Bradford District Trip - Saturday May 29, 1937
Leader: Chas. R. Fettke.

Bring a luach.

Party will assemble at Foster Brook, two miles northeast
at Johnston and udatthews Filling Station at 8:00 A.il., E.S.T.

Foster Brook can be reached by way of Jackson Avenue along
northwest side of Tunungwant Valley or by way of Bast kain Strees
along southeast side of valley.

Cars can be parked along north side of road west of Filling
Station.
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Note the broad level floor of the Tunungwant Valley at
this point. It is underlain by nearly 250 feet of alluvial de-
posits which accumulated in a long lake that occupied the valley
during the Wisconsin stage of the Pleistocene. The Wisconsin
ice sheet did not reach as far south as the Bradford dictrict,
Qbserve the relatively slight dzpth that Tunungwant Creek has
incised its channel into this late Pleistocens surface.

The discovery wecll of the Bradford pool wac drilled by the
Foster 01l Company on the flat wect of Foster Brook. It reached
the Bradford Third gand, the productive horizon of the pool, at
a depth of 1,110 feet in November, 1871. The daily production
wac 2bout 10 barrcls. Active development of the pool, however,
did not st:urt until abeut three yecars later. Eventually a con-
tinuous arca of 84,000 acrec proved to bc productive in thic
sand. The peak of production wag attainced in September, 1880
when the average daily production renched 69,000 bairrcls, 1881
was the banner year with an average daily production of 62,863

arrels and a total of 22,945,000 barrels for the year,.

Aftcr 1881 2 decline set in which was comparatively rapid
for the first six years and then became wore graduals In 1888
the annual production 2mounted to only 5,300,000 barrels and in
1906, 2,000,000 barrels. Beginning 2bout 1907 the effects of
water-flooding began to be notice¢able in the total annual produc-
tion which again commcnced to rige at first 8lowly and then more
rapidly ao more and morc opcrators adopted the water-drive and
the methods of applying it undcrwent improvement., In 1936, the
annual production amounted to 14,570,000 barrclcs. The field has
already produced 352,700,000 barrels of oil during the period
from 1871 to 1936, inclusive, 2 figure which will probably be
raised to 2 total of 500,000,000 barrc¢ls in the future by the
methods of production now in use.
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Stratigraphy

In addition to the unconsolidated alluyvial deposits of
Juaternary age along the lower portiouns of the major valleys,
somewhat more than one thousand feet of consolidated strata ap-
pear at the surface within the limits of the Bradford district,
ranging in age from lower Pennsylvanian to upper Devonian, Nearo-~
ly six thousand feet more hnave been explored with the drill.

The deerest well in the district reached strata of upper Ordovi-
cian 1ge.

Pennsylvanian System.
Pottsville Series.

The youngest of the bed-rock formations belong to the Pot-
tsville serics of the Pennsylvanian systcem. The principal zrca
occurs in the southern portion of the district where thce broad
- plateau between the headwatcers of Tunungwant and Kinzua Crecks
is immediately underlain by about 170 feet of strata of Potts-
ville age. 2Pottsvillc rocks 2lso cap most of the hizgh hills in
the northwestern portion but are absent in the northceastern.
small patches have cscaped crosion along the high ridge in the
northcrn part of the ficld.

The following members in descending order are represented
in the dictricts
Mercer shole no coal - will bu scen at Stop No. 10.
Connoqucnessing sandstone.
Sharon shale and coal,
Olcan conglomerate - will be rcen ~t Stops Nou. 1,2,2ndll.

Micoicripping Syotem
Fuapp Formation

Whether or not thcre are 2ny strata present in the Bradford
district that beclong to the Liississipriazn urystem has long been a
mootced question. Caster, who has made the most rccent faunal
ctudics of the Knnpp beds, hag olaccd them in the Micsiscippian
system.

(Kcuneth E. Cawter, Siratigraphic Relationships in North-
wcutern Pennoylvania (abstrnct). Bulletin of the Geolog-
ical Society of America, Vol. 44, 1933, pagcs 202-203).

Glenn applied the term “Knapp" to the formation immediately
underlying the Olean conglomeratc at the village of Knapp Creck
in southern Cattaraugus County, New York. Herc it has a thick-
ncss of 65 feet and convistys of two conglomeritic beds scparated
by a varying thicknc.s of vh2le. The outcrop iz not well ex-
posed 2t preccent.

(L. C. Glenn. Devonic and Carbonic Formetions of Southwcstern
New York Obqtb HMusceum Bullctin 69, 1903, pagces 980-981.)
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Over that portion of the Bradford district weit of the Zas™
Branch of Tunungwant Creck, the lower of the two conglomeratcs ..
usuilly pre.cnt. The pcbbles of the conglomcrate arc predominas.
ingly rounded. In contrast to the ovoid or c¢llipsoidal whape of
the Olcan conglomerate pebbles, however, they exhibit o proaoun-
ced tendency toward o flat or diccoidal shape. Red jacper peb-
bles, which arc absent from the Olcan, occur sparingly distribu*co
throughout thc Knapp conglomerate.

Bast of the Bast Branch of Tunungwant Crecek, the conzlomerate
is rarcly seen, its place bcing taken by vandstones il Caindy
shales. It is, thercfore, difficult to draw tuc linc vesveen the
Knapp and the Ouswayo in thic aresa as the Knapp sandstones are
very similar in appearance to some of the interbedded sandstones
which occur as.ociated with the underlying Oswayo shales. The
sandstone phase of the Knapp will be scen at Stop No. 3, 2nd the
lower Knapp conglomeratc at Stop No. 9.

In the northern part of the Bradford district at Knap) Creck
village and in the northwestern part at the head of Hedgehoz Hol-
low, the interval between the base of the lower Knapp conzglomeratc
and the base of the Olean it 65 feet. In the southwestern portion
in the vicinity of Guffey, this intcrval has increased to 190
feet, due to the beveling of the gently csoutherly depping strata
by the Mississippian-Pennoylvanian unconformity.

In the Warren quadrangle to the west, Butts found fragments
of 2 fosvilbearing candstone which he conuidered to represcent the
fecather edge of the Berca-Corry horizon, immediately overlying
the upper member of the Knapp formation. In the Warren guad-
ranglc, the Knapp hat a maximum thickness of about 120 fect,.

(Charles Butts, Warren Folio, No. 172, U. 8. Gcolozical Sur-
vey, 1910, page 5.

The relationship of the sandstones and sandy shales which
comc in above the type Knapp beds ahd the base of the Olear in
Southern part of the Bradford distriet to the Berca-Corry hori-
zon has not yet been cstablished. In mapping the Bradford guaxd-
rangle, thce writer has tentatively includced them with the Knapp
beds. An exposurc of a portion of these strata will be sccn ot
Stop No. 11, north of Bingham in a cut along the B. and 0. R. R,

D¢vonian System.,
Upper Devonian.
Oswayo Formation.
The greenish-gray sandy shales with interbedded shaly and

frequently foccuiliferous sandstone layers, which lie bencath the
Knapp and above the Cattaraugus red beds in the Bradford region,
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comprise the Ouwayo formation. The type locality for this form-
ation 1 Oswayo Creck which c¢mptics into the Allehgeny River
one wile above Zortusville, southeast of Olean, New York,

The formation exhibits very little variation in thicknuess
over tne¢ arca covercd by the Bradford listrict. At the head of
Fouriile Creek, just north of Knuipp Creek village in the north-
eastzrn part of the ficld, the thickneus is 209 feet; at the
head of Helgechog Hcllow in the northwestern part, 198 feet; and
1t Guiley in the southwestern part, 213 fect. About sixty feet
above the base of the Oswayo, locally, there sccurs a limestone
from one to three feet thick which Ashburner called the Marvin
Creek. It consists largely cof innumcrable fragments of broken
brachispol and osther marine shells imbedded in a sandy matrix.

(C. A. Ashburner. The Geolegy of McKean County, Report R,
Second Geological Survey of Pennsylvania, 1880, pp. 68-69,
and 167.)

Cattaraugus Formation

The name "Cattaraugus® was given by Glenn to the three hun-
red to three hun.ired and fifty feet of red shaleu interbedded

(L. C. Glenn. Devonic anl Carbonic Formations of Southwestern
New York. ©New York State Museum Bulletin 69, 1903, nage 973.)

with greenish-gray shales and fine-grained, greenish-gray, thin-
beddeld micaceous sanistones which occur between the Oswayo and
the Chemung shales in Cattaraugus County, New York anl extcend
southword into the Bradford district. Glenn recognized three
rather well lefined conglomeratc horizons in the Cattaraugus
formation in the Olean anl Salamanca qualrangles, namely, the
Tuna (Killbuck) at the top, the Salamanca near the miiile, and
the Wolf Creek at the base. All three of these conglomerates
are characteruzel by flat or liscoilial shaped quartz pebbles
accompanield by occasional rel jasper pebbles. In the Bralford
iistrict, a fine-grainel, greenish-gray, micaceous ani argill-
aceous sanlstone frequently oeccurs imme.iiately above the top

of the highest red shale, but 2 conglomerate was nowhere ob-
servel. The nearest outcrop of tysical Wolf Creek conglomer-
ate observel occurs east of the fiell along the state highway,
one-half mile north of Coryville in Ellrel Township. Rel shale
occurs & short listance above it, but none was observed below
it.

Southwest of Bralfori in the Venango listrict, the Venango.
0il oapl groud, as originally iefinel by Carll, represents ap-
oroximately the came stratigraphic interval as that occupict by
the Sattaraugus formation. The Venango First 0il sanl corres-
Jonls aporoximately to the Tuna conglomerate; the Venango

1

Seconl 0il sand to the Salamanca; and the Venango Third 0il sand,
to the Wolf Creck.
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(John F. Carll. The Geology of the 0il Regions, Pennsyl-
vania Sccond Geological Survey, Report 13, 1880, page 130.)

Chemung Group

It hns becn customary in northwestcern Pennsylvania to in-
clule 1ll of the strata from the toy of the Portage groud to
the bise of the Cattaraugus formotion or its equivailent to the
west, the Venanzo, in the Chemunzg group. Only the iposermost
Jortion of this interval is c¢xpoucl in the Bralford listrict.
Luther, in 1902, on the cviiecnce of the foussils, placcd the
bottom of the Chemung at the basce of the Long Bearls Riffs
sonlstones which cro) out 2long the Genese¢ River, half a mile
south of Fillwore in northern Allegany County, Ncw York. Chai-
wick has chown that the base of the Dunkirk black shale of the

(D. Dana Luther., Stratigraphy of Portage Formation between
the Genesce Valley anl Lake Erie. New York State Museum
Bullctln 69, 1903, ». 1009.)

’

4Like Erie scction correspon.s in stratigrashic position to the
~base of the Lonz Bearis Riffs saniatonc. Attention wuust be
callel to the fact that the upycer beis taus inclulic. in the

(George H. Cha'wick. The otrxtlrr .phy of the Chemung Group
in Western New York. New York State Muscuwa Bulletin 251,
1924, L». 149-150,)

Chenung arc younger in age than the Chemung beils of- the type
locality arounl the si‘eu of Narrow Hill, at Cheuung Narrown,
west of Cheuwung, in south-central New York. Thic necessarily
follows gince the Catskill tyje of sclimentation, of which the
Cattaraugus rcprcscnts only the last stage, began progrescively
garlier 25 onc goeus cvastwarli anl coutheastwarl. Chalwick now
thinks that outcroys of the highest true Chenung barcly enter
Chautuuqua’County, New York, the tyrc area of the Ch“utluQuan
series of the Upper Dcvonlan, anl that, thercfore, this ceric
cannot bc comsiierel to contain any strata of true Cheuung mre
anl that all of the strata above thc base of the Dunkirk black
shale nre post-Chentung in age.

(George H. Chalwick. Chemung is Portagc. Bulletin of the
Geolozical Socicty of Ancrica ., Vol. 46, page 351, 1935.)

While the oller grouping has been retainel by the writer
for the present, it is realized that a revision of the nonen-
clature now in use will have to be uale after a thorough re-
stuiy of the Upper Devonian stratizrajhy of New York and Penn-
sylvania has been completed,

The Cheuung sroup in the Bra fori .istrict consists of
interbelicl srecnishe-sroy anl gray uhwlo“ anl gsan:iy shales,
fine-grainel lizht sray csanistones, an! fine-irainel chocolate-
brown san.stones. The total thickness is approxiuately 2100
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fecet. Banlstones occur wuore abuniantly in the upuer anl milile
Joritions than in the lower. In the basal portion, layers of
Jrayisa-black shale are present, which, it is thouzht, ropre-
went ths Dungirk shalc horizone. Althoush uwarine fosuils occur
tarcuzanout the cntirc thickness, they are uuch uorc abun.ant in
the upoer onc-hilf than in the lower.

The o0il anl a5 bearing sanlc of the Bra.ford district
occu,y ~n interval cof 2 little over one thousini feect in the
uidlile portion of the zroup. The Bralfor:i Thiri canl, the chief
sroducing horizon, occurs about 1250 fect below the bave of the
Cattaraugus rel beds. '

0.0 miles Leave Foster Brook at 8:00 A,M., E.S.T.
Proceed east on Route 346.

2.7 miles Turn left onto Route 646 at sign "To Olean".
5.9 miles Cross Pennsylvania-New York line.

7.2 miles Knapp Creek Village. Fine view of Schooley (?)
peneplane.

9.1 miles Rock City.

Stop No. 1. Arrive 8:20 A:.M. ZILeave 9300 A.M.

Park on vacant ground north of highway. Walk north to
oputcrop of Olean conglomerate. This is the type
locality for the Olean. QObserve weathering and ero-
sion along joint planes forming the “"rock city". The
conzlomerate has a thicknesg of 64 feet here and is
predominatingly conglomeritic. Crogs-bedding is a
prominent featurce. The pewvbles consist mostly of

vein quartz and, for thc wmost part, arc well rounded.
In shapc they are ovoid or c¢llipsoidal,

Return toward Bradford on Route 646.

1i.4 miles. Stop No. 2. Arrive 9:05 A.M. Lcave C:10A.H.
Outcrop of Olean sandstone in cut on west side of road.

12.0 miles Stop Nos 3s Arrive 9:15 A.M. Leave 9:25 A.ll.
Outcrop of Knapp sandstone in cut on west side of road.

12.3 miles Cut in Oswayo shales.

12.8 miles Stop No. 4. Arrive 9:40 A.M. Leave 10:20 A.if.
Park cars on west side of road at small garage.
Walk couth along highway through two cuts. First cut
shows typical dcvelopment of Oswayo shales. In sec-
ond cut there ic a fine exposure of the contact be-
tween the Oswayo and Cattaraugus formations.

Continue southwest along Route 646.
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miles.
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miles. Junction of routes 646 and 346. Continue west on

Route 346 toward Bradford.

miles. Junction of Routes 346 and 219 at Foster Brook.

Turn left onto 219 and proceed toward Bradford.

miles, Turn right onto liain Street, Bradford, cross creek

and railroad tracks and turn left onto Congress
wtreet in city.

Junction of Congress Street Extension and Route 219.
Stop No., 5. Arrive 10:55 A,i. Leave 11:10 A.il.
@xamine outcrop of uppermost Chemung beds.
Continue south on Route 219.

miles. BStopy No. 6. Arrive 11:25 A.M. Leave 11:4C A.ul.

Contact of Cattaraugus red beds and Cheuunz zhzes
exposed in quarry on west side of road. Lower-mist
red beds . exposed in quarry represent base of
Cattaraugzgus.

Continue south on Route 219.

miles. Junction of Routes 219 and 823. Turn left onto

Route 823,

miles. Turn left at Lewis Run and procecd toward Hanlcy

quarry on cast side of valley.

quarry of thc Hanlcy Coumpany.

The lower portion of the Cattaraugus formation is well ox-
posed in this quarry. The following section was measurcd
herc:

Top of Cattaraugus red shale,

Cov.red, 45.0 feet
Greenish-gray medium-graincd platy

sandstone, 5.0
Covered, 113.5

Grecnish-gray and reddish-graiy finc-

graincd platy micuceous znd rgil-

lacceous sandstona, 6.0
Grecnish-groy medium-grained massive

sandstone - containg numcrous plant

fragucnts, some fish rumning, and

fragmente of swnall cshells in certain

laycrs - rill marks on bedding plancs

- Salamnancen, 11.6
Greenish=-3ray shale with occasional

thin candstone lentils with o fow

sm2ll discoidnl quartz pebbles, 45,3
Variegated red and ycllowish-grecn shale, 15,3
Dark reddicsh to purplich-gray fine-

grained o ndstone - very foooili-

ferous - contains a2 few quartz peb-

blcs in upper prt, 14.0

ic opart Ay
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Greenish-gray chale, in part candy, 5.5

Brick r¢d shale containing several
lenticular beds of grecnish-gray
fine-grained sandistone up to 10 in-

ches thick, 21.5
Covered to brue of Cattaraugus - es-
timated, 13.0
Tot21l thickness of Crtiaraugus, 295,7 feet.

The 11.6 fect of sandstone occurring 169.5 fect below the
top of the Cattaraugus are thought to reprusent the Sal-
amanca horizon in this scction. This s2ndstone Appears

ncar the top of the cliff 2t the quarry. The more prom-
inent sandustone, 14 feet thick, lying cixty fcet below it

- and forming thc¢ floor of the Quarry represents a local de-
velopment. It should appear near thc top of the uectiorn
tXposed in the quarry on the west side of the valley,
visited during Stop No. 6. If present at all at *he iotter
locality, ito development ic incignificant.

Observe the noticeable Southeasterly dip of the strata in
the quarry. Thig represents 2 relatively steep dip for the
Bradford district. Over most of the arca, the strata ire
more nearly horizontal,

The regional dip of the surface formations in the Bradfoerd
district ic slightly west of south. If the corrclation of
the Bradford Third 5and with the Laona sandstone on the
outcrop to the north is correct, this horizon descends 1068
feect in 2 southerly direction in = distznce of about 44
miles, or an average of 24 feet per mile. Duc to the fact
that most of the underlying formations thicken in a south-
casterly dircction, the regional dip of the decper strata
Swings toward the southeast.

The major structural features developed on the Bradford
Third sand in the Bradford district consists of two asym-
metrical anticlinegs trcuding northeact and couthwe st,
plunging southwest, and converzing on the northeast in -
broad domc. The anticlines arec characterized by broad tops
with gentle dips toward the northwest and considerably
Steeper lips toward the southeast. Th¢ Hanley quarry at
Lewis Run lics on the Southeastern flank of the Bradiford
rnticline, the northwestcrn onc of the two anticlincg.

After lcaving quarry, return to Lewis Run.

27.2 miles. Turn right on Route 823 at Lewis Rune.

27.4 miles. Intcrucction Routes 823 and 219,
Turn 1lcft on 219 and proceed south.
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30.¢ milces.

36.0 milcs.

39.1 milcg.,.

39.9 milecg.

43,5 miles,

wenneiy Park.

vtop Ho. 8. - Arrive 1:00 P.il. Leave 2:00 P.iis
One hour for luncna,

Park cars either on weot sidc of roal or enter
park 1t south entrancc.

Continu¢ south on Routc 219.

Briige acrocs Kinzua Creck.

Stoo No. 9. Arrive 2:15 2.id. ZILeave 3:05 2.,
2ark cars on north oide of creek. Follow old
logzing rozd thru woo.c up c¢ast sile of Winter-
Grevn Run Valley to outcrop of lower Knapp con-
glomeraits. '

This is an unusually Tinc exposurc of the lower
Kknapp conglomerate. The bei, which has 2 thick-
ncss of 14 fect, is conglomeritic throughout,
whows pronounceld cross-beliling, zanl contains oc-
casional marine fogsils., It will be observel
that the bel consists of A numbor of z2lternating
herizontal and cross-be.iiel layers, and that in
the cross~budlel layer: the cross-laminations arc
not all incline! in the¢ same Jdirection. The in-
terval between the bigse of the Ole¢ in, whoge oute-
crop can be secn nexr the top of the cliff on the
sppousite sile of the run, anl the bisc of this
cecnglomerate ic 200 feet.

The¢ pebbles of the Knapp conglomerate are prelom-
initingly rcunicl. In contrast to the oveil or

‘cllips:ilal shapc of the Olean conglomerate peb-

bleo, however, they cxhibit a pronounccl tenlicn-
cy towari a flat or .igsecoilal shape. as in the
case of the Olean, they consist mostly of milky
veéin quartz. A few rose cclorel ones are also
pre.ent. In markel contrast t. the Olean, rel

Jasper pebbles uccur sparingly listribute . through-

cut thc Knapp conglomerates.

On rcturning to cars, cboerve fine cxposure of
contact _f Ouwayo shales anl Cattaraugus rea be .o
in cut on east sile .f Vintergreen Run neir mouth.
Return n.rth :n Rcoute 219.

Turn right at cr.ss-roai te cast.

Stop Nc. 10. arrive 3:30 P.i. Leave 3:40 Pl

small stripping operati:n along sutcrop of Ifercer
coal.

Continue vast.  Fine viewe of gently rolling up-

lant surface btainc ! alcng this roail.

Turn lcft onto improve ! real after paccing through
Hount lton.
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Bingham Staticn on Be ani 0. R. R.

Stop NO. 11. .Arrive 3155 P.i. Leave 5:05 P.id.
£ark cars at statizn. Walk northwestwar . along
railr.a. tracks. : -
Thce Olean loscs its crnzlomeritic charnacter in the
Scuthern portizn of the Bralf-ri qualrangle. Over
much f this arca, it c.unsists -f 2 melium to
c.1rSc¢=graine . quartz sanistone very similar tc the
C.un.quencosing in appearancce.  The following sce-
ti n wig measurel in the cut, 1600 fecet north .f
Bingham Stntion:

Light gray coaree massive sanlstone, 4
Coal { 2 loeal lens culy) 1
Shale, black anl carbonaccous at tup, 2
Gray, mclium-graine . platy sanastonc, 3
Gray, wme lium-grainc.: massive crousc-

bollel sanistone, 24.0
Gray clay c.ntaining abuniant plant rc-

maing - a thin scam of c¢sal “ccurs at

the top and a thin lens f Flat pebble

quartz conglomerate near the basc, 13.0
B.ottom f Olean,
Light gray thin-beddel chale, 6.0

The 13 fect »f gray clay with a thin ssam at the
tip represent the L.ower Marchburg c.al hiriz:n
< athburncr,

(C. A+ achburncr. The Geology . f McKean
C.unty. Rcport R, Sccond Geclogical Survey
I Penncylvania, 1880, page €4.)

The strata -ccupying the interval represcate! Ly
the Knapp formati.n are exposed in = nunher oF
cut:; along the B. anl 0. R. R., sta~iing at the
base f the Olean, 1600 feet nerta or Ringlom
Stiviin, anl continuing northweutwnas @ oo 2 poant
3100 fect nirthwent of Taylor, 4 tci2i 07 nsvly
18 feet ic representel in this interval. It vao
imyossible to etermine exactly the ¢ .nizct ve-
tween tne Knapp anl the unierlying Ouswav - az tuc
lower Knapp conglomerate was ncet recsenizael i3 thao
secvion exposed., Here, the upper purii i, wasch
25 been incluied in the Knapy cor the areal zool.-
gic m2p ¢f the Br2iforl qua.irwnzgle, very likely is
the cquivilent f the Hayfiel!i mumber - f this Zcorm-
ation or may cven reprevent higher be.lu. '
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47, 0 nmiles

8. 5 miles .

11

The fcllowing section, 3200 feet north of Bing-

ham Staticn, will be vivited:

Lizht griy cosarsce sandstone with sub-
anzular quartz pebbles, Olean,

Light zr.y chale with interbedded
thin cain.stone layers toward baose,

20

»0

senme of these countain marine feooilslb.0

alwcst whitce, coarse-grained mass-
- ive sandstone containing soue
garine fooceils,
Light gray, finely laninated shale,
Continue nsrtheastwari to Simpscon.

Turn left at Simpson (Cyclone P. 0.) onto
Route 59,

Return to Bralf.rdl via Routes 59 anl 219«

Aarrive at Br~ooforl at 5:45 2,1

.0
.4

fe

)

[¥




: | LOG OF TRIP "A"
S 93YLVANTA FIBLD CONFERINCE, MAY 30, 1937
BRADFORD TO WOODWILL HILL

Leave Bradford at 7:30 A.lM. sharp. Bring
Your lunch with you.

Ocdouweter

00.00 Leave Bradfordilotel Emeryq.z0 A . sharp. Bring lunch
L e or Hotel Holly P g

south on Route 219

3.7 Custer City. Turn right on Route 59
All cars will stop here for 10 minutes until group
has assembled.

21.2 Cornplanter Station. Turn left on Route 59 down alle-
gheny River. River Valley to Kinzua principally carved
by ancestral north flowing stream.

23.6 Kinzva village. Junction Route 68,
Continue down river on Route 59.

24 .0 Stop 1. TXoot of hill out of Kinzua. Basal Conewago
sandstone (Panama horizon which is the same as the
Venango Third sand), and the top of the Chadakoin
wember {"Chemung" or "pink rock"). Fossils.

24.4 Stop 2. Park cars along road just beyond highest
point in the hairpin curve on the down-hill straight
stretch. Lower Salamanca sandstone (Venango salt sand),
and Amity brick shales Note Upper Salamrnch (the Ven-
ango Second saind) on nose of hill above.

25,00 Narrowest nnd youngest part of the Upper Allegheny
valley. Formcr divide.

334 Junction of Routes 59 2nd 6.
Turn right (west) on Route 6.

34.2 Cross Alleghcny River to Glade.

34,3 At cund of bridge, Allegany Hotcl, turn right on
Hemlock Stroct.

34,4 Turn left on Baucr Strecet and continue up winding
dirt road to old Cobham e¢state; to second gnate.




Qdometer
35.00 Turn into ficld on left 2t sccond gnte. Paik cars .

Stop 3. Walk up hill p=ot "Brick castle” to “Stoney
Lonosome" wonument. Knapp stratigraphy and physio-
graphy of thc Warren zrcn. (Bce stratigraphic usec-
tion at Warreun on appeaded sheets). Corry horizon.
Walk along edge of Knapp cucarpment up river to
Cobham Ledgc. New River valley..

3547 Retrace to czrs, and down hill, to Routc 6. Wecst on
Routc 6.

36.00 Turn right on dirt road up weut bank of Glade Run to
join black top at village limits and continue up
Glade Run.

40,00 Not¢ on right flat-topped pyramidal shaped hill:
Charactceristic exprcession of the Corry cap rock over-
lying thc Tidioute uh2alc.

41.5 Stop 4. Park cars along road just beyond red brick
(Siith's) wchool. Tidioutc shale and Corry drift.
On toward Scandins

42,00 2Pass slowly through = rock city in the Olcan con-
glomcrate. on top of Quaker Ridzc,

43,00 Turn right on dirt road toward Quaker Ridge coal wmines.

45,00 Bton 5. 2ark cars at end of road. IExamine onc of the
most northerly coal outlicrs and one of the oldcot
Bituminous co2l seams in Pennsylvania. Bxaminc worke
ings and/or ¢at lunch. Roetrace to Smith's uschool.

49.00 Bear right on black road just beyond Smith's school,

49,05 Stop 6. About 100 y~rds beyond road fork examine old
quarry in thc Tidioute shale ("ferrugincous Knapp®
of ir. Butts). Foosuilce.

51,00 Turn lcft at first black top junction toward Warrcn.

525 At cnd of road in Warren, turn right on Conew:ngo
Avenuce. Turn lc¢ft two bleocks north on Conewango
Avenue .t Cocu-Cola signe Pass wchool on left zand
cress bridge rerons Concwaingo Creck.

53,00 At first traffic light turn on Rcute 62.
Acrsse Conewngo Creck note truncated high delta
dcpositie

53.7 In i.rth Warrcn, just before crossing railroad, turn
1cft cn dirt road up Fellett Run toward Knupp cchool.
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Stop 7. Park cars along riad at first red brick
hous¢ -n right. Walk up hill to the old Asylum
quarries in the Upper Salamanca sandstone, (Venango
Secornd Band). Tossils and stratigraphy. Return.
to cars and on up hill.

Junction of Follett Run and Yankee Bush road. Con-
tinue on latter toward valryuple school.

Stop 8. Just beyond junction stcp at first house
cn right. ZExamine the W~rren expression of the
Marvin Creek limestone ("Spirifer band"). On

North on ¥Yankee Bush Road.

stop 9. Cemetery Hill triangulation point. 'Top of
2 pyramidal hill. Corry grit and Tidioute shale.
Physiogr 1phy.

Dunhams Corners.: Turn left on black top roads
Notc pyrwmidal hill ahea2d. Corry cap rock.
Upper S2alamanca bench and ocutcrop in ditch.

Stop 10, At foot of hill just after crossing creek.
Bxamine Tanners Hill red band and sandstone in basal
Conewangc. (Panama?) Alsc examine the Chadakoin

("Chemungt) shales. Comparisons with Kinzua scction.
Join Route 6+ Turn right (west) cn Route 6.

On right notc¢ prcominent escarpment c¢f the Upper Sal-
amanca sandstcne (Venange Second 5il sand).

Junctin of Reutes 6 and 62+ Turn lcft -n Route 62
and cross Allegheny River.,

First rondsidé-bedrock exposure. Lower Salamanca
sandstone (Veneang> s1lt sand) just Scuth f Slater's
Run.

Bfén 11. Park on macadam gsection of road. Examine
Lower salamancz (S2lt sind) just south of Cobhams Run.

Note s5alt saind cxpeosurces for next five miless Drive
slowly past ex»nosurcs.

First highway exposure of Upper Salamanca sndstone
(Venang> Sceond sand). Expousures continue for next
two milco.

"Stop 12. Examine the Upper Salamanca sindstone

cnang> Sccend sand) and note great variation in the
sand. '
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82.6 Cross Allegheny River ints Tidi>ute.
82.9 At end of strect in Tidi.utc turn left on Route 127.

83.2 Croos Dennis Run. Bxposurce at bend is Upper Sala-
manca sandstone (Venange Sceond oil). This pro-
duces -il less than a guarter of a mile away in the
hill ahead.

8345 Stoay 13. Middle of Dennis Run Hill. See section of
rocks on vennis Run appended to this itinerary. &x-
amine Woodcock sandstone {Venango First oil) along
road just above first white house in the run.

837 Stop 14. At first rod line crossing road stop to ex-
amine "opirifer zone" of Carll {Marvin Creek limestone
zone) and Corry sandstone in three-part development
along roadside. Continue up hill on Route 127.

84.2 Bear right 2t fork in black top road toward Enterprise.
Junction is at position of the Shenango sandstone in
the Dennis Run Scction.

85.1 Triumph Rocks. Olean conglomerate. Note interval
hcre between the Olean and the Corry. Contrast with.
conditions at Warrcen.

86.00 Road cut through the Olean conglomecratc.
88.5 . Experiment in stbam~heating the oil sands.

9345 Junction of Routc 127 and 27, at Entcrprise.
Stoo 15. BExamine exposurc of Corry at the road junc-,
Tion. Continue up Goodwill Hill to right on Routc 27.

94,0 Stop 16. At junction of dirt road on left, just be-
Tow brow of hill, roadsidc cxposure of Shenango sand-
stonc. A few marine fossgils,

97.5 Turn l¢ft on blnck top road and follow to Goodwill
Hill rcprescenting plant of the National Petroleum
Company.

Notc: If the timc clement demands it, the party way split
goon after noon. Thosc intcrested in secing Second-
vy recovery practicc will head down Allcgheny River
in time to arrive at Good Will Hill by;about four
o'clock. Tronsportation should be arranged with this
possibility in mind.




STRATIGHAPHIC MEMBERS OCCURRING IN NORTHWESTEERN PENNSYLVANIZA
Chiefly after Caster :
PENNSYLVANIAN SYSTEM PARTIAL SYNONYMY
Olewun conglomersztc
MISSISSIPPIsN SYSTEM
Waverlyan subsystem
Kinderhookizn series
(Crewford sub-series)
Shen:ngo stase
(Shenango monothem)

Hemphill shale member- -« —~ - - - - = - « - Shenungo shale
Shencngo sundstone member(Johnsonburg sandstone)-"Sub Olesn conglomerate!

Mexzdville stuce (second mountuin s:nd)

(Meudville monothem) ~
Custards shale member- - - - - - - -~ - ~ ~ Upper Mecdville shule L.
Connecut limestone member - — - — -« - — - Upper Mecdville limestone OTiiinal
Hirvest Home shale member - - - - — - — =« Lower Mewdville shale - Mezd-
(Byhem limestone member) - - - — =« - ~ - - Middle Mewdville limestond Ville
Sharpsville scndstone member =‘hb1psv*llc _ "Sub-Olewn conlomerwte ] %ﬁ?ugi
West Mead limectone member ip i tionul — Lower Meudville limestone Orld}n“
Shuws sandstone member tguite _ Shorpsville scndstone - Sherps-
Orengzeville shele menber(sto*cV ————— "Ouyahoga" of Pennsylvenid Ville

] 1 format.
0il Lzke series

Beree stacge
Corry sendstone member - - -« = — - ~ - - 3d.Mountain sand: Pit Hole Grit

Cussewago stuge

(Cussewazo monothem)

Hayfield shile "form.tion" - ~ - = « = = = Cussewizo shule
(Little's Corner limestone member) - - - - Cussewzygo ls, Hayficld 1s.
Tidioute shule member
Cobham conglomer:ate member : Knapp - Upper Knapp cong; Cussewago ss.
Fast Kane shezle member :—formaztional - Knapp shale (middle)
Wetilore conglomerate member: suite - Lower Knapp conglomerate
Kushequa shcle member - - -~ - = = « = ~ — Knopp shale
(Marvin Creek limestone zone) - - - — - - Marvin Creck 1ls.(Meadville 1s.)
DEVONILN SYSTEM
Conewzngo series
Riceville sta:e
(Riceville monothem) .
Oswayo shale member - - - - - - - —- — - "Red Bradford" of the 0il Region
Roystone coguinite member — - - - -« - - - Mistoken for the Murvin Creek ls.
Venen>o stage by some eoloJists.
(Venhngo monothem) —
Woodcack sandstone member - - - - - - - ~ First Venungo 0il sand
{Hosmer Run conglomerute)
(Tunc-Kilbuck conglomerate lens) Cattar
Sceperstown shale member auaus
Pope Hollow conzlomerate -+ Salsmenca HIRU
North Viarren shole member - formational : Second Venango oil scng -
Bimber Run canglomerute member~ suite : NBn L

amity shale
(Dutchments conclomerate lens)




Punama conglomer.te member- - - - - - ——
Chautzuguen series
Chedekoin stae - = = = = = o = = w = - « = = "Upper Chemung"
(Chadakoin monothem)
(Tanners Hill red band)

- Third Venungo cil sand,"Rolf Creek

Ellicott shale member ~ — - - = = - ~ w - "Pink Rock"
Dexterville shole member
Lillibridge sandstonc member - ~ ~ = - - ~ Querry ssnidstone

Girard staze
Gircrd shale
Cube sandstone

Canaduway scriesh

Northeast shile

Shunl: sandstone

Wwestfield shule - I. C. white's "Portage!
Leona sandstone

Dunkirk black shale

Chemung;
Falls Creek congzlonerzte

* After Chudwick
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Erie I»ip. To Study Pleistoéene and Recent Shore Line Features

ieave Headquarters at 9 A.M. Sunda&. Field Dress Not Needed.

Bradford to Corry. Group need not keep together in this stretch.
Follow Rt. 219 to Custer City; Rt. 56 west to Junction with Rt. 6;
Rt. 6 west to junction with Rt. 189 in north of Corry. PFrou
Bugar Run through XKinzua we follow the Allegheny River, a compos~
ite stream formed by the union of nany streams during Glacial
times. This stretch formerly flowed north into New York State

but later united with streams near Warren to take its present
course. At junction with Rt. 6 we pass from non-glaciated country
into an old fringe of glacial matcrial probably of Kansan or
Nebraskan agec. These continue to junction with Rt. 62, west of
Warren. From that point through Pittsfield to Frechold we cross
Illinoisan gravel areas. Beyond that wc see Wisconsin glacial
materials all the way to Eric., From Irvine to Corry we follow old
Wwide stream channcls, the Brokenstraw Creck and its tributarics
flowing cast. At Corry we reach thc divide and, to the west, the
flow is west along branches of French Crcek. The wide “through
Valley" condition leads us to think that the Brokenstraw and this
portion of Frcnch Creek may have at one time flowed west and north
into Lake Eric.

Corry: Meet at junction of Rt. 6 and Rt. 189 wherc Rt. 6 turns
sharply south into Corry., Mecet at 11 A.M. This is 69 miles from
Bradford.

Corry-Wattsburg. Rt. 189 north to Cutting N. Y, 6 miles. Left on
Rt. 74 follow a branch of French Crcek into Wattsburg.

Wattsburg-Northeast. Right at Wattsburg on Rt. 8, two miles to
Lowville. OStraight chead on Rt. 89. From Lowville to Greenficld
we cross the Cleveland Moraine. Note north-south drumlin-like
hills of gravel and one at Greenficld worked for its gravel. Three
miles beyond Grecnfield reach the divide at about 1500 ft. above
Sex level. Pre-glacial divide was milcs to the south. Note deep
gullies beginning the swift deccent to Lake Erie. They drop 900 ft.
in six miles carving out deep gorges known locally as *sulfs".
Strata here arc of "Chemung" age and we are on the north edge of thc

. Allegheny Plateau. Thence to Northeast we descend the BEscarpment

and as the road curves down it we will stop to get a view of it and
of Lake Erie in the distance.

Northcast. Lics on the Lake Plains province. City on plain, rep-
rescnting the shore line and bottom of @lacial Iake Whittlecoey.

The shoreline stands at 800 ft. A.T. of 227 ft. above Lake Eric.
Beach gravels and ridges should be seen at the railroad and along
Rt. 20 in Northcaut. Drive straight north through Northeast to-
ward Loke. First mile and a half we arc on the Whittlcesey Plain to
Junction with Rt. 99. Betweun this point ‘and the shorc we leave
the Whittlesey Plain and drop to the ncxt old Glacial Lake level,
Lake Warren.



Lake Warren beach ridges swing rather closeé to the modern bluff
here and we scc both in continuing down to the modern beach. Note
the beach 2t this point then return to Rt. 99 and turn right or
west on i,

Northeast to Brie. On Rt. 99 for 34 miles drive on fertile
Whittlesey Plain, with Forest beach and the Warren Plain on our
right. Then we descend to the Warren level and follow it to Eric
entering along 6th btreet. At Park and Ford Hotel, park and have
luach at Ford Hotel. After lunch drive down Statc Street tc the
wnari, dropping down from the Warren Plain at 2nd. Street tc the
Erie chore with the bluff very evident.. Note the good harbor sur-
rounded by the tree covered Presque Isle.

Erie-Precsque Isle. Return tc 6th. Strect and Rt. 99. Right or
west 4 mileg then right on Rt. 832 intc Presque Islc.

Presque Isle, a compound recurved spit of sand and shale fragments,
curving around Erie Harbor for seven miles and 2almost touching the
mainland cast of Eric, a narrow ship channel being maintained at
that point. The Isle is a well-governed State Park with 16 miles
of concrete roadways. Note the narrow neck of land connecting it
to the shore and the efforts to maintain this neck from erosion

by means of steel piling and rip-rap:. Keep to right road noting
the Bay on the right. Note the large trees on the older part of
the peninsula. Dr. Jennings says these indicate a peuninsula at
least €00 years old. Stop at Perry monument and old ship Wolverine
for a historic moment. Next stop. See shore phenomena and note

2 new point, Long Point, now a bird sainctuary. Peninsula built:
of a succession of such bars and intervening lagoons. Shore cur-
rents move mnterial castward. Return along north shore of penin-
sula noting sand dunes and protcctive measures.

Back to Rt. 99 and west on it 44 miles to Lake Shorc Golf course.
We arc driving on thc Whittlcsey Plain with the drop to the Warren
Plain on our right and the beach phenomena of Lake Whittlesey
about a mile to our left, along Rt. 20. At golf coursec we drive
down ovcr the beach line of Lake Warrcen and get a fine view of
such a beach 2nd terrace. Proceed to far end of Golf grounds and
w2lk down 2 small gully in the Lake bluff to the shore. In the
gully we sec very fine boulder clays carrying striated limestone
pebbles aind boulders, The clay also shows modern mud flows and
land siides. At the bauc we see the bed rock shales of Portage
age, the Northeast shales, non-fossiliferous. On the beach are
many fine glaci2l boulders, and sands, wave-panned in places to
show garnct and magnctite.

Party will disband a2t this point. Time should be 3 to 4 o'clock.
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OUTLINE OF
REFINING PROCESSES

KENDALL,




KENDALL, THE 2000 MILE OIL, 5/1/36

OUTLINE OF REFINING PROCESS \
Kendall Refining Company _ Bradford, Pa.
Here in the hills of Northwestern Pennsylvania is an 85,000 acre
area that has ylelded more wealth to its various owners than most
other areas of comparable size in the entire world. This is the

Bradford oll field - source of the world's premium price, premium

quality crude oil.

In the early 1870's, some twelve or fifteen years after Colonel
Drake drilled the first oil well in America (1859), the Bradford
0il field was discovered.‘ Since its discovery only fifty years

ago, nearly 350 million barrels of crude oil have been produced

from the)Bradford field.

Fig, 1 ’
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'Actually, the Bradford oil sand comprises only about 5% of the Penn-
syivania Grade 0il producing territory. XYet in 1935, the Bradford

field was responsible for 52% of the total Pennsylvania grade crude

oll production for the year.

To the casual observér, most of the Bradford territory 1s almost




2 Kendall, The 2000 Mile 0il

| primitive in appearance. The num-

Pig. 2 erous hills, heavily wooded with

Hre#EST PRIcE

timber, abound with game of all
Meanesr Quas-rty ¥

sorts. Hunters come many miles

for the fine hunting in deer and

bird seasons.

PETROLEUM MARKE'I' |

. POSTED PRI'OE FOR °
BRADFORD GRUDE DURING

So securely nestled very nearly

..................

in the center of this hilly terri-

s auaneTT T tory that it is invisible from an
o Lower District ....ceeeee 2.86-2.42

Southern Penn ssesevsee 217
Bureka .......es escenes 212

airplane five miles away, is the

veteran oil town of Bradford. The

ooooooooooooo

3mmet. e }Lf’:% ; most important industry in Brad-
I8 cegescsse eeasscscee ’ -
‘ %;?,‘::’;&& h%gca‘-&;: 133 , ford is the Kendall Refining Com-
anche and Ocean, Mich, 96
' meny | Petrolia, Canada ........ 3104, - pany, which has operated - on

North and North Central Texsas

Oldomys Contrnt Tonas - comene: | 1 exclusivels
en. n exas : . L -

| | Worthim Sang Panois” bem T ‘ Bradford crude oil exclus vely. -
|| B, T 4|
% eren of 0 cents for e =1, n o
"l groe of gravity begiaoing 30wl since 1882. One of the proudest
i 299 adt 9: ecml:ts.s 1;318«‘! ending with )
‘a. 8|40 and above a! . . .
wd| “Panhandle " District—below 85| claims of the Kendall Refining
| gravity, T contl, 40 and above 61 '
conts. s —

Oiiahoma—below 25 gravity, 78| Company is that its oils are re
cents, 40 and above, $1.18, :

East and West Tozns N" Mexico | fined from Bradford crude oil.
|} Bast Texas ........... 118}
gest 'rem Cvetreevenses B 0 ) exclusively. The Kendall Refin-
| | Winkler B _ ‘ o
§ ‘Bl 2 guu O”;‘z ts ¥ ¢
i dxfferz:tial a;zr;“ canuc.?or ;ictﬁ l line facilities and most of its
| degree ending at 40 and above at| : ) .
zz ka:::’uvg«whuoum. and| producing wells. All of these
‘ - ————— N .
Arkansas : )
| Wyoming and Montana | wells are within ten miles of the .
‘ ; gzina%:oggr, all gravities ..... 80 | o '
1 ] =k Bam” DI o) refinery. Wells not owned by the
| Lance Creek . ssscoccens 92 !
! e Gro oz 18 company are on adjacent proper-
| Osaze teesssaceecsscsncscsses 1081 :
Q‘“k -onou--o'-nonnno‘cno 1:91” ties’ omed’ in most cases’ X by

et Ty ot e A

company stockholders.




Kendall, The 2000 Mile 0il 3
Operating on the same uniformly high quality crude oil for over

fifty years, the Kendall Refining‘Company has been able to better
adapt its refining processes .to the production of the highest qual-
ity refined petroleum products than other refiners who are forced
to secure their crude supply from more than one field in the Penn-
sylvania region. (There are more than 270 dlfferent "sands" in
the region, each supplying a crude individual to itself but all

of "Pennsylvania Grade.“)

To central 3 I,—] B
powsr unit > -
-1 ;i;id Pumping Station
=== Fig. 3 From well to refinery.
ood t0 [ 011 sollects in the pocket blown in the
1900 feet- oy 01l sand by a nitro-glycerin "shot", after
: the well was drilled., It is pumped out of
the well to a field tank. From there it is
pumped, or flows by gravity, to the rofinory
orude oil storage tanks,
S
Y Sand

The process of refining oil, like the refining of any other raw
material, consists of removing impurities from the raw material,
and separating the refined product into its marketable components.
Briefly stated, the quality of the refined product depends on three
factore: (1) the quality of the raw’material (crude oil), (2) the
extent to which the impurities are removed, and (3) control of the
complete process to maintain uniform quality. The highest quality
oil will, therefore; be obtained from the highest quality crude,
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;efined by a uniform process in which a maximum of impurities are

removed.

Fig. 4

All of these products, and more,
are mixed together in the original
orude oil. The refining process
must segregate the useful products,
removing the impurities and wuste
material.

GAS MOTOR KEROSENE SEWING GEAR WHITE
CASOLINE e AX

MACHINE OIL OlLS

I |

’ SMALL MOTORS FRUIT JAR TOPS,
_LIGHT "AND AUTOMOBILE LAMPS SEWING AUTO GEARS | WAX PAPER,
HEAT AIRPLANES, ETC, STOVES MACHINES, ETC.| CHAINS, ETC. |INSULATION, ETC,

<

Wi - TEST NAPATHA  FUEL OIL  LUBRICATING PETROLEUM  COKE,TAR,
oiLs WAX GUM, E1¢.

GASOLINE ORY CLEAMWNG

WINTER  DRY CLEANING OIESEL FUEL. MOTOR OlL,IN~- COSMETICS, DISCARODED
STARTING  CIGARETTE  OIL BURNERS, DUSTRIAL Oil5, OINTMENTS  AS WASTE
LIGHTERS, ETC. ETC. BASEFORGREASE . ETC.

The original crude oil consists of all the products illustrated
above - gasoline, naphtha, kerdsene, fuel oil, lubricating oil,

gear lubricants, wax, impurities, etcetera - mixed together.

The first step in refining is a rough separation of the crude

oil by "distillation.”
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: Temperature - 190°
Fiso 5 !
Alcohol boils off, \

water romains.\\ ///5,
' F dw:wgh

b @

‘ 4-.. i AENPT i
Crude oil is & mixture of many compounds,
one has a definite "boiling point", As the
‘erude is heated, these compounds boil off -
are separated - as they reach their "boiling
point", or temperature, just as alcohol boils
away - separates - when the automodile is
overheated in winter,

5
The various com-

pounds in crude

01l have differ-

ent "boiling
points." Thus,
when crude oil

is heated to,

say, 10° F., a
very volatile high
test gasoline is
"boiled off."

When it is heated
to higher tempera—
tures, all of the
gasoline is boiled
or distilled off.

Next, kerosene, fuel oil, etcetera, are distilled in the order of

their boiling ranges.

Actually the distillation is accomplished as illustrated in Figure

4] (page 6). Crude oil is pumped from crude storage tanks (2) to

furnace (B). In passing through the furnace coils it is heated and

mostly vaporized at temperatures of 650 to 700° F. From the furnace

it enters the bottom of fractionating tower (C). As the vapors rise

in the fractionating tower, they pass through a series of baffles

(not shown) and become cooler. Thus, the top of the tower is nearly

400° cooler than the bottom of the tower, which is at nearly the out-

let temperature.

Vapors, rising through the tower baffles become cooler, condense,
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and fall on trays (J, 8, G, F), from which they are pumped to stor-

m
Gesoline to Condenser
M wgw '

Praotionating —>
Tower "C"

7 Kerosene:

Ycrude 011

Storage Tank
RA. .

_590°F.
"Wax Distillate”

"cylinder Stook "

Crude 011 Still
Furnace "A"

e —

age tanks. The gas-
oline vapors are so
very volatile that
they pass completely
through tpé tower
without condensing.
These gasoline vap-
ors are separately
condensed after
leaving the top
through pipe (K).

The heavy, rich
cylinder stock is
much too heavy to

be vaporized in the
tower. Consequently,
it drops to the bot-
tom of the tower and

is withdrawn through

pipe (E).

In the fractionating
tower the first rough
separation into six
basiec products has

been made. These

products must now be further separated and refined before they are

salable commodities.
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The gasoline, naphtha, kerosene, and fuel oil will not be considered

for the moment. "Wax Distillate" from pipe (F) near the bottom of

the tower is the first "fraction" or distillate containing useful

lubricating oil.

Kendall wax distillate is-a

‘pale straw-colored oili of

very light body. below a

temperature of about 75° F. -

it is cloudy and congealed

by crystallized wax. Vax

‘distillate actually contains:

1. Light (SAE 10) motor oil -
(called "viscous neutral”.)

2. Light (sewing) machine oil -
(called "non-viscous neutral'.)

3. Fuel oil |

4., Wax (called "white scale

Fig, 7

wax" - such as used for
At 50°F. the wax has congealed and the wax

distillate is solid. At 80°F. the oil is olear fpruit jar tops, wax paper,

and fluid. The wax distillate is dewaxed to
pour freely at zero in the wax pressing plant. candles, etc.)

5. Impurities ( small amounts of tars and gums.)

Kendall cylinder Stock is taken from the bottom of the fractionating
tower (C), figure 6. It is a heavy, dark green oil, congealed at
temperatures below 30 - 40° F. by the solidification of "petrolatum"
or "amorphous wax." The cylinder stock actually contains: ‘
1. Heavy (SAE 70) motor oil - (later known as "bright stock.)
2. "Petrolatum" or "petroleum jelly" - (this product refined
is commercial vaseline.)

3. Impurities - (tars and gums.)"




8 Kendall, The 2000 Mile 01l | 8
The products in which we are most interested are,vof course, the
finished dewaxed SAE 10 motor oil (viscous neutral), and the fin-
ished dewaxed SAE 70 motor oil (bright stock). When these oils are
refined, by mixing them in the proper prOportioﬁs a complete line
of motor oils results, from SAE 10 through SAE 70;

REMOVAL OF WAX
First, however, wax must be removed from the wax distillate and
cylinder stock. Wax in the';ight oil is called "white scale wax."®

At low temperatures it crystallizes into a matrix of solid crys-

" tals and flakes_which may be removed by forcing (pressing) the

oil through several layers of heavy can#as. The solid wax crys-

tals aré deposted on the canvas pads, and the oil passes through.

Insulated and refrigerated wt;.x 683 Ioom.
Wax distillate

from pipe "F* - . ’
in fractionating , o Wax Fress *
tower "C", Chilling l[[l
N Coils -u
Wax ) qd ¥y — o
| Distillaté Ww:ﬁ» 'T"
Storage AASY
Tank Toog teufosa®etiqrbiraedosasiiteaty
Dewsxed - _ -+
"Neutral” _ :
Storage Fuel 0il . - to storage tank
Re-run .
fractionating
tower —>

Light (sewing machine) oil - o filter

Called "non-viscous™ neutral

Light (SAE 10) Motor Oil = to filter
Called "Viscous™ neutral

Gas
furnace
burner Y

"Re~-run” furnace

Fig. 8 -~ Dewaxing and seperating the m—distillate.

The accompanying diagram, figure 8, illustrates the wax press.

The wax distillate passes from fractionating tower (C), figure 6, .

into the Wax DiStilLate Storage Tank. From here it is pumped

~into the heavily insulated, refrigerated wax press room. It is
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first chilled to very low temperature in coils equipped with jackets

through which refrigerant is circulated. Next it is pumped into the
wax press, which consists of alternate sheets of heavy canvas and
spacer discs. The wax is deposited on the canvas discs, and the
dewaxed oil oozes out of the edges of the canvas into a tray at the

bqttom as iliustrated in figure 8.

The dewaxed oil is then pumped to a storage tank, and eventually
into the furnace coils of the "re-run fractionating" tower. The

action of this tower is the same as the action of the crude oil

AN

Fis. 9

Left picture shows the ordinary dairy oream separator, Note the
similarity betwsen this and the Sharples Super Centrifuge at the
righte Both machines operate on the same principle. Centrifugal
foros is utiliged to separate the oream and milk in the cream
separator, and the petrolatum from the stook mixture in the
omnzdfugo.
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fractionating tower (C), figure 6, except that in this tower the

dewaxed (cold test) neutral is separated into 1light fuel oil, the
heavier "sewing machine oil" V(non-,-visco,u_s ,neutral), and a residue

of SAE 10 oil (viscous neutral.)

The fuel oil is pumped directly to stof-ag__e tanks. The non-viscous \
and viscous neutrals are punped to filt’%»rg !'wh;er_e impurities such

as tars and gums are removed. (Filtersf’v:,wi"ll_lbe discussed later.)

The wax in the cylinder stock differs f}oﬁ "white scale wax" in
that it only congeals at low temperatugé,ian@ does not crystallize.
It is called "petrolatum wax"

or "petroleum jelly", and the
refined product is marketed com-
nercially as "vaseline.". Be-
cause of its Jell& like consis-
tenéy,'this wax cannot be re-
moved by fil@ration or "wax
préssing" as the white wax 1is

removed.

The Kendall Refining Company
uses the Sharples Super Centri-

, - fuge for removal of petrolatum
Fige 10 The tube at the left ind-
icates the amount of wax in the orig- wax. The cylinder stock is first
inal orude oil. (The dark layer is

petrolatum - vaseline - wax from the diluted with naphtha (later re-

cylinder stock; the lower layer 1is )

white wax from the wax distillate.) moved by distillation) to cause T

The second tube from the left is the : o y :
. amount of wex usually removed to it to be pumped more easily. It

produce oils which the wax congeals

and/or olouds at 26°F, Xendall re=  is then chilled to about 60° below

moves the additional amount of wax
in the tube at the right, _Y'af_'w zero, and run through the centri-

: freely at gzero as a result of
this thorough de-waxing, _ fuge. This machine operates on
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the principle of the old fashioned cream separator, The heavy con-
gealed wax is thrown out of the cylinder stock solution by centrifu-

gal force, and is carried away in heated pipes.

Kendall Motor yils a;e'more thoroughly dewaxed winter agd §ummér -

than any other Pennsxlvania-oil.} Every grade of Kendall motor oil

from SAE 10 through SAE 70 is dewaxed to pour freely at zero temper—

ature.

AT

Fig. 11 50,000 ordinary electric home refrigerators -
would be required to dewax Kendall, the 2000 Mile 0il
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ance oils must be chilled to remove wax, the Kendall Refining Company

operates a most impressive refrigeration plant. This plant has a cap-

acity of approximately 500 tons of ice per day. This is the equiva-

lent of about 50,000 average size, electric home refrigerators oper-

ating twenty four hours a day.

REMUVAL OF TARS AND GUMNS

Tars and gums are removed by filtration through Fuller's Earth.

The dark colored tarry and gummy materials are left in the earth

Unused and used ("spent") Fullers
Earth, Note the very dark color
of the "spent" earth as a result
of the impurities which it has
"adsorbed”.

and the clean, purified oil

passes through.

(Fuller's earth is a porous
mineral resembling sandlin
general appearance. The ind-
ividual grains when magnified,
appear porous or sponge-like.
Fuller's earth 1s said to
"adsorb®™ the tarry, gummy
impurities and retain them in
the pores. Used or "spent"
earth may‘be rejuvenated many
times by burning the impuri-
ties out of the porous earth.
The action of earth 1n £il-
tering or purifying oil is
akin to the action of char-
coal or similar materials in

purifying the air passing

_through a gas mask.)
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F “
01l and impurities
enter here
| e RAS e
Impurities é’:‘f?ﬁ? 4
"adsorbed" by -;ééggyé¢$%ﬁ
Fuller's ?‘§§§§§g§;$
Earth in NSy
o filter e e
Purified air .,»’{;‘S_ajx;%féiﬁ
to inhalaterg AR
eSS
Impurities "_‘.4;7‘};’:“4?3'-
"adsorbed"here B 2% ’ﬁﬁﬁghéﬁf'
3 P ER T
AR
. o .' "\t’.‘?s&c!ﬁ
Impure air phad ‘}r:
enters here” AR , :
: R
‘ fﬁgﬁ, Outlet for
. : A Seserra o FEEtr o
The aotion of Fuller's Earth filters in 4
purifying oil is similar to the action of
a gas mask in purifying air,.

The neutral (light bodied) oils are dewaxed and then filtered.
The naphtha diluted cylinder stock mixture is first filtered, and

then dewaxed in the Sharples centrifuge machines.

The dewaxed‘filtefedlneﬁtfal oils are now completely refined. The
light (non-viscous) neutral oil is now Kendall 32 Lemon, used for

light duty, high speed machinery, electrical transformers and

‘switches, floor oil, etc. The heavier (viscous) neutral oil is

" now Kendall "B" (SAE 10 and 10W) Motor Uil, used for breaking in

new cars, winter lubrication of automobile motors, electric motors,

etc.
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kf'ter the naphtha diluent has been distilled from the dewaxed fili-,,
tered cylinder stock, the latter is called "Eright Stock", and ic

sold as Kendall "GGM" Motor vil, SAE 70. - . ’

Dy mixing Kendall Bright Stock and Viscous deutral in the proper

proportions all other grades of Kendall motor oil - "C" (SAE 20 l »
and 20%), "E" (SAE 30, "EE" (SAE 40j, "F" (SAE 59), "G"-(SAE‘GO},;
and "J" (SAE 70) - are formed. '

The gasoline and naphtha from fractionating tower (C;, figure 8,

subjected to chemical treatment for improvement of odor, and

&
3
[0}

are then ready for market.

The fuel oils from fractionating tower (C; and the "re-run®
tower, figure 7, are ready for use. These oils make excellent
LDiesel fuels, and also are suitable for oil burning heating

equipment,

Excess fuel oll, and wax removed from the lubricating oils are
transported to'a_Dubbs Weracking unit", and “re-forued" into
gasoline. The Dﬁbbs unit converis waste products ihtq high
quality anti-knock gasoline by "destructive distillation" us-
ing‘extremely high temperatures and pressures. (Kendall's Dubbs
Plant is one of the most ﬁodern plants In the couatry. Several
world's records for efficient operation are neld by this unit.;
Each barrel of bradford Crude Uil is separated and refined into .

the highest quality petroleum procucts, in the proportions

illustrated in figure 14.
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Fig. 14
4
Gasoline
¢ B
Vv 7;
NS
At
(i
Lubricating
\ 4%
) ' 0il
Petrolatum Wax-— G A SR TS ;
White scale wax'+ NN NN I TN N A AN W O \\\‘\\
Cokes, tars,

Kendall Gasolines are marketed within one hundred miles of the re-
finery. Kendall Purple and Kendall Ethyl gasolines are well known
in this territory for their clean burning, powerful, quick—Start-
| ing characteristics and their economical performance.

The refining proéess has been outlined in the most simple form.
Those parts of the process whichﬁwould tend to complicate the
picture have been eliminated. Actually, volumes haVe been written
on certain phases of refining such as the fractionating tower, the

wax removal plant, the cracking process, etc.

The folldwing table is presented to interpret the relative influence
of crude oil properties and phases of the refining process in terms

of performance.




VISCuS1TY INDEX

Viscosity index is a measure of
the change in bocy of an oil
with change in temperature.

Pennsylvania oils have high vis-
cosity index (show least tencen-
cy to thin out when heated,
thicken when couled.)

Kendall, the 2000 iile 0il, and

1Kendall 0.K. Gear Lube, refined

from 100% Bradford Pennsylvania
Crude Vil, naturally possess

high viscosity index. This means
easier col¢ weather starting, less
wear, less consumption, and better
piston seai.

WAX REMUVAL

Hligh quality crudes naturally
contain wax, which must be re-
moved to. procduce highest qual-
ity oils.

All grades of Kendall Motor Uil
are thoroughliy dewaxed to pour
freely at zero temperature. The
result is easier could weather
starting, andé cleaner engine
operation in summer.

LOW VOLATILITY

Low volatility (minimum ten-
dency to vaporize at engine
temperature) is essential if
crankcase oils are to show
least cunsumption.

Kencall Motor Uils, refined from
Bradford Pennsy -ania Cruce oil
by special Kendalil Processes,
have such low volatility that
0il vaporization does not take
place uncer the most severe
operating conditions.

GREATER STABILITY

~Motou: oils must be "chem -

cally stable" for clean oper-
ation, and resistance to
deterioration.

The exclusive use of the world's
premium crude oil contributes
natural stability to the 2000
Mile 0il. 1In Kendall's special,
mocdern refining processes the
few impurities which might de-
tract from greatest stability,
are removed.

ONIFURM HIGH

QUALITY

Oniformity is an essential
part of highest quality.

Kencéall Motor uils have been re-
fined from the same premium

crude oil for over fifty vears.
The refining process is controlled
within the closest possible lim-
its. The 2000 Mile Uil is re-
tailed only in numbered, tamper-
proof, refinery sealed cans for
your protection.
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