. The fracturs varlises from concheidsi to an ebaso-
lute irregularity. In the Immedlste viecinity of ignsous
intrusions, ths skglaa.r?aqaagaiy occur in & baked or
burned cendition or slteved to slate.
¥ost of ths true shales of the Puget Group contein
mors or less carboneCsous meittsr. In some cases lerye

leaves, stems, etc., mre dlstinguisheble; in others only

very finely dissemineted orgenic meteris]l is present. Suf-
fielent iron containing minerals are present in some lo-
calities to color ths shelss verious shades of brown upon

oxidation end subseguent hydraticn of the iron.,

€il Shale .
tefinition.- iocording ie ziagier,* #0il shales are

- 4

s :
Zleglsr, Victor. Pepular (1l Geology, 24 2dit. Jenn ¥iley &
- Son lgw York, 0, ‘ WL et s

.

ghales, that 1s, zuds or elsys consclidsted into rocks, from
which eil &nd ges ean be produced by destructive distills-
tion. These shalss do not sctually cerry oil ss such. They
contein erganic a&te:ial# such a8 partislly slterad giaat
remeine which sre broken up inte oll sré gas when subjscted
to heat. Thet by fer the grester part of the oil is not
present &8 such is proved by the fact thet even the richest
sheles are not gressy or olly in sppesrence, snd that oil

g23p8 ere virtually uvnknown in them.W
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Thet 1itile or no oll exists ss such, even in those
shales which prove richest by destructive dlstillstion, heas
basn proved by work im the rich ehslss of northwest Colorado.
fHere wells drilied throupgh very rich shales with fsvorable
geai@gi& structures heve yislded sbsolutely no eil,

The peme of Kerogen® hes bser given to the complex orgsnie

*5aviﬁ, Hill, end Perdew. Notes on Qi1 Shels Industry. U.S.
Bureeu of ¥ines, Heporis of Investigetions, Jupe,
1921, Seriel 2254,

compounds presept in the oil shales which, upon destructive
distilletion, descompose snd yleld hydroearbon olls and per-
menent gases. The oll shelss slso contein varying guentl-
ties of mitrogenocus compounds, Thess during the process of
destructive distillatlon dscomposs lnto emronls &nd other

nitrogern beses inmcluding pyridines and pyrrols.

Origin.- A number of theorles have heen sdvenced by
girferent iﬁ?estiggﬁars to gecount for the origie of eoll
sheles.

At the time of his desth, Devis was studying the me-

terisls that mako up the Creer River formetion. 3a'§rata,g

*$inchester. 0il shele in Nerthwestern Celorsdo. U.3.
feocloglesl Survey Bulletin 841, 31017, pp.1835-5

21t is elsar thet tha struotureless metsrisl of the Cresn
Aiver sheles probebly erigineted in s cellesetiern of plant

debris which hes, by decomposition and the setivitlies of
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becteris snd other microseoplec orgsnlsms, passed inteo &
jelly-like phese, w»hich 18 to be found in certsin kinds of
poet deposits. The plant remsins thet heve been found charsc-
terizing the shales from every loesliiy from which they have
been sxemined (Creen River formaticn), are those of microscopie
glgse mixed in smell percertege with pollern end similar paris
of higher plents., Apimal remeine heve baon very rere in the
seteris]l studled, &rnd thoss noted ware chisfly thosse of in-
secte in & very fragmente]l state.

® it ssems apparest, therefers, tast the study of tk@ mi-
etasecgﬁé structure of Lhese shalss as ssen ip wvertical and
horizontal ssctlone, lesds to the coneluslor that the materisl
wgs leld down originally in watsr, end thet it passed through
e seriss of stages of decomposition before ecnsollidatiorn arnd
lithification hed teken place. Ths remerksbly well preserved
stete of the deliecete plant structures which hzve been ex-
smined indiecstes very slight disturberce of the originel me-
toriel snd &n slmost entire lack of changes produced hy the
sction of metamorphosing sgencles sincoe lithificetien.®

Steuert® belleves from his own work spd that of previous

- : W :

Steusrt, . H. Oll Shales of the Lothisns, Part 3, The
Chemistry of 0il Shalas. ¥swmolrs Geoldeleal Sar-
vey of Scetlemd, 2¢ Bdit., 1912, pp.184-5

investigetors thet "oil shales may bo composad of vegetsbls
matter which has been mede into pulp by mecerstion in water

end preserved by comblning with aslts in sslutiorn togsther
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with richer meterisls of meny kipds, such gs spores, which
seturs hes provided with meens of protectlion sgalsst decey.™

¥irchester® believes that the cherecter of the originsl

= , | . e -
¥inchester, . E., Contributions to Ecoremie Geology, 1818.
Ue3, Cenloglcal Servey Bulletin 801.B, Pert 2.

wmaterisl is lergsly responszible for the krﬁﬂéfarggzian into
oll ylelding substancez rather thes intc veel. He reports
that in the Greap River formeticn of the Uinte Bssin in
Cish, *lovariebly the shels shoewing the largset pereentspe
of vegeteble debrie will yisld ihe most oll end vice verss,
and thet shele beds occurring b»etwesrn beds of rich eil
shele g4y be equelly compeot snd flme greiped and yet yield
no oll op dlstilietion.”

Considaring the shale deposlis ss & whole, the follow-
ing pelintz sppesr Lo be estsblished, sccording to studies

earried ouvt by ths Colorsdo Cecloglesl 3&??5¥£‘

® ‘ H ;
Ceorge, R, D., Colorado Gsological Survey, Sulletin 25,
. 1821, p. 24. '

1. "The shales contain no hydrocarbons ligueid &t at-
mospheric tomparatures.

2. ¥Eeldid hydrvearbons ir minute perticles snd in
widely differimp quantities occur in the shasles.

5. "Thare appesrs Lo be no direet rsletionship be-
twesrn ths oll yield &nd the presencs of ithsss
hydrccarbons. Gheles apparently fres frosm the
hydrocerbon particles mey give & high yield of
oll while othsrs in which such psrticles sre
numarous may give & low ylald,
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4. “The shales contain waﬁh partly bituminized vege-
teble metter (&nd possipbly seme snimsl metier),
snd the qg&&tity of this epd the hydroesarbors iLo-
gethey, determinss the possible oil yield,

5., "Phe éegre@ of bituminigetion of the vegstebls
mettor veries frow plece to place, mud from
shretum to stratue, This &%&ngﬁ in ths vagetable
metter is comparsble to the evolution of eosl
from plesnt sstisr,

8. "The oil ylslding meterials of sheles sre related
to lignite, or coel, on the one hsnd, end to trus
hydroecarbons on the other. Tha elssavsaa of the
relationshlip te esch depends upon ths mature snd
degres of the alteration of Lhe vepetable mstiler
of ths shale.v

Ir the western part of tna state of Psshingion ihers iz

no epparent resscn why shales ocontaining oll in commsroisl
geentitieas cculd net have besn deposited. 1t seems liksly
the conditlioms of sedimentation in perts of western ¥ashing.
ton were somevhet slmilar to ithose of Colersdo sxespt for
the Irsquent braklsh weter phases sncountered. However,
where ell conditlons approach each cother most elozely batween
the Green Rlver formetlion and the Puget Oroup, eoil shals hes

been formed in the former &nd cosl in the lattier.

¥ining

Shele mining approximstes coel mining more mserly then
thet of the minsrels. Where any considersble depth must be
atteined before mining is possible, & reguler cosl mining
system of sntries end cress cubs must be instituted. PFro-
visior must be made for supporting the roof with the usual

methods of prope snd sets whiles drawisg sillars.
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One sdvantege thet shele minlng would heve over coel
mining is thet therse would be no objectlion to ecrushing the
shale t&raﬁgé the usa of heavy explesives. Sines the shale
must be erusbed befors it ls resdy for the retorts, the
bresking up dee to minins woethods would be en adveniage
rather than & disedvantege, s it would bs 1n coal &iﬁiﬁg*

In meny locellties oper pit mining would bs entirely
possible. Under such ceonditions the use of stesm shovels

should reduce mining costs considsrably.

fetorting is the mest difficult grocess in the develop-
ment of the shale oil industry, snd op the solution of re-
torting problems depsnds to &8 grest extent ths length of
Lime that will alsnse before ithe indestry ig wasll ssteb-
iished. Different typesz of shales present varying ratort-
ing problemaz. Thus the cost of produelng comssreisl oil
éspends lergely upon the retorting process es well &2 upon
the gensral conditlons thet affact every cemmereisl enter-
priss. The grest problem of vstorting appears to lls in
er sven distribution of ell hest unite threugh the moving

weas of the shels in the retort.

,_,.
i

finin

The problesm of refining the oll sscured through re-
torting the olil shales hss not yet bssn sstisfasctorily

solved. Fresent refining msthods have proved guite
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nﬁs&tiéfaetgry. For example, the pesolire secursd from
shele oll by using the ordinary frectionsting process of
refining 1s straw eal&rﬁé ant has & very disagreesble pdor.
Cc far sll sttempis to eliminate the color and the odor
have feiled; nowever, 1t 1s extremely liksly thet these
difficulties will be overcome through resesarch and experi-

menting,

Distilletion Tesis

Appereius.- The besiec princinle of the shale testing
operetion is to heat the oll shele uatll ths velatile ay-
droczrbons veporize, and at ths sems time desiructively
dlstil] eny other orgenic mattor sresert in thus shele.

The spparetus wsed in making the distilletion tests
on tne Washington sheles wmes similar in most respects Lo
that used by Yoodruff end Dey in the Colorado fisld. It
consisted of:

Pplr pliers
Iron mercury ratort
Aing stends
Condenaer elamp
Amsonis serubber (2 os. eide mouth bottle
filled with crushed glass)
Belance
in.Fine iroun wire
Neaker burnsr
Giess condanser (complete)
Iron ring
100 c.e. plass gradusts
fleubber tubing
Rubber cerk - double hole
ft.Cless tubing
Clsss separctory funnal

A DD bR b B A B ) RS R A A R L

In ordinery iren reto~t equipped with a tishi fitting

1id and & screw clemp is wsed as & containér for the shele.
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€3 equael in number to the number of cublec certimeters of
oil sscured in the distilistion.

The semple 1s plsced in the retort and the cover se-
cureiy festened. In order to prsvent lesks the joinl between
the cover end the retort bowl is well plastersed with a thieck
peste of & fire clay mixture. This was found to be very ef-
fiecient in séalihg the retort cover. The delivery tube from
the retort is then aanneﬁtaﬁ to the inner tube of the con-
dernser end the Jolnt made securs by wiring.

The ammonla scrubber is filled two-thirds full with a
solution of 18,31% sulphurle ecid, end cool water is
sterted circuleting through the condenser. The mesker
burners are ther lightsd, with the fleme turned low, and
the restort 1s elewly neeted. Aftsr from 5 to 25 minutes,
condensetior begins to teke place and weter snd oil are de-
livered iptc the greduate. Ths permensnt gasés pass through
the graduete end bubdle up through the sulphuric scid solu-
tion in the scrubber. Here eay smmonis present combines
with the seld to form scluble smmonium sulphate. 7

ke long as any ¢il is belng dslivered tc the receiver,
& gentle heat should be melnteined:. then the fleme should
be greduslly lengthened éatil et the end of from three to
thres snd cne-nslf hours tho burner will be et full blast
end the shale will heve cessed ylelding oil, ges, or water.
After & nelf hour of heating with no result, the fleme may

be extinguished and the products of distillation measured.
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end since one liter of ©.8 rormsl sulghuric scid solution

contains 29,41 grems of acid, the 1a-eaéic centimeters of
0.8 normel sulphuric eeicd selution conteln 48 _ of 28.41
grems or §,5282 greams of sulphurie seid. Théuggrst csloy-
istion gave 2,074 grems of scid in the liguor &t the begin-
ning, ent the last celculstion geve 20,5292 grems of scid at
the conelusion of the distilistlon. Then the difference
between thess two amounts, or 2,074 - 0,589 = 1.545 grems
of scid used up by the smmonis sbsorbed.
The ebsorption of the ammaéia in the sulphuric scld
screbber produces the following egquation:
4550, plus 2Hiz---(KH,) 80,
Then:-
PE:34::1.545:X
or X = 0.,8857 grems of smmonis in the 10 cubic centimeter
sample tested. A messured quantity of 100 cubic centi-
meters or Lern timss the testisd sample waes used in the
3c:ubbér, therefore:
10 times 0.5357 - S.357 grams of emmonie in the entire
serubber,
To transfere to terms of amsonium sulphate,the follow-
ing ecustion must be solved:
98:182:21.5458:%
or ¥ = 2,081 grams of smvonium sulphate in the 10 cubile
centimeter tested sample. Then 10 times 2,081 or 20.81
grems 13 the smount of emmonium sulphete ir the entire

scrubber. 3Since ths stendard sample of 8-1/2 ounces was
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Sectlon 8 of the same township apnd renge..

Jesults

The results of the distillation tests made in the

laboretories of the University of Washington are given as

follows:

The yield of oil varied from seven g&lloﬁs per tonaé
& maximum, to an absolute negative result. In no case was
sufficient o0il secured to make the reeovery of shale o0il on
a commercisl basis & possibility.

The yield of emmonium sulphste varied from 90 pounds
to the short ton to & negative result. There is no doubt
but thet ammonlum sulphste would prove a very valueble by-
product if the shales yielded a fair amount of oil, but the
recovery of thls useful substance for its own éake would not
be a profitsble undertaking even st 90 pounds to the short
ton. :

From the tests mede this far, & negetlive report must be
mede on the occurrence of commercisl oil shales in the regions
tested.

The results &s summarized above are tabulated in the

following tebles:
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