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T H E  C L A S S I F I C A T I O N  O F  O I L  S H A L E S  A N D  

C A N N E L  C O A L S . *

B y  A. L. D ow n , Ph.D ., A.R.C.S., D .I.C ., and  G. W . Him us, Ph.D .,
M .I.Chem.E., A.R.C.S.

Sy nopsis

A tten tio n  is directed  to  th e  confusion th a t  ex ists in  th e  nom enclature  and  
classification of n a tu ra lly  occurring oil-yielding m ateria ls . A system  of 
nom enclature based  on tho p rincipal p la n t a n d  m ineral co n stitu en ts an d  a  
classification show ing th e  in ter-relationships a n d  g radation  of p roperties of 
these substances is p u t  forw ard.

A t the  Plenary Session of the Conference on Oil Shale and  Cannel Coal, 
held a t  Glasgow in 1938, a  resolution 1 was passed “ T h a t the  Council of 
the In s titu te  of Petroleum  be invited to  take  steps to  secure a  standard  
nom enclature of the various oil-producing m aterials discussed or described 
in the various papers subm itted to  the  Conference.” The urgent need 
for such a standardized nom enclature, and  also for a  rational classification, 
is apparen t from even a brief study  of the literature. The object of the 
present paper is to  suggest a rational system  of nom enclature, coupled w ith 
a ten ta tive  classification which shall show the inter-relationships between 
the various classes of oil-yielding m aterials. W hile i t  is realized th a t  the 
proposed classification is no t final, in the opinion of the authors i t  is based 
on the m ost satisfactory d a ta  available, and  m ay serve as a  foundation on 
which fu rther classifications can be developed as our knowledge of the 
chem istry of these m aterials increases.

Great confusion has arisen from tw o m am  causes—firstly, owing to  the 
indiscrim inate use of tho term s “ oil shale ” and  “ cannel coal,” and 
secondly, due to  the great variety  of names which have been applied by 
different investigators to  one particu lar typo of substance. Thus, different 
deposits containing large num bers of algæ j  (i.e., similar to  th a t  a t  Torbane- 
hill, Scotland) have been variously referred to  as “ to rban ite ,” “ boghead 
coal,” “ algal coal,” “ a lbertite ,” “ stellarite,” “ bathvillite ,”  “ bitum inite,” 
“ kerosine shale,” “ brown cannel coal,” “ petroleum-oil-cannel-coal,” 
“ wollongite,” etc., the  last four being special names which have been applied 
a t  various tim es to  the  New South W ales “ boghead ” or “ to rban ite .” 
Of these names, only “ algal coal,” which was suggested by B ertrand  and 
R enau lt,2 gives any indication as to  tho nature  of the  m aterial. I n  any 
new system  of nom enclature i t  is essential, first, to  avoid names which have 
been widely misused hitherto , and secondly, to  employ term s descriptive of 
the  m ain constituents of the m aterials.

* P a p e r received 11th Ju ly , 1939.
f  A lthough there  h as been m uch  controversy  as to  th e  precise n a tu re  of tho  yellow  

bodies originally  called  “ a lg æ ”  by  E dgew orth  D av id  in  1889, th e  researches of 
K . B . B lackburn  a n d  B. N. T em perly  5 have, in tho opinion of th e  au th o rs , sa tisfac to rily  
se ttle d  th e  question  in  favour of th e  algal theory .

A A
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P r im a r y  C l a s s if ic a t io n .

Exam ination of the naturally-occurring m aterials from which oil can be 
obtained by heat trea tm en t shows th a t  they  fall into threo main classes : 
Class I, substances from which the greater p a rt of the organic m atter can be 
extracted  by the  normal solvents for petroleum ; Class I I ,  substances 
which yield 50 per cent, or more of their organic m atter as an  oil on heat 
trea tm en t, b u t from which only a small proportion of the  organic m a tte r 
can be extracted  by solvents; and Class I I I ,  m aterial formed almost 
entirely from highly altered p lan t rem ains which yield only about 15 per
cent. of the organic m atte r as oil.

O il-yielding M aterials.

C la is L  Class I I .  Class I I I .

Ivorogen R ocks. Coals of th e
Oil Sands, Oil Shales. P e a t A n t h r a c i t e
T a r  Sands, series.
B itum inous
L im estones.

D ecrease in  Decreaso in
soluble oil y ield  -j-
m ate ria l. organic m atte r .

These m ain groups are by no means sharply defined, and interm ediate 
types arc frequently m et. Thus, R . H. McKee, working on a  sample from 
lone, California, obtained 10-98 per cent, ex trac t with acetone and 10-1G 
per cent, ex trac t w ith chloroform, both  of which are equivalent to  approxi
m ately 50 per cent, of the  oil yield on distillation. The gap between Classes 
I I  and I I I  is bridged by the variety  of m aterials commonly referred to  as 
cannel coals.

The scope of the present paper is confined to  Classes I I  and I I I ,  the  de
tailed work required for its  extension to  Class I  no t y e t having been carried 
out.

Since the names “ oil shale ” and  "  cannel coal ” have been frequently 
misused, and since the  term  “ oil shale ” is misleading, whilst “ cannel ” 
gives no indication of the  nature  of the  m aterial to  which i t  is applied, it  is 
advantageous to  avoid using either. True oil shales contain no oil as such, 
tho oil is only formed by the destructive distillation of the  organic m atter, 
to  which Crum Brown applied th e  name “ kerogen,” or “ oil-former,” thus 
the  m aterials in Class I I  m ay be given the general group-name “ kerogen 
rocks.” An im portan t distinction between kerogen rocks and coals is the 
high proportion of mineral m atter in  the former. For the  m aterials bridging 
the  gap between Classes I I  and I I I  (formerly known as “ cannel coals ” ) 
the general name “ kerogen coals ” is suggested since th e  organic m atter 
yields a  relatively high proportion of oil and they are frequently associated 
w ith coals.

W hereas the banded constituents of bituminous coals m ay be sub-divided 
solely on a  basis of the  organic m atter, the  relatively small percentages of 
associated minerals being unim portant, in  dealing w ith the  kerogen rocks 
the chief mineral constituents m ust be taken into account. Only the general

?• * i I 4  / f  j
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diHerences can be detected  from the  exam ination of hand specimens and, 
in  the present sta te  of our knowledge, the  only satisfactory m ethod of 
classification of kerogen rocks is one based on their principal organic 
constituents, as revealed by microscopic exam ination, and th e  nature of the  
associated mineral m atte r as determ ined by chemical analysis.

G e n e r a l  C o n s id e r a t io n s  o n  K e r o g e n  R o c k s  a n d  K e r o g e n  C o a l s .

I t  is generally accepted th a t  in  the great range of organic deposits of 
sedim entary origin, the  source-m aterial was vegetable m atter, and animal 
rem ains played little  or no part. Strong support for th is view is found in 
the work of H . R. J .  Conacher,4 who made com parative tests on (inter alia) 
norm al Levenseat oil shale and on a  sample from a band crowded with 
shells of lingu la; he found th a t  although the  shells caused considerable 
increase in the  percentage of ash, the yields of oil, when calculated on the 
dry, ash-free basis, were identical w ithin the lim its of experim ental error. 
Moreover, there was no appreciable difference between the specific gravities 
and  setting points of the oils from the  norm al shale and the lingula band.

The existence of such a great range of related m aterials can be a ttribu ted  
to  tw o prim ary causes : (i) differences in the original p lan t m aterials, and 
(ii) differences in  the  conditions of deposition and the subsequent history 
of the  deposits. The num ber of interm ediate m aterials exhibiting a 
gradation of properties arises from the possibilities of m ixtures of the source 
m aterials in  various proportions and the  lim ited num ber of proxim ate 
p lan t constituents. There is no evidence to  suggest th a t  there has been any 
essential alteration in  the  composition or constitution of these proxim ate 
p lan t constituents through the  ages.

K e r o g e n  R o c k s .

The kerogen rocks arc sedim entary deposits, containing organic m atter, 
of which approxim ately 50 per cent, is yielded as an  oil when the  rock is 
heated  to  about 500° C .; they  are very widely d istributed, occur in con
tinuous seams, covering considerable areas, and m ay differ widely in age. 
They are not usually in tim ately associated w ith coal seams. The kerogen 
content is very variable, and m ay range from 50 per cent, upw ards to  
practically zero.

Exam ples of kerogen rocks of very  different geological ages are : 
Esthonian (Lower and Middle Ordovician), Swedish (Silurian), American 
(Tertiary), A ustralian and Brazilian (Recent).

The great m ajority  of kerogen rocks, when examined in  th in  sections 
under the microscope, show unresolvable masses of m acerated p lan t debris 
containing a few spores and/or algae. This organic m atter can only be 
called “ kerogen,” hence the rocks m ay be logically designated “ kerogen 
shales ” or “ kerogen limestones,” according to  th e  preponderating mineral 
constituent. Samples are found in which the organic m atte r consists in 
great measure of spores or algae and  where these recognizable constituents 
preponderate, i t  is suggested th a t the  word “ kerogen ” should be replaced 
by the  nam e of the  recognizable constituent which predominates.

Typical photom icrographs of representative kerogen rocks are shown in 
Figs. 1 to  4.
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K e r o g e n  C o a l s .

Kerogon coals are carbonaceous m aterials in  which the organic m atter 
is preponderant; they  occur in lenticular patches, usually over a  very 
lim ited area, and  often associated w ith bitum inous coals, w ith which they 
m ay form acom pound seam, or into which they m ay grade either laterally  or 
vertically. The m ajority  of kerogen coals which have been described are 
of Carboniferous or Permo-Carboniferous age.

Under the microscope, th in  sections show th a t the kerogen coals contain 
much m acerated p lan t debris w ith considerable num bers of either algae or 
spores, or bo th  spores and algae.

A num ber of these m aterials have been illustrated  and described by 
W. J . Skilling.6 Among these are the following : Lower D ysart, Fife, 
yielding 23-1 per cent, ash, is an  algal co a l; the H um ph (16-2 per cent, ash) is 
a  spore coal, while the  18-inch seam, New Cumnock, Ayrshire (16-2 per 
cent, ash), which contains both  algae and spores, is an  interm ediate type, 
or an  algal-spore coal. O ther examples of algal-spore coals are th e  Mercer, 
Pennsylvania, illustrated by R . Thiessen,7 and the K entucky, illustrated  by 
E . C. Jeffrey .8

Deposits are known the organic constituents of which are similar to  those 
of an  algal coal, b u t which contain large proportions (50 per cent, or more) 
of mineral m atter, predom inantly clay, and owing to  this high mineral 
content, these m aterials m ust be classified as algal shales, forming a link 
between the  two m ain groups of kerogen rocks and kerogen coals. The 
Ermelo algal shale consists o f masses of alga; embedded in a groundm ass of 
unresolvablo p lan t debris, as shown in the photom icrograph, Fig. 5. The 
proxim ate composition of this m aterial shows i t  to  contain kerogen and 
mineral m atter in approxim ately equal proportions; th e  mineral m atter 
consists of clay plus excess silica, w ith only 0-5 per cent, of carbonates. 
The P arro t Rough (Skilling, be. cit.) is a similar m aterial.

There is a related group in  which the organic m atte r consists alm ost 
entirely of alga), and in which the mineral m atte r m ay vary  from as little 
as 5 per cent, to  as much as 30 per cent. These m aterials are a  special 
interm ediate type between algal coals and  algal shales, for which the only 
logical name is “ algal rock,” since algie are the only im portan t constituent. 
T hat so few algal rocks are known is due to  the ra rity  of the occasions when 
the requisito enormous num bers of algaa, free from appreciable quantities 
of extraneous vegetable m aterials, became accum ulated and preserved.

The spore coals grade insensibly into the durain of bitum inous coals.
The foregoing conclusions as to  the  properties, differences, and  in te r

relationships of these groups of m aterials have been set out in tabu la r form.

C o n c l u s io n s .

1. N aturally  occurring oil-yielding m aterials can bo prim arily divided 
according to  the  solubility of the organic constituents in the usual solvents 
for petroleum.

2. The insoluble m aterials can be divided into kerogen rocks, kerogen 
coals, and members of the  peat-to-anthracito  series.

3. The various groups can be sub-divided according to  the chief p lan t
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constituents as seen in  th in  sections under tho microscope, and the  nature  
of the  m ineral m atter, where im portant. 

4. A rational nom enclature is based on the  nature of tho p lan t remains 
plus the  nature of the  mineral m atte r (where im portant), prefixed by an 
adjective explanatory of the  locality from which tho ma terial was obtained.
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Department of Chemical Technology, 
Imperial College, S .W .l .  

5th Ju ly , 1939.
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General Definitions 
and Field Rela
tions.

Principal Organic 
Constituents.

Principal Mineral 
Constituents.

Structure.

Proposed
Nomenclature.

Examples, using 
Present Name.

Proposed Names.

Microstructurc.

Conditions of 
Deposition.

Proximate
Composition.

Kerogcn
Clay
Excess Silica 
CaCO,
MgCO,
FeCO,

Approximate ratio 
oil yield 

organic residue"

T H E  CLASSIFICATION OF K ERO G EN
SHOWING THEIR INTER-RELATIONSHIPS AND

KEROGEN ROCKS.
Sedimentary rocks containing organic matter which, 
on distillation, yields an oil, equivalent to approxi
mately 50% of the organic content. Occur in con
tinuous seams, covering considerable areas. Generally 

not associated with coal.

Spores.

Clay.

Laminated.

SPORE
SHALE.

Tasmanite.

TASMANIAN 
SPORE SHALE.

Large numbers of 
llatteued spore 
cases, embedded 
in One mudstone.

Algæ.

Limestone.

Macerated plant 
debris.

Limestone.

Massive.

ALGAL
LIMESTONE.

Kukcrsitc.

ESTl IONIAN 
ALGAL 

LIMESTONE.

Masses of algæ 
with shells and 

silt.

Clftj".

ninatcd.

Varying amounts of plant 
debris, not highly compact, 
with a few spores, algaj and 
crystals of mineral matter 
(calcite, dolomite, pyrite, etc.) 
in a brownish matrix lacking 

visible structure.
Fish remains.

Algæ and 
macerated 

plant debris.

Clav.

Microclastic.

ALGAL
SHALE.

Ermelo Torbanite. 
Stellarite.*

ERMELO 
ALGAL SHALE.

PIOTOU 
ALGAL SHALE.

Decrease in algal 
content.

<------------------------
Increase in drifted 
constituents, i.e. 
plant debris and 

mineral matter.

Organic matter Organic matter Organic matter accumulated partly Organic matter
mainly drifted, accumulated in  in  situ , partly drifted. accumulated

situ. mainly in  situ.

Tasmanian Esthonian Kohat Broxburn Main Ermelo
Spore Shale.11 Algal Limestone. Kcrogen Shale. Kerogcn Shale. Algal Shale.

26 52 11*85 26-0 53-G5
27 9-25 41-95 45-2 31-3
38 5-75 8-0 8-4 11*3

IjOio 20-95 20-3 2-1 r i— — 7-35 1*95 •j 0-5 t
— — 3-5 9-0 I  J

Ermelo Algal 
Shale.

0-G

Oils obtained on carbonisation at 500° to G00° C., often contain paraffin wax (up to 10%), 
generally contain less than 10% of material soluble in aqueous caustic soda and have a 

calorific value of over 17,000 B.Th.U.’s per pound.

Note (1). Proximate compositions in italics are calculated from data given in references 11 and 12. The remainder from analyses 
by the authors.

Note (2). References G to 10 are to photomicrographs of the examples cited.
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ROCKS AND K ER O G EN  COALS.
THEIR GRADATION INTO BITUMINOUS COALS. 

KEROGEN COALS.
Carbonaceous materials, in which the organic matter preponderates, 
occurring in lenticular patches, usually over very limited areas. 
Often associated with bituminous coals, with which they may form 
a compound seam, or into which they may grade either laterally 
or vertically. The majority are of Carboniferous or Pcrmo-Carbon- 

iferous age.

Algæ.

COALS.
Accumulations of fossilized plant debris, forming 
seams covering considerable areas, associated 
with relatively small amounts of mineral matter. 
On distillation, yield about 10% of the organic 

matter as oil.

§ Ł
p. s
t£>
w 9

Algte and Spores and
macerated macerated

plant debris. plant debris.

Relatively small proportion of 
mineral matter.

Microclastic, exhibiting sub-conchoidal 
to conchoidal fracture.

ALGAL
ROCK.

ALGAL
COAL.

Heterogeneous 
mass of decom
posed vegetable v 

matter.

Single fragments 
of decomposed 

vegetable matter.

M ix tu re .

■ Relatively small proportion of - 
mineral matter.

Massive. Laminated. Lenticular.

Joadja Creek 
Shale.7 

Torbauehill 
Mineral.*

JOADJA CREEK 
ALGAL ROCK. 
TORBANEFQLL 
ALGAL ROCK.

Lower Dysart 
Cannel, 

Fifeshire.*

LOWER DYSART 
ALGAL COAL.

A mass of pale yel
low algal colonies, 
so dense as to leave 
very little opaque 

matrix.

ALGAL-SPORE
COAL.

Mercer Cannel Humph Cannel, 
Pennsylvania.7 Lanarkshire.4 

Kentucky 
Boghead'.8

MERCER ALGAL- IIUMPH SPORE 
SPORE COAL. COAL.

KENTUCKY ALGAL- 
SPORE GOAL.

DURAIN.10 CL AR A IN.18 VTTRAIN.10

Banded Constituents of British Bituminous Coal.

Increase 
in algal 
content.

Increase in macerated 
plant debris, but not In 

mineral matter.

A mixture of algse, Decrease A concentrated mass Thin bands
spore cases and bit.s in algal of micro-and macro- and shreds
of cuticle, embedded content. spore cases, cuticles of vitraiu
in a groundmass of ------------>- and fragments of anddurain.
highly decomposed spores and cuticles,
plant debris. Often and resin lumps,
a greater proportion embedded in an un-
of matrix than recog- resolvable mass of
nlsable constituents. macerated plant

debris.
Fish remains.

Very nearly homo
geneous black mass. 
Usually each shred 
is a single piece of 
plant debris in an 
advance state of 
decay and highly 

compressed.

Organic matter 
accumulated in 

situ .

Joadja Creek 
Algal Rock.1* 

93 
3-2 
3*5

Traces, j

Organic matter accumulated partly 
in situ  and partly drifted.

 >-
Increase in proportion of drifted 

material.

Vegetable debris generally accumulated 
in situ. Sometimes drifted.

On account of the low proportion of mineral matter, a knowledge of its 
proximate composition is of little significance.

Joadja Creek Lower Dysart
Algal Rock. Algal Coal.

10 W

Torbanehlll 
Algal Rock. 

5-7

Humph Spore 
Coal.
0*6 The ratios for a number of British bituminous coals 

were all of the order of 0*2.

Oils obtained by carbonisation at 500° to 600° C. 
do not contain paraffin wax, generally contain 
upwards of 30% of material soluble in aqueous 
caustio soda and bave calorific values of approxi

mately 16,000 B.Th.U.’s per pound.
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D I S C U S S I O N .

C ai-t. W . H . C adm an (Anglo-Iranian Oil Co.) : A t tho final P len ary  M eeting o f  tlio 
successful first In te rn a tio n a l Conference on Oil Shale an d  Canncl Coal, organized by  
th is  In s titu te , an d  w hich w as hold in  Scotland in  Ju n o  1938, ono o f th e  Sectional 
R esolutions su b m itted  an d  carried  unan im ously  called for steps to  bo tak en  to  securo 
a  s tan d ard  nom enclature  o f tho various oil-producing m aterials.

In  tho discussion on somo o f tho  papors p resen ted  to  th e  Geology an d  M ining Section, 
an d  also to  tho R e to rtin g  an d  R efining Section, tho  u rg en t need for a  s tan d ard  an d  
ra tio n al system  of nom enclature  w as revealed an d  w as frequently  rem arked  upon. 
On m any  occasions a tte n tio n  w as d irected  to  th e  absolute  necessity  for th e  form ula
tio n  of a  s tandard ized  and  in te rnational classification of coals and  oil shales, in  ordor 
to  rem ove anom alies on th e  sub ject o f term s. Confusion frequently  occurred owing to 
th e  m isapplication  o f tho to rm s “  oil shale,”  “  cannol,”  “  to rban ito ,”  “ boghead,”  and  
“  p a rro t coal,”  as u sed  b y  different m om bcrs. Those w ords were frequen tly  applied 
in a  v e ry  loose m anner as desoriptivo nam es. T h is confusion in nom enclature  was no t 
due m erely  to  tho  m an y  difforent countries represented  a t  tho Conference, as i t  was 
also found to  oxist am ongst different represen tatives o f tho sam e country . The 
anom aly  was p a rtly  explained b y  G. W . Loppor, when discussing W . J .  Skilling’s 
pap er to  tho  Conference on tho “  N aturo  o f Sco ttish  C annels,”  in  his rem arks th a t  
“ while, thorcforo, from  tho p o in t o f  view  o f tho  technical chem ist, concerned w ith  
oil production , tliero m ig h t bo an  a lm ost im perceptib le g raduation  in  his raw  m aterial, 
from  poor oil shalo, th rough  richor oil shale to  loan cannels, richer cannels, an d  finally 
to  to rban ito , to  tho  geologist, oil shalos an d  cannels wcro lithologically d is tin c t.”

In  tho soction on  "  Oil Shalo Occurrence an d  Geology ”  in volum o 4 of tho “  Science 
of Po tro leum ,”  i t  is also p a r tly  explained b y  H . R . J .  Conachor, where he says th a t  
whilo tho  term  “  oil shalo ”  is precisely applicablo to  tho rocks or tho m ateria l w hich 
is w orked on a  largo scale in  tho  L oth ians o f  Scotland, “ com m ercial p ractice  has 
oxpandod its  m eaning to  includo all m anner o f m ateria ls from  wliich m ineral oil can be 
ob ta ined  b y  d istillation . Consequently i t  is now  applied  to  a  n u m b er o f  cases which 
lithologically aro n o t shalo, an d  w hich differ from  th e  Sco ttish  typo  also in  tho na turo  
o f th e ir  organic m atte r , and , consequently , in tho ch aracte r of the  oil ob tainab le  from 
th em .”

According to Conachor, a  reduction  in tho am o u n t o f m ineral m a tto r  o f a  shalo of 
tho L oth ian  typo  resu lts  in  i ts  g radual change in to  a  to rbanito .

A nother R esolution w hich was passed a t  tho P len ary  M eeting was a  R ecom m enda
tio n  to  tho In s ti tu te  o f Petro leum  to  consider tho question o f holding a  sim ilar confer
ence on  oil shalo and  cannel coal w ith in  tho n e x t ten  years. I t  is g ratify ing  to find 
th a t  in loss th an  tw o years from  tho da te  o f tho Conference held in  Scotland, a  serious 
effort h as boon m ade by  such em inent workers in  th is  field as D r. Down a n d  D r. H im us 
to establish  a  system  o f universal nom enclature  for oil shales an d  cannol coals. 
W h ether th e ir a tte m p t will m eet w ith  universal approval o r n o t rem ains to bo soon.

Tho In s titu te  o f Petro leum  in  publish ing th is  p ap er is m aking a  step  forw ard to  tho 
securing of a  s tan d ard  nom enclature. T he au th o rs  have avoided, in tho ir system  of 
nam es, thoso w hich havo beon w idely m isused h itherto , and  instead  havo em ployed 
term s w hich aro descriptivo o f tho m ain  constituen ts o f tho m aterials.

W hilst m an y  m ay  agree w ith  tho au th o rs  th a t  i t  w ould bo advantageous to  avoid 
using such nam es as “  oil shalo,”  “  cannol coal,”  etc ., th e  fact rom ains th a t  thoso nam es 
have beon in local an d  genoral use for so long th a t  i t  is doubtful w hether even p ro 
hib ition  by  a n  A ct o f  P a rliam en t w ould p rev en t people from  using them , including 
thoso who know th a t  truo  oil shalo con tains no oil as such, b u t  only produces oil when 
tho organic m a tte r  i t  con tains (kerogon) is sub jected  to  destructive  d istillation  by  
h ea t, a n d  thoso who know  th a t  no “  cannel coal ”  is to -d ay  being used  for tho  p ro 
duction  o f sm oky lum inous flam es resem bling the  early  ‘ ‘ candles ’ ’ when burning.

Tho a u th o rs  bold ly  propose an  en tire ly  new  nom enclature, to  bo based on th e  na tu ro  
o f tho  p la n t rem ains an d  on tho  n a tu ro  o f tho m ineral m a tte r  (whoro im p o rtan t), p re 
fixed b y  an  ndjectivo exp lanato ry  o f tho locality  from  w hich tho m ate ria l w as ob tained. 
T h u s Sco ttish  oil shalo becom es “ B roxburn  m ain  kerogen shale S co tland ,"  tho  
E sth o n ian  oil shale kukersito  becom es “  E sth o n ian  algal lim estone,”  South  A frican 
E rm elo to rban ito  becom es “  E rm elo algal shalo,”  and  so on.
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I t  is  difficult to  see how tho  au th o rs  w ould d iscrim inate  betw een “  Torbanehill 
m inorai ”  (torbanito), “  boghead  cannel,”  and  “  p a rro t coal,”  in  all o f w hich tho algal 
co n ten t is high. I t  will bo rom em borod th a t  tho first two nam es bocamo o f historic  
in te res t on accoun t o f tho controversy  w hich arose concerning tho n a tu ro  o f tho 
m ateria ls in  1853 an d  w hich led to  a  law suit.

Professor H ickling, who oxam inod a  very  largo num ber o f cannois m icroscopically, 
found  w h a t ho term ed  a  typ ica l cannol to  consist o f “  very  sm all shreds o f v itrain-liko 
m aterial, in  lam inar stru c tu re , an d  to  differ from  durains by  a lm ost comploto absonco 
o f a)gæ, b u t b y  tho presence o f sporo exinos, cuticles an d  resins in  som e q u a n tity .”  
F rom  th is, D r. M ott concludes th a t  i t  w ould app ear th a t  th e  source o f oil from  typ ica l 
cannois m ay  bo tho resinous m a tte r  p resen t. Mr. Skilling p o in ts  ou t th a t  tho m ateria l 
w hich Professor H ickling regards as a  ty p ica l cannel w ill n o t b u m  w ith  a  sm oky 
lum inous flame, such as has alw ays boon regarded as a  characteristic  to st for a  cannel 
coal.

I t  is to  be hoped th a t  tho au th o rs  will carry  o u t m ore deta iled  w ork in  tho near 
fu tu re  on tho  lines o f tho  p resen t papor, in  o rder to  b ring  o th er oil-yiolding m ateria ls 
info tho  classification thoy  have  outlined, a n d  particu la rly  those o f Class I, w hich 
includes tho  oil sand, t a r  sands, an d  b itum inous lim estones w hich havo n o t boon 
included in tho paper.

Thoy havo dono a  real sendee b y  including a t  tho ond of th e ir  papor a  tab u la ted  
classification o f m any  kerogon rocks an d  kerogon coals, show ing th e ir in ter-rela tionship  
an d  tlioir g radations in to  b itum inous coals. I n  th is  tablo thoy  give th e  nam es com 
m only  used a t  p resen t, sido b y  side w ith  tho new  nam es now proposed for them  in th is  
systom  of nom enclature. A s th is  classification gives, for tho  first tim e, a  ra tional an d  
scientific definition o f th e  p resen t nam es is th ere  really  a n y  need to  avoid  tho  uso of 
these old nam es, p rovided thoy  are only used as defined by  th e  au th o rs  o f th is  valuablo 
papor ? Surely tho  proposed nom enclature should p rev en t m isapplication  o f tho old 
te rm s in  fu ture.

>
M r. J .  M c C o n n e l l  S a n d e r s  (AsiaticPetroleum  Co.) : Scientific classification has boon 

defined 1 as “  tho  form ulation  of a  schem e o f m u tu a lly  exclusive and  collectively 
exhaustive  categories, based on tho m ost im p o rtan t characteristics o f tho th ings 
concerned, an d  tho ac tual re la tions botwoen th em .”

F o r p ractica l reasons th is  definition requires am plification so a s  to  ind ica te  tho 
m eans w hereby tho  im p o rtan t characteris tics referred to  m ay  be ascertained  and 
com pared. T h is becom es o f increasing im portance whon specific te rm s are  em ployed 
in tho classificatory nom enclature w hich are n o t self-explanatory.

Before com m enting upon  tho very  com prehensive system  outlined by D ow n and 
H im us, i t  should be po in ted  o u t th a t  tho resolution passed b y  th e  P len ary  Session of 
tho Conference on Oil Shale and  Cannol Coal in  1938 invited  tho In s titu to  o f Petro leum  
to  consider tho  nom enclature  o f th e  various oil-producing m ateria ls discussed or 
doscribed in  tho  various papers su b m itted  to  tho Conference.

W ith  tho  exception o f cannol, no varie ties o f coal en tered  in to  tho  deliberations o f 
tho Conference, lionco th o  extension  of th e  now  proposed schome so as to  include tho 
classification o f coals o f  th e  p e a t-an th ra c ite  series is som ew hat outside th e  scopo of 
tho original inv ita tion .

Moreover, tho  classification of coals has a lready  boon tho  sub ject o f  consideration 
by o th er In te rn a tio n a l Conferences, and  according to  R edm ayno 2 tho  b est o f theso 
classifications w as th a t  ad op ted  by tho  In te rn a tio n a l Geological Congress held  a t  
Toronto  in 1913.

U nder th is  schem e coals wore d iv ided  in to  four m ain  classes and  throo sub-classes, 
and  it  included no t only cannel, b u t  also lignito an d  brow n coal. I t  is n o t proposed to  
discuss tho m erits o r dem erits o f tho T oronto  schemo, th e  basis o f  classification boing 
en tire ly  différent from  th a t  proposed b y  Down a n d  H im us.

Nevertholoss, tho suggestion b y  tho la tte r  th a t  tho classification o f oil-yielding 
m ateria ls should  com prehend coals w hich under certa in  conditions m ay  bo said to  
also y ield  oils is en tire ly  ra tional, an d  w orthy  o f careful consideration.

As is well know n, low -tom poraturo coal ta rs , a n d  especially vacuum  tars , conta in  
co n stitu en ts  w hich a re  iden tical w ith  substances found  in  petro leum , an d  w hereas a 
high-tem pe ra tu re  ta r  is  m ain ly  a rom atic  in  cliaraeter, a  low -tem pcrature  one is 
paraffinoid.

I t  is therefore necessary to  closely define tho  conditions un d er w hich oil is produced
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b y  h e a t trea tm e n t if, as proposed b y  D ow n and  H im us, th e ir  Class I I  (oil shales) aro 
to be defined as “  substances w hich yield 50 p e r cent, o r inoro o f tho ir organic m a tte r  
as oil,’’ an d  are  th u s  to  bo d istinguished from  Class I I I  m ateria ls w hich yield only 
16 pe r cent, as oil.

I t  is truo  th a t  theso definitions are tak en  in conjunction w ith  th e  relativo solubility 
o f th e  organic m a tte r  in  “ norm al solvonts for po tro leum ,” b u t  tho  la t te r  expression 
is som ew hat am biguous, b o th  a s  regards th e  na tu ro  o f perm issible solvents an d  the  
conditions o f ex traction . A s will bo no ted  later, h e a t trea tm e n t o f tho  m ateria l 
before app lication  of a  solvent m igh t bo considered a  legitim ate m othod o f ascertain ing 
th e  n a tu ro  o f tho  organic m a tte r  prosont.

Thoro w ould appear, however, little  difficulty in  se ttling  these deta ils o f p ractica l 
procedure an d  adopting  tho p rim ary  classification in to  tlireo m ain  classes. A s regards 
nom enclature, i t  is n o ted  th a t  i t  is proposed to  abandon  tho  nam es “  oil shalo ” and  
“  cannol coal,”  tho  first on th e  ground th a t  i t  is m isleading, an d  tho second because it  
gives no  ind ication  o f tho  n a tu ro  o f th e  m aterial.

On tho  o th er hand , b o th  theso torm s aro v e ry  firm ly established, a n d  it  w ould bo 
difficult to  replace th e m ; n e ither should i t  bo necessary if  thoir m isuse could bo 
ob%'iatod b y  a  m ore prociso definition o f th e ir  own m eaning or th a t  o f tho te rm s to 
w hich th ey  aro frequently  m isapplied.

Oil shalo is perfectly  well understood by technologists to  m ean “  a  shalo capablo of 
y ielding oil ”  an d  i t  is no m ore m isleading th an  such te rm s a s  “  oil seed,”  “  oil cake,”  
a n d  “  oilstono,”  in  w hich threo  d istin c t m eanings aro a tta ch ed  to  tho w ord  “ o i l ”  
a n d  only ono of tho  substances concerned is understood  to  con tain  oil as such.

Again, i t  m ig h t bo con tended  th a t  tho te r m “  cannol,”  i f  i ts  derivation  from  “  c an d le”  
is accepted, does in  fact indicato tho n a tu ro  o f tho m aterial, o r a t  least ono o f i ts  
p roperties. A p a rt from  th is, canncl comes un d er Class C o f tho T oronto  classification 
of coals, and  th u s  earns tho r ig h t to re ta in  i ts  placo am ongst technological term s.

A ctually  thoro is a  v a s t nu m b er o f accepted  te rm s in  technology w hich givo no 
indication  of tho  n a tu ro  o f tho m ateria l to  w hich th ey  aro applied, a n d  y e t are  useful 
a n d  convenient os typo  designations in  a  elassificatory scheme.

I t  is suggested th a t  tho  proposed a lte rn a tiv e  to rm s “  kcrogen rock ”  an d  “  kerogen 
coal ”  should  proforably bo om ploycd in th e  ad jec tiv a l form , since kerogon is a  su b 
s ta n tiv e ; an d  th a t  tho  p rim ary  classification should bo modified so as to a d a p t itse lf 
to  tho classification o f sed im entary  reeks suggested b y  H . B . M ilner.3

T h u s tho la tto r’s m ain  group “  B  ”  (Rocks o f organic origin) could havo its  fou rth  
sub-division “  B4 ”  (Carbonaceous rocks) changed as follows :—

B,.

11,1.
Bituminous Rocks.

ltocka yielding oil or tar by destructive distillation.

Character.
Arenaccou-s
Calcareous
Argillaceous
Aspiialtic

B,2.
Kerogenous Rocks.

T ype.
Oil sands 
Tar sands 
Bituminous 

limestone 
Oil-bearing 

shales 
Native asphalts 
Gilsonite

Character.
Calcareous
Argillaceous

Calcsreo-
argillaccous

Sapropelic

B,3.
Carbonaceous Rocks.

T ype. 
lvukersite 
Scottish oil 

shales 
Tasmanltc 
Koliat oU shale
Torbanltcs
Bogheads

Character.
Anthracitic

T ype.
Anthracite and 

semi-anthra
cite

“ Bituminous” Bituminous 
coal

Kerogenous Canncl coal 
Lignitic Lignite

Brown coal 
Sub-lignltlc Peat

T he p ractica l app lication  of th is  schomo as a  p re lim inary  sorting  to st does n o t require 
a  v e ry  elaborate  procedure. All tho sed im en tary  rocks considered y ield oil o r ta r  b y  
d is tilla tio n ; those in  G roup B , 1 aro distinguished from  those  in  tho o th er two groups 
by  tho  g rea ter so lubility  o f th e ir  organic m a tto r os proposed b y  D ow n a n d  H im us. 
Group B j2 differs from  B ,3 in th a t  carbonization  o r “  coalification ”  has advanced  to  a  
g reater dogrco in  th e  la tte r. T h u s b lack  cannol is considered as a  kerogenous coal, 
w hereas tho lighter-coloured ty p es o f  cannel w hich m ay  con ta in  a  re la tively  larger 
p roportion  o f preserved organic rem ains (kerogon) a re  considered as Sapropelic 
kerogenous rocks.

The secondary classification proposed by Down a n d  H im us is based  on th e  a ssu m p 
tion  th a t  tho  organic rem ains, w hich co n stitu te  tho  kerogen in  somo o f  those oil- an d  
tar-y ield ing  m inerals, can be read ily  a n d  definitely identified as e ither alga; o r spores.
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I t  is truo th a t  tho w ork of B lackburn  an d  Tcm perloy has show n m ost convincingly 
th a t  tho “  yellow bodies ”  in  a  n u m b er o f cannols an d  bogheads a re  tho rem ains o f an  
a lga very  sim ilar to  tho living Bolryococcus B raun ii, b u t  tho  position  regard ing  tho 
identification o f o th er organic m a tte r  a s  spores is  n o t so clear cut.

As po in ted  ou t by  Stopes an d  W heeler,4 a  group o f crushod, sem i-decayed, o r 
bacteria-invadod sporos m ay sim ulato  o th er p la n t rom ains o r algas o f various so rts . ' 
I t  is also possible, especially in tho  caso o f m icrospores, th a t  thick-w alled resting  spores 
o f algjo aro alono preserved, o r  p a rtly  so, in w hich case th e  m ate ria l contain ing  th em  
should righ tly  bo designated  as ‘ ‘ algal.’ ’

There is a  fu rth er objection to  th e  use o f th e  term  “  algal ”  w hen applied in  con
nection w ith  sedim ontory rocks, in th a t  i t  is liable to  bo confused w ith  tho sam e term  
as com m only em ployed to  designate rocks, b u ilt u p  o f o r con tain ing  fossilized o r 
m ineralized algae

T hus D ow n and  H im us use tho  torm  “  algal lim estone ”  to  classify rocks o f tho 
E sth o n ian  ICukorsito typo, b u t  am ong petrographors tho to rm  is used  to  classify  lim e
stones w hich con tain  o r aro m ado up of tho rem ains o f such algse as Lithotham nion  or 
Chara.

E ven  tho m ore general torm  “  algal rock ”  m ig h t bo criticized from  th is  viowpoint, 
for, according to Solm s-L aubaeh,5 u n doub ted  Liihothamnicc are ab u n d an t th ro u g h o u t 
tho series o f T ertia ry  deposits, a n d  in  som e localities form  alm ost tho en tire  m ateria l 
of th ick  layers; thoy  compose tho  granito-m arblo o f th o  N um m ulitic  rocks.

Tho question arises w liethor i t  is necessary o r desirablo to  a tte m p t such  a  fino 
d istinction  botweon algae an d  sporos a s  being respectively  ind icative  o f  d is tin c t 
ty p es o f kerogon. Tho p a s t  h is to ry  o f investigations re la ting  to  th e  la tte r  shows only 
too clearly  th a t  tho p ractica l identification o f tho ‘ * yollow bodies ’ ’ has been a  m a tte r  
o f such difficulty th a t  ovon oxpcrioncod observers have  been co n ten t to  a d o p t Crum 
B row n’s indefinite te rm , o r som othing equally  noncom m itta l.

Som etim es bodios o f sporo-liko appoaranco have  been doscribed as rosins, tho 
description being subsequently  abandoned  on tho g round  th a t  thoy wore insolublo in 
tho usual rcsin-solvents. A lthough in somo cases tho  a c tu a l organized rem ains havo 
been identified as sporos or algae, i t  is w orthy  o f noto th a t  rosinous m a tte r  m igh t well 
havo been presen t, sinco sovcral fossil resins aro know n to  bo insolublo u n til th ey  havo 
been h ea t-trea ted , and  it  is a  well-know n fac t th a t  tho  am o u n t o f organic m a tte r  re 
m ovable by solvonts from  kerogenous m ateria l is increased by  h e a t trea tm en t.

Englor 8 s ta te s  th a t  certa in  insoluble “ b i tu m e n s”  becomo solublo a fte r  h e a tin g ; 
Vignon 7 showed th a t  tho a m o u n t ox trac tcd  from  coal by  trea tm e n t w ith  pyrid ine, 
aniline, an d  quinolino increased in tho samo order as tho increaso in boiling p o in t o f 
tho  solvent, w hilst McKoo an d  L ydor 8 hold the view th a t  tho decom position o f kerogon 
by  heat, to  form  oil tak es placo in  two stages, th e  insoluble kerogon being first con
v erted  in to  a  solublo form  w hich is unstab le  tow ards hea t, th is  on fu rth e r heating  
giving oil o f tho  potroloum  typo  of h igher sa tu ra tio n  an d  g reater s tab ility .

Tho p resen t w riter has found rosin droplets, in  th e  insolublo form , p resen t in  sovcral 
varie ties o f crudo petro leum , and  often  accom panied b y  spore cases, p a r tly  decom posed 
p la n t debris, an d  algal rom ains. Som etim es thoro havo boon found  in  tho  sam o crude 
oil fragm ents o f w oody tissue in  w hich th e  cells lining schizogenous resin cavities were 
perfectly  preserved, w hilst resin  w as found dissolved in  tho  oil.

Resinous m a tte r  in coals, cannols, and  lignites has boon th e  sub ject o f  oxtonsive 
investigation , and  i t  appears to bo tho consensus o f opinion th a t  resin, waxes, an d  h igher 
fa tty  acids havo exorcised som e k ind  of p ro tec tive  function  in  preserving th e  cuticles, 
spore cases, pollen oxinos, b ark , a n d  cork w hich are  found  in carbonaceous rocks.

Those considerations seem  to p o in t tho  w ay  to  tho conclusion th a t  tho  real kerogon—  
th e  oil-form er— does n o t en tire ly  resido in  tho cu ticu lar skeletons o f alga;, tho o u ter 
coatings o f  spores, o r tho relics o f p la n t tissue, a lthough  those organic rem ains m ay  
con tribu te  to  tho com position o f th e  oil o r ta r  produced b y  d istillation .

In  fact, as a  basis for classification, i t  w ould app ear th a t  spores an d  algio, o r any  
o th er em balm ed organic rem ains, are n o t m u tu a lly  exclusivo no r collectively exhaustive  
designations : thoy  represen t only tho sym ptom s o f tho oil-yielding propensity  in  tho 
m ateria ls concerned, n o t  th e ir  p rim ary  cause.

In  ap p aren t opposition to  th is  opinion, B lackburn  a n d  T em perley ,8 as a  re su lt o f  
experim ents on recent, d ried  coorongite, show ed th a t  w hilst oily an d  w axy  m ate ria l 
could bo ex trac ted  b y  solvents, tho re la tively  insolublo residue could be p resum ed to  
bo capable o f y ielding “  paraffin p ro ducts ”  by  destructive  d istillation .
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Thoy also rofor to  th e  fac t th a t  cannois m ay  or m ay  n o t con ta in  “  yellow bodies,”  
b u t when those do form  a  largo p roportion  of tho coal i t  becom es m ore valuab le  as a  
source o f “  paraffin  ”  th a n  o f gas.

Thoro appears to  bo an  im plied  d istinc tion  betw een “  paraffin  ”  derived from  cannol 
coal a n d  “  paraffin p ro d u c ts  ”  from  recen t coorongite, th e  la t te r  p resum ab ly  referring 
to  any  m em bers o f tho paraffin series from  m ethane upw ards, tho form er to  tho w ax 
which can  bo ob tained  b y  re-running tho crude d istillate  an d  chilling tho  pressiblo 
“  c u t.”

In  e ith e r case theso au th o rs  w ould seem  to  favour tho hypothesis th a t  oil is derived 
from  th e  algal skeletons ra th e r th a n  from  tho m atrix  w hich surrounds th em  in tho 
m ineral. W hilst i t  is tru e , as show n b y  Legg and  W hcolor,10 th a t  a  m o d em  cutielo 
(Agave amcricana) gave ab o u t GO per cent, o f vacuum  ta r  contain ing  hydrocarbons, 
and  fossil cuticlo from  R ussian  papor coal gave ab o u t 20 pe r cent, loss, tho form er was 
easily  a tta ck e d  b y  alkali, tho la tte r  only slightly, a n d  thu s, while accounting for tho 
form ation o f hydrocarbons b y  tho  destructive  d istillation  o f cu tin  a n d  accom panying 
fa tty  acids an d  waxes, tho existence o f su lphur and  n itrogen com pounds in  tho resulting  
oil is n o t oxplained.

I f  original coll con ten ts aro assum ed to  accom pany tho algal skoleton or spore coats 
in tho korogen, th en  n o t only su lphur an d  n itrogen, b u t  perhaps tho phosphorus w hich 
is found in tho  ash  can bo accounted  for.

I n  th is  connection i t  is in te resting  to  n o te  tho  analysis o f  B alkash  Sapropolito 
(presum ably  Botryococcus) given b y  Zelinsky.11

Tho la tte r  s ta te s  th a t  39 p e r cent, o f tho m ateria l is soluble in  carbon tetrach loride , 
tho  o x trac t contain ing  frco fa tty  acids an d  th e ir esters. Tho organic m a tte r  is s ta te d  
to  havo tho following com position :—

%
Carbon . . . . . . . .  73-7G
H ydrogen . . . . . . .  10-01
S u l p h u r  . . . . . . . . 1 - 0 3
N itrogen . . . . . . . .  0-56
Phosphorus . . . . . . .  traco
Oxygen . . . . . . . .  13-74

In  th e  case o f  T asm anian  oil shale, K u r th  an d  R ogers 12 s ta to  th a t  nearly , b u t  n o t 
q u ite  all tho oil y ield is produced  from  th o  am bor-liko bodies, w hich thoy  suggest aro 
n o t sporo cases, b u t  tho spores them selves fossilized. T hey  fu rth e r s ta to  th a t  tho 
shalo, freed from  spore cases, produces somo oil, b u t  th a t  tho  gas producod during  
d istillation  is free from  hydrogen sulphide. Tho en tire  shalo is  shown to  y ield b o th  
am m onia an d  su lphur com pounds.

In  view, th en , o f th e  difficulty in  establish ing  tho  id en tity  o f th e  “ yellow  bodies ”  
in all cases, an d  because i t  is n o t y e t established th a t  korogen is exclusively represen ted  
b y  algæ a n d /o r spores, i t  is suggested th a t  tho la tte r  term s aro n o t en tire ly  sa tisfac to ry  
for purposes o f  classification.

F or p ractica l purposes th ere  is m uch  to  be said for a  nom enclature w hich is self- 
suggestivo o f p roperties w hich are  read ily  discem iblo o r easily  ascertainablo. M any 
o f tho  descrip tive te rm s a lready  com m only em ployed in  tho in d u stry  aro o f th is  n a tu re , 
b u t confusion has arisen  because m ateria ls hav ing  a  single, o r  a t  b est a  few, physical 
p roperties in  com m on have  been designated by  tho sam e term .

Som etim es tho m isapplication  has been in respect to  tho m ineral com ponent o f tho 
m ateria l, w hilst in  o thers i t  is th e  organic a ttr ib u te  w hich h as been w rongly designated.

I t  was suggested b y  M aegregor 13 th a t  tho nom enclature should tako  in to  account 
such factors as appearance, s truc tu re , oil-yicld, an d  ash  con ten t, w h ilst R o b erts  11 
affirm s th a t  if  a n y  a tte m p t wore m ade to  sim plify tho nom enclature o f cannels, a tte n 
tio n  should also bo given to  th e ir  coking propensities.

I t  m ay  be suggested fu rth e r th a t  in  ga thering  m ate ria l for th e  purposo of classifica
tio n  m ore a tte n tio n  should  bo given to  tho possibilities o f  th e  m inerals w hich accom pany  
tho  kerogenous m ateria ls, and  w hich m ay  bo recognized b y  pétrograph ie  m ethods or 
de tected  by  chem ical analysis.

A m ongst the  la tte r, certa in  elem ents, such as vanadium , nickel, an d  to  somo ex te n t 
a lum in ium  an d  m agnesium , m ay have a  special significance in  re la tion  to  th e  organic 
co n stitu en ts  o f th e  m aterial.

F o r  instanco, T asm anito  con tains as korogen, bodies w hich are supposed to  bo th e
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preserved spores o f lycopodium . Since tho Lycopodineas, a rc  qu ite  rem arkable  fo r their 
h igh a lum inium  con ten t, an d  since tho  spores aro largo and  easily soparntcd  from  tho  
m ineral m atrix , th e  estim ation  o f a lum inium  in  th e ir  ash  w ould ap p ear to  have  m ore 
vuluo th an  tho analysis o f  tho bu lk  m inoral.
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Dit. M. M a c g re g o r  (Geological Survey) : In  a  papor com m unicated to tho Con
ference on Oil Shale and  Cannel Coal hold a t  Glasgow in 1938 I  em phasized tho desir
ab ility  o f securing, if  possible, a  s ta n d a rd  nom enclature  for tho various oil-yielding 
m ateria ls included un d er tho designations cannel, boghead, e tc . I  h ad  in  m ind  tho 
difficulty experienced b y  tho fiold w orker in tho lack  o f an y  s tan d ard  series o f categories 
to  w hich to  refer, an d  tho fact th a t  te rm s such as oil shalo an d  cannel were used for 
m ateria ls differing widely in  modo o f occurrence, origin, and  com position. T h u s tho 
te rm  oil shalo, long em ployed in  Scotland in  connection w ith  th e  Lower Carboniferous 
shales o f tho L othians, has been used  to  designate oil-yielding m ate ria ls o f m any  
different kinds a n d  ages. I t  has  been used, for exam ple, for tho to rban ites  a n d  cannois 
o f  Now South  W ales (Perm o-Carboniforous) ; for th o  spore-rich “  tasm an ito  ”  o f th e  
Mersoy R iv er Valley in T asm ania, regarded a s  a  shallow -w ater m arine sed im ent 
p robab ly  o f Perm o-C arboniforous ag e; for th e  E ston ian  “  kukersite ,”  a  m arino 
deposit o f  O rdovician ago; fo r tho  “  m arah u ito  ”  o f  B ahia  in B razil, a  som ew hat 
variablo m ate ria l o f algal origin, allied to  to rban ito  (Cretaceous o r E arly  Eocene) ; 
for tho  b lack  carbonaceous shales o f tho E aste rn  U n ited  S ta tes (Dovonian) ; an d  for 
o th er deposits o f vary ing  character in different countries. Tho te rm  cannol, again, 
includes m ateria ls o f  different com position and  widely different econom ic value. In  
p u ttin g  forw ard m y  suggestion I  envisaged tho ap po in tm en t o f a  sm all com m ittee to 
oxam ine and  rep o rt upon tho question, ju s t  as the  B ritish  A ssociation Com m ittee on 
pétrographie  classification appoin ted  in  1932 oxam ined an d  reported  on tho nom encla
tu re  o f igneous rocks. Tho au th o rs  o f tho p ap er now presen ted  havo boldly tackled  
tho problem  of b o th  tho nom enclature  an d  tho classification of the  n a tu ra lly  occurring 
oil-yiolding m aterials. T heir nom enclature is based  on th e  d o m inan t p lan t and 
m inoral constituen ts p resont an d  th e  classification is  p u t  forw ard m erely as “  a  founda
tio n  on w hich fu rth er classifications can  bo doveloped as our knowledge o f tho chem istry  
o f these m ateria ls increases.”  I t  is very doubtful, however, if  tho proposed nom en
c la tu re  w ill be acceptable to  thoso who have  to  deal w ith  tho raw  m ateria ls in th e  field 
a n d  labora to ry . T he in troduction  o f such term s as “  korogen rocks ”  an d  “  kerogen 
coals ”  appears superfluous. N or does i t  scom in tho least necessary to  discontinue tho 
use o f such long-established n am es as oil-shalo a n d  cannel. I t  should  bo qu ite  possible 
to  re ta in  thoso nam es for definite groups o f oil-yiolding m aterials, a n d  to  subdivide 
thoso fu rth e r according to  th e ir essential m acroscopic a n d  m icroscopic cliaracters. 
Cannels are m icro-fragm ental coals an d  form  a  graded series rang ing  from  tho richly 
algal brown an d  b lack  bogheads, th rough  algal-spore cannels w ith  increasing p ro p o r
tions o f decom posed p lan t debris form ing a  b righ t tran sp a re n t groundmasB, to  canneloid 
shales con tain ing  a  h igh proportion  of inorganic m atte r . I t  should bo quito  possible 
to  define tho series brow n boghead, b lack  boghead, boghead-eannel, cannel, canneloid 
shalo n o t only in  te rm s of decreasing oil-yield, b u t also in  te rm s of m acroscopic and
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m icroscopic characters. T he m acroscopic characters used  w ould include colour, 
lustro, frac tu re , streak , s tru c tu re , e tc . A s regards tlio b road  classification, tho  w rite r 
w ould prefer to  seo somo such  tw ofold grouping ad o p ted  a s  (1) Oil Shales; (2) Cannels 
(and Cannol-coals) excluding from  p resen t consideration b itum inous coals w hich aro 
looked upon as tar-p rov id ing  ra th e r than, oil-bearing m ateria ls.

The problom  is to  find a  sim ple an d  convenient classification based (a) on field 
observations a n d  (6) on m icroscopic ex am ination  in  tho laboratory . Tho following 
m ig h t bo ten ta tiv e ly  suggested :—

Obviously th is  is only a  skeleton classification, and  in defining th e  different categories 
such c riteria  as m ode o f occurrence, n a tu re  o f associated  s tra ta  including position in 
th e  sed im entary  cyclo, should bo tak en  in to  account, as w ell a s  tho  o th er characteris tics 
a lready  enum erated .

D b. L . S l a t e r .  (Fuel Research Coal Survey Laboratory, Sheffield) : Wo apprecia te  
th a t  tho  older term  “  cannel ”  has been u sed  for a  large v a rio ty  o f substances, b o th  
rich  and  poor in  “  oil-yielding ”  p roperties, an d  henco m ig h t w ith  advan tage  bo su p er
seded by  moro precise te rm s such as those suggested. In  using tho now term s, how- 
over, i t  w ill have to  bo clearly  borne in  m in d  th a t  tho substances referred  to  form  a  
continuous series, w ith o u t sharp  distinctions.

M ost o f  tho suggested term s have tho m erit o f being self-explanatory, b u t  “ algal 
rock ,”  a lthough  scientifically quito  sound, is pe rh ap s doom ed to  unsuccessful com p eti
tio n  w ith  th e  o lder an d  unscientific “ boghead.”  “ Algal r o c k ”  m igh t bo confused 
w ith  “  algal shalo ”  unless s tru c tu re  w as described each tim e  tho  term s were used.

As th e  classification given in  tho papor is based  on tho th ree  m ain  groups ‘ ‘ Kcrogon 
rocks,” “  K erogen coals,”  and  “  Coals,”  i t  sooms v ery  im p o rta n t th a t  tho  m eaning of 
th e  term  “ k ero g en ”  should bo m ade clear. On p . 331 tho te rm  is applied  to  “ un- 
resolvablo m asses o f  m acera ted  p la n t debris contain ing a  fow spores a n d /o r alga;.”  
B u t if  th is  is  accepted  as a  definition, i t  follows from  ou r experience th a t  all coals 
con ta in  very  considerable am o u n ts  o f kerogen. W ould i t  n o t bo b e tte r  to  exclude th e

on ly ?  T his w ould m ako i t  roughly synonym ous w ith  tho  “  P ro ta b itu m in a  ”  o f the  
Germ an petrologists, and  also w ould bo m ore in  accord  w ith  tho classification schem e 
given a t  tho  end  of tho paper.

W e have encountered  somo sam ples o f b rig h t coals com posed of fragm ents so finely 
d iv ided th a t  tho usual banded  appearance is p ractica lly  absen t. Such m ateria l is 
o ften  considerably richer in  vo latile  m a tte r  th a n  tho moro norm al m ateria l from  tho 
sam e scam , a lthough  m icroscopical w ork shows i t  to  con tain  no alga; an d  no abnorm al 
q u a n tity  o f  spores. W h eth er such m ateria l should bo classified as a  type o f “  kerogen 
coal ”  will th u s  dopend en tire ly  on a  moro precise definition o f “  kerogon.”

D r .  I t .  A. M o t t  (Department o f F uel Technology, University o f Sheffield) : T he Classi
fication proposed does n o t do full ju stice  to  special types o f coals w hich are  im p o rta n t 
for th e ir  oil-yielding capacity . I t  assum es th a t  algre an d  spores alono are  tho  cause 
o f th e  oil yields o f  cannel coals, a n d  ignores tho im p o rtan t p a r t  p layed by  resins and  
resinous m ateria ls in  th is  connection.

In  th e  discussion on th e  pap er b y  Mr. W . J .  Skilling on  “ Tho N a tu re  o f Sco ttish  
Cannels ”  (Oil Shale and Cannel Coal, 1938, p. 40), I  d irected  a tte n tio n  to  tho fact 
th a t  Sco ttish  cannels differed in  com position from  cannels exam ined b y  Professor 
H ickling an d  from  those exam ined in o th e r laboratories by D r. W . A. Chao an d  b y  
D r. H olroyd. T he ordinary  cannel coal found  associated  w ith  b itum inous coal seam s 
in  E ng lan d  appears to  conform  to  H iekling’s description, an d  algie are  absen t a n d  sporo 
oxines, cuticles, an d  resins a re  p resen t in  som e q u a n tity . In  th e  six  cannels oxam ined

Oil Shales

Cannois

'Caimoloid shales— high c o n ten t o f  inorganic 
m a tte r

Cannel coals—p lan t debris a n d  spores, w ith  a  
vary ing  a m o u n t o f algal 
rem ains

Bogheads— largely algal

unrosolvablo debris, an d  define kerogen as a  collective te rm  for spores an d /o r alga;
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b y  D r. Chao (a rep rin t o f whoso p ap er is enclosed) spores occurred only rarely , an d  the  
high oil-yielding properties woro ap p aren tly  duo to  a  degraded resinous m ateria l.

Since fossil resin is found in  lum p form  in  m an y  o f  tho Jap an ese  coals o f T ertia ry  
ago (which have hydrogen co n ten t oxceeding 0 p e r cent.) a n d  in  tho W ashington 
U.S.A . coals o f  tho sam e ago (which usually  con tains ab o u t 6 p e r cen t, o f hydrogen), 
and  in  young Now Z ealand coals th is  confirm s tho  knowledge th a t  tho  coniferous trees 
only dovoloped in  m ore recen t geological periods. A placo should bo found  for such 
coals in  Table 7. I  suggost th a t,  un d er “  K erogon coals,”  p . 335, tho  t itle  be a lte red  to 
“  spores, resins an d  m acerated  p la n t debris,”  and  alongside th e  te rm  “  Spore Coal ”  
bo p laced tho term  “  R esinous Coals,”  exam ples o f w hich aro given abovo.

To theso should bo added  cannel coals free from  algie an d  spores such as a re  described 
b y  D r. Chao.

I  suggest th a t  i t  m igh t also bo proper to  include tho  to rm  “  Cuticlo Coal,”  a n  exam ple 
o f  w hich is th e  P apier K ohle  o f R ussia  described b y  Lcgg an d  W liooler in  J .  chem. Soc., 
1929, 2449.

U nder tho  heading “ C o a ls”  bolow tho  s ta te m en t “ V egetable debris gonerally 
accum ulated  in  situ  som etim es d rifted  ”  should  bo p laced a n  arrow  po in ting  to  the  
K erogcn coals w ith  tho expression “  Increaso in  p roportion  o f d rifted  m ate ria l.”  I  
suggost also th a t  th e  te rm  “  organic residuo ”  in  tho  ra tio  o f oil yield /organic residue 
requires definition. I t  appears to  refer to  an  organic residuo on h eatin g  to  500° C. 
Also th e  s ta tem en t below th is  th a t  “  oils ob tained  b y  carbonization  . . . gonerally 
contain  upw ards o f 30 p e r cont. o f m ateria l solublo . . .”  should bo a lte red  to  “  u p  to 
30 pe r cen t.”

Dit. H . B . N is h e t  (Hcriot-W att College, Edinburgh) : D r. Down an d  D r. H im us have 
dono a  g rea t service in  suggesting su itablo generic term s to  w hich can  bo referred 
substances com m only callod oil shales an d  cannel coals. W ith  regard  moro p a r ticu 
larly  to  tho  la tte r  group of substances and  th e  closoly ro latcd  to rban itic  shales, w h a t is 
now roquired is a  s tu d y  o f tho  various grades o f m ateria l w hich will fall undor tho 
heads o f kerogon coals an d  algal shales w ith  tho  object o f so tting  u p  s tan d ard s for 
suitablo sub-divisions. W hilo such sub-divisions m ig h t bo a rrived  a t,  a s  h as been 
suggested b y  th e  au thors , b y  microscopic exam ination , i t  is to bo hoped th a t  th is  will 
bo correlated  w ith  fu ndam en ta l chomieal investigations. Tho kerogon coals o r canncls 
(and  algal shales) occur in  a  largo v a rie ty  o f physical form s an d  aro associated w ith  
w idely differing am o u n ts o f m ineral m a tte r  o f vary ing  com position. T hey  possess 
occasionally fa irly  woll-developed coking properties and  a t  o th er tim es nono a t  all, 
an d  th o y  y ield vary ing  am oun ts o f oils o f  differing characteristics on destructive  
d istillation . I t  w ould bo well, therefore, if  a  largo nu m b er o f deposits from  various 
localities woro fully  investiga ted  m icroscopically an d  chem ically. M uch inform ation  
w ould  doubtless also bo ob tained  b y  su itab le  so lvent ex traction , and  i t  w ould bo of 
spocial in te res t to  know if  tho co n stitu en ts producing coking properties have any  
re la tion  to  th e  com ponents causing th is  in  o rd inary  coking coals as track ed  dow n b y  
B one’s bonzcno-pressuro ex tractio n  m ethod. A correlation  o f a  largo am o u n t o f d a ta  
on such sub jects w ould bo ex trem ely  useful an d  w ould no d o u b t provido m ateria l on 
w hich a  sub-classification could bo bu ilt.

I n  1924 D r. E . F . A rm strong, in  h is P residen tia l Address to  tho Society o f  Chomieal 
In d u stry , m ade tho suggestion th a t  tho  chem istry  o f  fa tty  oils h a d  n o t received tho 
a tte n tio n  i t  deserved. D uring  tho  in terven ing  years wo have seen g rea t advances in 
o u r knowledgo of th is  sub ject, largely due to  tho investigations o f P rof. H ild itch  and 
his school o f  research a t  Liverpool. I t  w ould ap p ear th a t  kerogon shales an d  coals 
offer a  sub ject for fundam en ta l research o f a  som ew hat sim ilar range, an d  i t  would 
bo h ighly gra tify ing  if  tho Glasgow Conferonco o f 1938 and  th e  p ap er now  presented  
b y  D r. D ow n an d  D r. H im us prov ided  th e  stim u lus to  s ta r t  a n  investigation  o f th is 
character.

Mb. W . J .  S k i l l in g  (Fuel Research Coal Survey Laboratory, Glasgow) : I t  is in te res t
ing to  no te  th a t  tho au th o rs  a re  ondeavouring to  keep alive th e  resolu tion  passed  a t  
tho  Conference on Oil Shale and  Cannel Cool held  in  Glasgow in  1938.

Tho difficulty o f arriv ing  a t  a  sa tisfac to ry  grouping or system  of nom enclature  for 
such n a tu ra lly  oecuiTing m ateria ls as oil shales, to rban ites , an d  eannol coals is tho 
m erging o f one in to  ano ther. One m ay  receive a  num ber o f han d  specim ens w hich to
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tho cyo o f tho fiold geologist are identical, b u t  w hen exam ined in  tho labora to ry  by  
tlio chem ist yield oils in  vary in g  q u a n tity  and of w idely different chem ical com position.

W hen th e  B oghead eannols o r T orban itcs a re  encountered, th e ir identification p re 
sen ts little  difficulty in  th e  h a n d  specim en. T hey  invariab ly  have  a  brow nish shade o f 
colour, are tough an d  difficult to  break, and  have a  characteris tic  wooden sound  when 
struck . Tho Low er D y sart Canned of Fifo possesses all tho characteris tics o f a  
T orbanito— so m uch  so th a t  to  app ly  th e  nam e “  coal ”  to  i t  is qu ite  m isleading.

Tho group o f  m ateria ls in  w hich tho han d  specim ens a re  a lm ost indistinguishable 
b u t  w hich in  m icrosection show pronounced differences are tho b lack, satin-surfaced 
eannol coals. Theso differences are also reflected in  tho vary ing  oil yields o b ta in e d ; 
th u s  tho w riter lias observed th a t  when algai are easily identified in a  specim en a  high 
y ield o f oil has been found, b u t  when th ey  a re  difficult to  d e tec t in th e  finely m acera ted  
p la n t dobris tho  yield approaches th a t  o f  a  b itum inous coal a n d  is m ore o f a  ta rry  
th a n  oily n a tu re , hav ing  m ore oxygenated  co n stitu en ts  an d  no indication  of w ax.

Tho au th o rs  have  referred to  th e  H um p h  Seam  cannel as a  spore coal an d  to tho 
specim en from  Now Cunm ock as a n  in te rm ed iate  algal-sporo coal. B ased upon 
labora to ry  exam ination  tho w riter w ould classify n e ither o f these m ateria ls as spore 
coal, since spores form  a  very  m in u te  p roportion  of tho p lan t debris. T ypical spore 
coals are found  form ing bands in  certa in  o f tho  sp lin t coal scam s o f  Scotland an d  are 
described a s  durain . Tho spores a re  in  such h igh concentra tion  as to  bo visible w ith o u t 
tho  uso o f a  lens. Such coals have a  m a tt  o r g ranu lar surface, as com pared w ith  tho 
sm ooth , sa tin y  surface o f a  cannel coal.

F ro m  experience in  handling  specim ens, a n d  from  discussions w ith  geologists an d  
m ining onginecrs, tho  w riter is o f tho opinion th a t  i t  w ould a d d  to  th o  oxisting confusion 
to  introduco tho  te rra s  “  algal ”  and  “  kerogen ”  to  th e  exclusion o f tho w idely  used 
“  oil shale ”  a n d  “  cannel.”  M ost o f  th is  confusion h as been duo to  a  tendency  of 
som e au th o rs  o f papers on  theso m ateria ls to  coin new w ords based  upon tho  resu lt o f 
a  laborato ry  exam ination  of a  lim ited  num ber o f specim ens.

The whole problom  o f nom enclature centres round  w hether tho goologist, tho m in ing  
engineer, o r th e  chem ist should have  th e  privilege o f deciding upon  tho  m ost ap p ro 
p ria te  n am e fo r theso p ro ducts o f n a tu re . I t  is for th is reason th a t  tho  w rite r w ould 
suggest th e  form ation  o f a  com m ittee  representing these professions an d  draw n from 
each of tho  coalfields o f th is  count ry  to  discuss an d  decide upon  a  nom enclature  for 
oil shales an d  cannel coal. Some represen tation  o f those foreign countries w hich 
produce an d  utilize theso m ateria ls should be  invited.

M r. R . J .  F o rb e s  (N . V. de Balaafsche Petroleum M ij)  : The au th o rs  are  g reatly  to 
bo com m ended fo r th e ir  effort to  evolve, in  sp ite  o f  th e  com paratively  unknow n n a tu re  
of tho sub ject, a  classification o f these m ateria ls, an d  for th e ir in troduction  of a  series 
o f nam es, w hich w ill u ndoub ted ly  facilitate  discussion. Tho fu tu re  developm ent o f a  
scientifically sound  classification and  nom enclature will bo g reatly  assisted  thereby.

A s regards th e  last lino of p a rag rap h  1, page 330, i t  w ould perhaps bo b e tte r  to  a lte r 
th is  to  read  “  only ab o u t 15 p e r cent, o f th e  organic m a tte r  as oil on heating.”

In  th e  tab le  im m ediately  below th is  p a rag rap h  I  suggest th a t  tho w ords “  b itum inous 
rocks ”  be su b s titu ted  fo r tho  lis t o f oil-yielding m ateria ls given under Class I ,  sinco 
th is  lis t is, in an y  case, n o t com plete. I f  i t  is desired to  ex ten d  tho lis t o r  to uso i t  to 
supplem ent tho tab le  given as addendum  to  tho  p aper, tho au th o rs  w ould do well to  
consult th e  book b y  H . A braham , “ A sphalts an d  Allied Substances ”  (4 th  ed., New 
Y ork, 1938, C hapter I I ) ,  in  w hich tho classification of b itum inous m ateria ls is dealt 
w ith  in  dotail an d  from  wliich a  provisional system  of classification an d  nom enclature 
could be derived.

I  regret th a t  I  canno t en tire ly  agree w ith  th e  arrangem en t o f the  group “  Coals ”  
in  th e  table appended  to  tho paper.

Tho fact is  th a t  in  th e  different k inds o f coal durain , clairain , an d  c itra in  occur in 
variab le  q u an titie s ; theso com ponents o f coal, thus, do n o t correspond w ith  w h a t is 
understood  b y  Spore Shale, Algal Lim estone, etc ., in  tho  sam o line o f tho sam o table. 
Tho question  th u s  arises w hother i t  is perhaps desirablo th a t  tho classification should 
be extended, e.g., according to  tho system  of Jongm ans, so t o u t in  dotail in  tho  book b y
D. J .  W . K reulen, “  Grundzüge dor Chemio u n d  S ystem atik  der K ohlen  ”  (A m sterdam , 
1936), w hich book fu rth e r trea ts  extensively o f tho m ateria ls in  question. In  th is  w ay 
tho differenco betw een cannel coals an d  Class H , K erogen R ocks an d  Oil Shale, could 
also bo m ore clearly b rough t out.
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A brief ind ica tion  o f tho  m othods b y  w hich solubility  in  various solvents, oil yield 
on  h e a t trea tm en t, otc., a re  de term ined  w ould also bo of in te re s t, since tho figures for 
tho various m ateria ls given horo aro difficult to  com pare owing to  differences in 
procedure.

I  hope th a t  tho  au th o rs  will regard  those m inor criticism s as a  sm all con tribu tion  
of building m ateria l tow ards tho  edifice o f systom atization  o f these m ate ria ls w hich 
thoy  aro now, in  so praisew orthy a  m anner, a tte m p tin g  to  construct.

M r. JoirN  R o b e r ts  (Consulting F uel Technologist) : I  should like to  refer to  page 332, 
para . 5 o f th e  paper, whero i t  is proposed to  classify thrco types—nam ely , algal coals, 
algal shales, an d  algal rock. T he difficulty horo is th a t  all three aro algal rocks, and  
could bo properly  described as such. I f  “  algal rock ”  contains organic m a tte r  which 
consists “  alm ost en tirely  o f algæ ,”  perhaps tho torm  algite w ould bo suitablo.

As tho  object o f tho R esolution w as to  standard ize  term inology, oxcoption will bo 
tak e n  to  tho ra th e r loose use o f tho  to rm  ‘ ‘ m inorai m atto r ”  in  th e  p aper. F o r exam ple,
‘ ‘ tho m ineral m a tto r  consists o f clay. . . . ”  Clay is n o t a  m ineral, b u t  a  rock (pago 
332, para . I) .

P r o f e s s o r  A. E . T ru e m a n  (The University, Glasgow) : Tho au th o rs  are  to  bo con
g ra tu la ted  on  th e ir courago in  tack ling  tho  difficult problem  o f tho classification o f oil 
shalo an d  cannois. Thoy have b rough t togothor a  q u a n tity  o f useful d a ta  w hich will 
bo o f g rea t value in an y  discussion o f th e  problem s arising in  tho  classification of thoso 
m aterials, a lthough  I  am  n o t convinced th a t  tho  general scheme o f th e ir classification 
is likely to  lead  to  any  real clarification of tho problem s w ith  w hich we are  con
cerned. I n  tho first place, if  wo divide th e  m ateria ls in to  tw o m ain  groups corre
sponding to  thoso w hich tho  au th o rs  Have nam ed  tho korogon rocks an d  kerogen coals, 
I  w ould suggest th a t  “  kerogenous rocks ”  a n d  “  korogonous coals ”  w ould bo m ore 
ouphonious te rm s and  m oro in  keeping w ith  tho general characte r o f  pé trographie  
nom enclature. Tho separa tion  of these tw o groups, however, does littlo  moro th an  
ro-omphasizo a  d istinction  w hich has been  fairly  w idely m ade, and  discussion m u st be 
concerned m ainly  w ith  tho subdivisions w hich have been proposed.

I  am  bound  to  d irec t a tte n tio n  to  th e  fac t th a t  tho torm  ‘ ‘ algal lim estono 1 ’ can  
scarcely bo m ain ta ined  as a  typo  of korogonous rock, sinco th is  n am e is custom arily  
a n d  widoly used for a  pu re ly  calcareous rock consisting m ain ly  o f tho  rom ains o f 
calcareous algæ an d  hav ing  no re la tion  to  th e  m ateria ls considered hero.' I  feel, also, 
th a t  thoro is an  objection to  th e  use o f th e  te rm  “  algal rock ”  a s  a  typo of kerogenous 
coal; i t  is surely inconsistent to  uso tho  w ord “ r o c k ”  in  th e  classification o f th is 
group, as i t  does no t app ear in tho classification of tho  kerogenous rocks thomselvos.

T ho proposed nam es for indiv idual rock  typos, such a s  E sth o n ian  algal lim estone in  
place of K ukorsito  an d  T asm anian  spore shale for T asm anito , can  scarcely be  regarded 
as co n tribu ting  to  a  classification, a lthough  for tho  p resen t th ey  m ay  load to  m ore 
precision in  tho  discussion o f tho  m ateria ls. F o r  tho te rm  “  K ukersito  ”  is available 
for an y  sim ilar m ateria l, an d  i ts  use fo r m ateria l from  o th er localities th a n  E sth o n ia  
would, if  i t  is em ployed w ith  a  su itab ly  restric ted  m oaning, im m ediately  convey the  
correct inform ation  ab o u t tho deposit. B u t un d er th e  au th o r’s schemo tho torm  
‘ ‘ K ukorsito  ’ ’ w ould disappear, an d  every ind iv idual locality  w ould a tta c h  its  nam e to  
tho m ateria l under discussion.

Thoso, however, a re  pu rely  m atte rs  o f term inology, an d  it  appears to  m e th a t  c riti
cism  of tho authors* classification m ay  go ra th e r  deeper th a n  term inology. I  w onder 
w hether a  sa tisfac to ry  classification o f such variablo m ateria ls can  bo m ado on th e  
basis o f a  moro o r loss linear series. Sinco consideration m u s t be given to  v a ria tions 
in am o u n t an d  characte r o f organic m ateria l as well as to  varia tio n s in  am o u n t an d  
charaetor o f tho inorganic m aterials, a  m ore ex tended  range of c riteria  is surely dosirablo. 
M oreover, i t  is necessary to  havo som e ind ication  o f tho range o f com positions over 
w hich these te rm s can  bo app lied ; for exam ple, while th e  p roportion  of korogon in  an  
oil shale m ay  bo over 50 por cen t., th ere  is p resum ably  a  continuous passago in to  shales 
w ith  no kerogen. A t w h a t p o in t in  th e  scries doos a  rock cease to  be a  kerogen shale Î 
Is  i t  to bo determ ined by  tho percentage of organic m ateria l p resen t, o r by  tho am o u n t 
of oil yield ?

I  a m  sorry  to  see tho use o f tho  te rm  oil shalo is n o t appro  vod : w hilst “ oil shales 
con tain  no oil as such ,”  however, i t  m ay  also bo no ted  th a t  lead pro contains no lead 
“  a s  such ,” b u t  i t  is nevertheless load ore,

B  B
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D r. A. W a d e  (A ustra lia ) : F rom  a  scientific an d  technical p o in t of view I  regard  
th is  paper as a n  oxcellent co n trib u tio n  on th e  question  of classification. F rom  a 
practical, w orking s ta n d p o in t I  am  afra id  th a t  i t  will have littlo  effect. Thoso who 
have  to  w ork  m ines in theso m ateria ls an d  who have to  deal w ith  m iners will go on 
using  th e  old nam es to  w hich thoy  have  long been accustom ed, regardless of all th a t  
m ay  bo w ritte n  on  th e  sub ject. T he A u stra lian  m iner will still call th e  rock which 
is now  being m ined on a  largo scale in  th e  W olgan Valley— Oil Shale. So will th e  
T asm an ian  who m ines T asm anian  Sporo Shale.

T his will n o t, I  am  sure, discourage th e  au th o rs . R esearch s tu d e n ts  will welcome 
and  use th e  classification. Possibly th ey  m ay u p se t i t  in  due course. T hey  usually  
do.

Authors' Reply to the Discussion.

I n  1936 a  com prehensive research on th e  chem istry  of oil shales and  re la ted  m ateria ls 
was in s titu te d  a t  th e  F uel L aborato ries of th e  Im peria l College. T he investigation  
h as for i ts  p rim ary  object th e  o lucidation of th e  chem ical co n stitu tio n  of th e  organic 
m a tte r  in  sed im en tary  rocks from  w hich oil is ob tainab le  by  h ea t- trea tm en t. A 
n u m b er of sam ples were ob ta ined , covering wide geographical and  geological ranges, 
a ll of w hich h ad  tw o com m on properties : (a) th a t  all gave a  good yield of oil w hen 
re to r te d  a t  600° C. an d  (b) th o  y ield ob ta ined  by  Soxhlet ex trac tio n  w ith  organic 
so lven ts w as low ; in o th e r respects, however, th e  sam ples were w idely different. 
In itia l  search of tho  lite ra tu re  show ed th a t  tho nom enclature  of th e  various ty p es of 
oil-yielding m ateria ls was in  a  s ta te  of confusion, and  th ere  w as no system atic  classi
fication, so th a t  sam ples could bo read ily  identified, an d  hence correc tly  nam ed. In  
view of tho  com prehensive n a tu re  of tho  researches envisaged correct nom enclature 
of tho  sam ples exam ined w as particu la rly  im portan t.

I t  h ad  been hoped th a t  a t  th o  Oil Shalo an d  Cannel Coal Conference in 1938 th a t  
th e  problom s of th o  classification an d  nom enclature  of these  m ateria ls w ould bo 
clarified. A num ber of a u th o rs  d irec ted  a tte n tio n  to  th e  u rg en t need of a  s tan d ard  
nom enclature, b u t  no constructive  proposals wero p u t  forw ard u n til th e  P lenary  
Session w hen th o  resolu tion  quoted  a t  th e  beginning of th is  P ap e r was adopted .

C oncurrently  w ith  th o  chem ical investigations, th e  au th o rs  exam ined th in  sections 
of th e  sam ples a n d  collected all th e  availablo geological d a ta . W hereas a  chem ical 
classification analogous to  th a t  ad o p ted  for coals could n o t be  a tte m p ted  owing to  
th o  lack of reliable d a ta  on  th e  com position of th e  kerogen of a  sufficient num ber of 
sam ples, i t  w as found possible to  suggest tho  petrological classification se t o u t in  th is  
paper. F u rth e r, since th e  question  of nom enclature  h a d  n o t been tackled , tho  system  
em ployed in  th e  classification tablo w as w orked o u t and  p u t  forw ard w ith  th e  object 
of stim u la tin g  in te res t an d  p rom oting  th e  estab lishm en t of a  sa tisfacto ry  system . I t  
w as n o t an tic ip a ted  th a t  th o  suggestions w ould be allowed to  pass w ith o u t criticism , 
an d  i t  is g ra tify ing  to  find th a t ,  ovon in  th o  p resen t c ircum stances, considerable in te rest 
has been aroused b y  th o  proposals.

C aptain  W . H . C adm an an d  Professor A. E . T ruem an b o th  directed  a tte n tio n  to  a 
difficulty w hich arises in  an y  classification such  a s  th a t  described— nam ely, th a t  i t  is 
q u an tita tiv e , a n d  n o t pu re ly  qualita tive . T he sam e a rg um en t applies to  tho  classi
fication of coals of th e  p e a t —>  an th rac ite  series. I t  is qu ite  easy to  define a n  “  algal 
rock ,”  “  algal coal,”  a n d  “ algal shale,”  b u t  borderline sam ples are  m et w ith  and  
th e ir  final allocation will depend to  some e x te n t o n  tho  opinion of th e  observer.

D r. L . S la te r p o in ts  o u t th a t  i t  is desirable th a t  th e  te rm  “ kerogen ”  should  bo 
accu rate ly  defined ; to  th is  everyone will agree, b u t  in  tho  p resen t s ta to  of ou r know 
ledge, a n y  precise definition is p ractically  im possible. K erogen is a  sed im entary  
m ateria l, form ed (apparently) a lm o st exclusively of tho  rem ains of p lan ts  an d  con
sisting  of com pounds of carbon, hydrogen, a n d  oxygen, together w ith  usually  sm all 
percentages of n itrogen  a n d  su lp h u r. Theso com pounds are of unknow n, b u t  cer
ta in ly  complex, co n stitu tio n  an d  high  m olecular w eight. K erogen is d istinguished 
from  th e  allied carbonaceous m ateria ls w hich form  coal b y  yielding a  g reater p ro 
p o rtio n  of oil w hen carbonized a t  600° C., an d  so fa r as can bo ascertained a t  p resen t, 
i t  con ta ins considerably m ore hydrogen (from 8 to  11 pe r cen t, as com pared w ith  5 
to  6-5 pe r cen t, for b itum inous coals) for a  given carbon  conten t.

B o th  D r. S la te r an d  Mr. J .  R o b e rts  criticize th e  nam e “ algal rock ”  for m ateria ls 
such  as T orbaneh ill M ineral. Tho very  sm all percentage of m ineral m a tte r  in theso
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sam ples d id  n o t w a rran t i ts  inclusion in  th e  nam e of th e  sub-group, an d  th u s  th e  only 
a lte rn a tiv e  was a  te rm  such a s  “  algito ”  suggested by Mr. R oborts. T he au th o rs , 
how ever, w ished to  avoid  coining any  new  words, th e  lite ra tu re  being a lready  crowded 
w ith  such term s, a n d  th u s  adop ted  tho  sub-heading “  algal rock .”

Messrs. J .  McConnell Sanders and  R . J .  Forbes question  th e  inclusion of b itum inous 
coals in th o  classification tab le . T his -was done because i t  seem ed ra tional to  indicate 
th a t  thero is g rad atio n  from  th e  “  korogen coals ”  to  b itum inous coals. F u rth e r, tho 
tw o classes a re  so in tim ate ly  associated  in  n a tu re  th a t  i t  w as fe lt th a t  th is  should  bo 
recognized in  th e  tab le . No a tte m p t of course has been m ado to  include a  classi
fication of b itum inous coals, sinco th is has a lready been done by  o thers.

Mr. McConnell Sandors p o in ts  o u t th a t  in  th o  term s “  oil seed ,”  “ oil cake,”  an d  
“  oil s tone ,”  th e  w ord  “ oil ”  has th ree  different m eanings. Ho could scarcely have 
fu rn ished  a  b e tte r  argum en t for ou r suggestion th a t  th e  w ord “  oil ”  shoidd bo absolved 
from  having  y e t a  fourth  m eaning in tho  te rm  “  oil shale.”

Tho objection to  tho  te rm  “ algal lim estone ”  on tho  grounds th a t  i t  is a lready  used 
b y  geologists for calcareous rocks m ade u p  of th o  rem ains of alga) was n o t unforeseen. 
Such rocks a re  no t, however, necessarily kerogen rocks, therefore  th e  forco of th e  
objection  can  bo done aw ay w ith  if th is  is m ado clear.

I t  is n o t suggested th a t  korogen consists exclusively of algae a n d /o r spores; on tho 
co n tra ry , m an y  kerogen rocks show a n  a lm ost en tire  absence of recognizablo m ateria l, 
b u t  on carbonization th e ir  oil y ield is equivalent to  m ore th a n  CO per cent, of th e  
organic m a tte r . Tho ICimeridge an d  K o h a t korogen shales, fo r exam ple, are  p ra c 
tica lly  devoid of recognizable s tru c tu re s , microscopic exam ination  reveals a  few 
pieces of carbonized w oody m a tte r  or p la n t rem ains in a  s tru c tu re less yellow m atrix , 
b u t, nevertheless, thoy  are  tru e  kerogen rocks. On th e  o th er hand , J .  M. Potrio 
rep o rted  th a t  in  tho  case of th e  Jo a d ja  Creek algal rock, N .S.W ., w hich gave an  oil 
yield of 150 gal. pe r ton , gelatinous alga) co n stitu ted  90 p e r cont. of tho  organic m atte r.

W hilo i t  is fu lly  realized th a t  tho  n a tu ro  of th o  inorganic m a tte r  and  i ts  re la tion  to  
th e  korogen requiro m ore detailed  s tu d y , u n til m en and  funds aro available, th e  w ork 
m u s t perforce be carried  o u t on a  m ore restric ted  scale th a n  is desirablo. M oreover i t  
is im p o rtan t th a t  tho  prob lem s of classification and  nom enclature  bo cleared up  as 
early  a s  possiblo in  order to  fu r th e r  tho  chem ical researches, an d  to  ensu re  th a t  th e  
n a tu re  of th e  sam ples investiga ted  is universally  understood.

Tho skeleton  classification proposed b y  D r. M. Mcgregor is very  m uch on  tho  sam e 
lines as th a t  proposed by th e  au th o rs , except th a t  tho  term s “ oil shale ”  a n d  “  cannol ”  
a re  re ta ined .

D r. R . A. M ott suggests th a t  resinous an d  cuticle coals should  be included under 
th e  section kerogen coals, such  e x tra  sub-headings can alw ays bo in troduced  where 
th e  facts, a s  ascertained  by  exam ination  of tho  m atorials concerned, w a rran t th e ir  
in troduction .

M r. W . J .  Skilling p o in ts  o u t th a t  th o  questions un d er consideration can n o t be 
answ ered b y  chem ists alono; th o  a u th o rs  aro keenly aw are th a t  these individual 
problem s an d  th o  wholo general problem  of kerogen rocks canno t be solved b y  a tta c k 
ing th em  from  one angle only, th e  geologist, petro log ist, p a lx o b o tan is t, a n d  chem ist 
a re  all concerned.

R eferring to  M r. J .  R o b e rts ’ objection to  tho  uso of th e  to rm  “  m ineral m a tte r  ”  
iii th is  paper, all rocks, including clays, a re  composed of m inerals, w hich justifies 
calling tho  “ m a tte r  o th er th a n  organic ”  sim ply  “ m ineral m a tte r  ” ; as an  a lte rn a tiv e  
th e  te rm  “ inorganic m a tte r  ”  could bo used.

P rofessor A. E . T ruem an appears to  dislike th e  suggestion th a t  “ every indiv idual 
locality  ’ ’ shou ld  a tta c h  its  nam e to  th e  m ateria l under discussion. T he a u th o rs  can 
n o t ag reo ; i t  is good petrological p ractice  to  s ta te  th o  locality  from  w hich a  specim en 
is  dorived, since precision is th ereb y  given. T he nam e “  granito  ”  will p robably  
conjure u p  as m any  visions as th ere  aro geologists w ho hear or read  th e  n am e; each, 
in  fact, will instinctively  th in k  of th a t  v a rie ty  of granito  w ith  w hich he is m ost fam iliar, 
i t  is tho  s ta te m en t of locality  w hich defines th e  p a rticu la r v a rie ty  of g ran ite . F u rth e r, 
th e  geographical prefixes applied  aro chosen to  represen t tho  w hole of a  p a rticu la r 
deposit, an d  no t localities w ith in  tho  general a rea  of th e  seam  o r seam s.

Dr. I I .  B. N isbet desires th a t  m icroscopic exam ination  shall be corre lated  w ith  
fundam ental chem ical investigations; th is  is precisely th e  view of th o  au tho rs , and 
is a t  p resen t being enrriod o u t a t  th o  Im peria l College. P rogress on th e  chemical side 
is necessarily slow, th e  de te rm ination  of th e  percentage an d  com position of th e  kerogen
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cannot bo m ado b y  d irect analysis, b u t  involvos th o  ra th e r  len g th y  de-ashing process 
doscribod in  a n  earlier paper.*  Tho prob lem  of chem ical c o n stitu tio n  has been 
a tta ck e d  by contro lled  oxidation  of tho  organic m a tte r , w ith  subsequen t d e te rm in a
tion  of th o  d is trib u tio n  of carbon an d  exam ination  of th o  ox idation  p ro d u c ts , an  
investiga tion  requ iring  ¡several m onths. A  n u m b er of sam ples have a lready  been 
trea te d  in th is  w ay, b u t  a  g rea t m any  m u st bo exam ined before any  generalization will 
bo perm issible, a n d  th is  will require  a  num ber of years to  carry  ou t. I t  was n o t con
sidered advisable to  p resen t tho  re su lts  of chem ical researches on  a  single sub-group 
of kerogen rocks in  a  pap er dealing w ith  th o  controversial questions of classification 
and  nom enclature  of tho  wholo range of oil-yielding rocks.

* J .  In st. Pet., 1939, 25, 230-237. A sim ilar m e th o d  w as ad o p ted  b y  J .  \V. H orner 
an d  IV. W . P u rd y , an d  a  rep o rt p repared  for th o  U.S. B u reau  of M ines in  1925 b u t  
was n o t published  u n til 1938, as B ulle tin  No. 415. A t th o  tim o of pub lica tion  of tho 
p ap er on do-ashing th o  a u th o rs  wore unaw are th a t  th is  B ulle tin  had  appeared.
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E R R O R S  I N  A C I D - B O T T L E  R E A D I N G S . *

By G. H . S c o t t ,  B.Sc., F .Inst.P et.

I n t r o d u c t io n .

A T e l e c l i n o m e t f / r  survey was recently carried out a t one of the  wells of 
Apex (Trinidad) Oilfields, L td. The deviations recorded by this m ethod 
were considerably greater than  those obtained by the conventional acid 
bottle. Three wells had  been surveyed prior to  this, and had failed to  show 
such m arked discrepancies. In  these three wells, however, the  b it had 
followed a relatively more vertical course. I t  was therefore indicated th a t 
the divergence between the acid-bottle and Teleclinometer readings increased 
w ith the deviation, and the tests th a t were undertaken, and which are 
described herein, were carried out to  check the correctitude of this 
supposition.

I t  was realized th a t the  Teleclinometer readings of deviation m ight 
themselves be a t  faid t and, in  order to  check these, a  series of observations 
were obtained with a  single-shot instrum ent.

The following table gives a comparison of the three sets of observations. 
Deviations are recorded in decimals of a degree in order to  simplify calcula
tions of average figures.

D epth ,
ft.

Teleclino
m eter

deviation .

Single-shot. A cid-bottle.
Acid-bottlo Acid-bottlo 

difference to  
single shot.D ep th ,

ft.
D eviation. D epth ,

ft. D oviation.
difforonco 

to  telo.

720 4-34° 721 3-50° 721 2-71° -1 -0 3 ° -0 -7 9 °
1200 4-67 1205 4-00 1200 2-50 -2 -1 7 -1 -5 0
1450 5-34 1446 4-50 1448 3-25 -2 -0 9 -1 -2 5
1080 5-45 1087 5-25 1685 4-00 -1 -4 5 -1 -2 5
2170 5-10 2109 4'00 2175 2-50 -2 -0 0 -1 -5 0
2410 4-31 2410 4-00 2395 2-50 -1 -8 1 -1 -5 0
2920 5-45 2919 5-25 — — — —

The Tcleclinometcr deviations a t these interm ediate points were calculated 
on the assum ption th a t  the deviation between two known readings would be 
a  gradational change. This assum ption is considered fair in view of the 
fact th a t the drift was in a general eastw ard direction w ith no reversals. 
The single-shot and acid-bottle readings were taken  a t the  actual depths 
given.

I t  will be noted firstly th a t there is much greater constancy in the difference 
between the  acid-bottle and single-shot readings, and secondly th a t the  
Teleclinometer readings are constantly higher th an  the  single-shot. A 
comparison of the two la tte r readings is given hereunder :—

* P ap er read  to  a  M eoting of th e  T rin idad  B ranch held  on 28th F eb ru ary , 1940.
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D epths, ft. Toloclinomotor. Single-shot. Differenco.

720- 721 4-34° 3-50° 0-84°
1200-1205 4-67 4 0 0 0-67
1450-1440 5-34 4-50 0-84
1680-1687 5-45 5-25 0-20
2170-2109 5-10 4 0 0 1-10
2410-2410 4-31 4-00 0-31
2920-2919 5-45 5-25 0-20

I f  all readings are taken  into consideration and it  is assumed th a t the 
deviation persists to  half the  distance between any two readings, average 
weighted deviations can be calculated. For this well they  are as follows :—

Teleclinometer . . . . . .  4-85°
Single-Shot . . . . . . .  4-36°
Acid-Bottle . . . . . . .  2-50°.

I t  is therefore apparent th a t although there are some discrepancies 
between the Teleclinometer and single-shot readings, these are of a m inor 
character in comparison with the very much lower readings obtained by  the 
acid bottle.

T e s t s .

In  practice the  acid bottle is lowered in a bill on a  wire-line. In  this case 
the readings were taken  inside 2 |- in ch  in ternal flush drill pipe, and  the bills 
used were firstly one supplied by the m anufacturers of the  wire-line, using 
a large bottle, and secondly one of local m anufacture using a  small bottle.

Both bills were used in the  tests, and, in order to  guard against errors 
due to  divergence of the  axis of the bottle-holder from the axis of the bill, 
the bill was turned through varying am ounts between each set of tests.

The true deviation was obtained by means of a plum b bob and an  offset 
scale, and it  is estim ated th a t an accuracy of ¿ 0 -1 ° was obtained.

All acid-bottle readings were recorded by two observers w ith no p re
conceived idea of the  actual readings, and in  several of the tests the  bottles 
were mixed and duplicate readings recorded.

Conditions in practice were followed as far as possible by varying the 
time of exposure to  the  acid and by using new and asphalt-filled bottles 
alternately.

In  all, five series of tests were undertaken, and the  results are shown in 
Table I. In  recording acid-bottle deviations, “ Face-Left ” and “ Face- 
R ight ” readings are taken  on each bottle, and  the mean recorded. I t  will 
be noted th a t  in some cases there is some divergence between the readings 
recorded by the same observer and also by  different observers. I t  m ust be 
adm itted  th a t  the acid bottle  is not a  precision instrum ent, bu t in the m ajority  
of cases there is quite reasonable consonance between the various readings. 
Fig. 1 shows a small acid bottle  draw n to scale, together with lines denoting 
liorizontality and a deviation of 5°. This illustrates in a graphic m anner the 
difficulties a tten d an t on reading an  acid bottle accurately to J°, and the fact 
th a t such close correlation was obtained in the readings shown on the table 
is quite notew orthy.
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T A B L E  1.

3 5 1

True
Dev’n,

T e s t  1. T e s t  2 . T e s t  3.

Small bottle. Local 
bill.

Small bottle. Local bill 
(turned 30°).

Small bottle. Local bill 
(turned 00°).

Obs.
1.

Obs.
2. A vge. Diff. Obs.

la.
Obs.
lb.

Obs.
2. Avgc. Dill. Obs.

la.
Obs.
lb.

Obs.
2a.

Obs.
2b. Avgc. DifT.

0
0-00
0-75
1-00 
2-00
3-00
4-00 
500 
0-00 
7-00 
7-50

10-00

0

0-50
1-25
1-75
2-25
2-75
3-75

0

000
0-75
1-75
2-25
2-75
3-00

0

0-25
1-00
1-75
2-25
2-75
3-38

-0-50
000

-0-25
-0-75
-1-25
-1-52

0-50
1-00
2-75
3-50 
3-50

1-00
2-00
2-75
3-75 
3-75

0-50
1-50
2-25
3-50 
3-50

0-67
1-50
2-58 
3*58
3-58

-0-33
-0-50
-0-42
-0-42
-1-42

© 
. om

coocio 
, 

.
o 

© 
0<M

©
©

0©
^»

6 
rtîicb^-i-iuô

O
0-25
1-00 
2-00 
300 
3-75 
3-75 
5-00 
5-75

0-25
0-75
1-50
2-00 
3-25
3-25
4-50 
5*25

0-25
0-75
1-75
2-00 
3*00
3-00
4-50 
5*25

0-19
1*00
1-875
2-50
3-50
3-60
4-50
5-50

0
+019

0-00
-0-125
-0-50
-0-50
-1-40
-1-50
-1-50

T e s t  4. T e s t  5.

True
D ev’n. Large bottle. Wire-line bill.

Avge. Diff.
All-in
avgc. Diff.

Obs. la. Obs. lb. Obs. 2a. Obs. 2b. Avge. Diff.
o o o o o O 0 O o o

0-00 0*50 0-50 0-50 0-50 0-50 +0-50 0-25 + 0-25 0-31 + 0-31
0-75 _ — --- — — — — 0-25 -0-50
1-00 0-75 0-75 1-00 1-00 0-875 -0-125 — — 0-89 - 0-11
2-00 2-50 2-50 1-75 2-25 2-25 + 0-25 __ — 1-84 -0-16
3-00 3*00 2-025 2*25 2-25 2-53 -0-47 — — 2-47 — 0-53
4*00 2-75 2-75 1-75 2-25 2-375 -1-625 — — 3-05 — 0*05
5-00 3-50 3-75 3-50 3-50 3-50 -1-44 3-25 -1-75 3-47 —1-53
0-00 _ — — _ --- — — — 4-50 —1-50
7*00 _ _ _ _ _ — — — 5-50 -1-50
7-50 _ _ _ _ _ _ 6-06 -1-44 0-00 -1-44

1000 — — — — -- — 7-56 -2-44 7-50 -2-44

The all-in averages of aeid-bottlc readings were as follows :—

T ru e  devia tion . A cid-bottlo
deviation . Difference. R em arks.

0-00° 0-25° +0-25°
0-75 0-25 -0 -5 0
1-00 0-89 -0 -1 1
2-00 1-84 -0 -1 6
2-50 1-56 -0 -9 4 N o t recorded on T able  I .
3-00 2-47 -0 -5 3
4-00 3-05 -0 -9 5
5-00 3-47 -1 -5 3
6-00 4-50 — 1-50
7-00 5-50 -1 -5 0
7-50 6 0 6 -1 -4 4

10-00 7-56 -2 -4 4

These points are shown in black in  the chart (Fig. 2), and  an average 
line has been draw n through them . The line of true deviation is shown as 
a do tted  line.
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This chart indicates a definite tendency to  increased divergence between 
true  and  acid-bottle readings w ith increased deviation from the vertical. 
A t low figures of deviation the acid-bottle reading is tolerably accurate, and 
i t  is for this reason th a t earlier Teleclinometer readings showed reasonable

( f

_y
__✓

F io . 1.

correlation with those of the acid bottle. I t  is interesting, however, to  note 
th a t  even th is minor variation is very closely corrected by use of the chart, as 
is shown hereunder :—

W eighted W eighted C orrected
W ell. teleclinom oter aeid-bottlo acid -bo ttle Difference.

dev iation . dev ia tion . doviation.

A 1-16° 0-88° 1-20° +0-04°
B 1-12 0-80 1-05 - 0 0 7

A t the tim e these acid-bottle readings were taken  i t  was the custom to 
drop the bill down the drill pipe, where i t  seated in  a  special sub. The bill 
was therefore accurately centred in the  drill pipe. Now th a t a  wire-line is 
used for lowering, no sub is provided. I t  is possible, if no t probable, 
therefore, th a t  the  tru e  deviation will tend to  be minimized, owing to  the
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tolerance between the bill and the internal cross-section of the  drill pipe. In  
any  case the corrected acid-bottle readings shown on page 349 are still 
somewhat on the low side in comparison w ith the readings obtained by 
the single shot. The single-shot readings have been selected as the in stru 
m ent was a very close fit w ith its spring guides in 44-inch casing.

D epths, ft. Single-shot
readings.

A cid-bottle
readings.

Corrected
ncid-bottlo
readings.

Difference.

721 3-50° 2-71° 3-50° -0 -0 0 °
1200-1205 4-00 2-50 3-25 -0 -7 5
1440-1418 4-50 3-25 4-20 -0 -3 0
1087-1085 5-25 4-00 5-15 -0 -1 0
2109-2175 4-00 2-50 3-25 -0 -7 5
2410-2395 4-00 2-50 3-25 -0 -7 5

A vert go : -0 -4 4

I t  is considered, however, th a t an  average error of less th an  4° is all th a t 
can be expected of the acid bottle.

I t  is probable th a t the  discrepancy between true and acid-bottle readings 
of deviation is due to  a  combination of the following causes :—

(а) A tendency to  read the etched line low for the higher deviations.
(б) Variation of the etched line from th a t of the original meniscus.
(c) Distortion of the meniscus a t  the liquid/glass contact a t  the

higher angles of deviation.

In  order to  see if there was any  possibility of observing these phenomena, 
a board was taken and a slot was cut in i t  to  accommodate an  acid bottle. 
This acid bottle was m arked on the shoulders in such a way th a t i t  was 
oriented in exactly the  same position for each observation. The board was 
held in  re to rt stands and was tilted  in  one plane from horizontality through 
increments of 24° to  a figure of 10°. W ater was first used in the  bottle, 
and  the  position of the meniscus was m arked on either side of the  slot in  the 
board. The w ater was then  replaced by acid and the same procedure 
followed before etching had commenced. Between movements of the board 
a little  more acid was added to  ensure th a t the  etched lines were no t super
imposed. The inclination was read in  each case by a large protractor and 
parallel rule.

The following results were obtained for the deviation as recorded by the 
actual liquid-level line :—

Truo
deviation .

D oviation of 
surface of liquid. Average. Difference. R em arks.

0-00° 0-25° __ +  0-25° W ater.
0-00 0-25 0-25° + 0-25 Acid.
2-50 2-75 2-75 +  0-25 Acid.
5-00 4-50 4-375 -0 -5 0 W ater.
5 0 0 4-25 — -0 -7 5 Acid.
7-50 7-25 7-2 5 -0 -2 5 Acid.

1000 8-75 8-875 -1 -2 5 W ater.
10-00 9-00 — - 1 -0 0 Acid.
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These results indicate th a t

1. There is no difference between w ater and  acid if  the  actual fluid 
level is taken as the basis of measurement.

2 . Some distortion of the  meniscus m ust take place a t  the  glass/liquid 
contact a t  the  higher angles of deviation.
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C H A R T S H O W IN G  V A R IA T IO N  B E T W E E N  O B S E R V E D  A N D  T R U E  D E V IA T IO N S . T O  C O R R E C T  

A C ID -B O T T L E  R E A D IN G S , R E A D  O N  H O R IZ O N T A L  S C A L E  A N D  FO L L O W  V E R T IC A L L Y  
T O  T H IC K  L I N E .  T H E N  O B T A IN  T R U E  R E A D IN G  O N  V E R T IC A L  S C A L E .

E.g. O bserved D eviation  =  2-/50°.
T rue  D eviation  =  3-25°.

The average of the  above readings are plo tted  on Fig. 2 and the 
full black line is an  average curve through them . I t  will be noted  th a t 
whilst the deviation from the tru e  inclination is quite appreciable in the 
higher ranges, i t  is of only m inor importance in the range usually encountered
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in wells intended for verticality. Thus even a t a true inclination of 5° 
the apparent deviation of the liquid level is 4-65°, which is quite sufficiently 
accurate.

In  comparison with the above figures the etched-line readings were as 
follows :—

T ru e  deviation . E tchod-lino deviation . E rro r.

000° 0-375° +  0-375°
2-50 1-50 -0 -0 4
r>-oo 3-25 -1 -7 5
7-50 0-00 -1 -4 4

10-00 7-56 -2 -4 4

I t  is a t  once apparent th a t the  deviation of etched-line readings from 
liquid-level readings and its m uch greater deviation from the tru e  readings 
is a m atte r of considerable moment.

During the actual process of etching there was an  apparent drop in the 
liquid level which did not appear to  parallel the original liquid level. The 
fall in  level is probably due to  chemical interaction between the  glass and 
the  acid. The apparent non-parallelism of the  earlier and later fluid levels 
m ay be due to  variation of the contact angle between the  glass and  acid 
after the  liquid and glass have undergone chemical change a t  the  surfaco 
boundary.

C o n c l u s io n s .

I f  deviations recorded by the acid bottle are merely used as indicators of 
relative verticality, it  is considered th a t, if they  are corrected by the use of 
the C hart (Fig. 2), they  will be of sufficient accuracy for all practical 
purposes.

The desirability of carrying out oriented surveys in addition to  the  routine 
acid-bottle tests is governed by m any factors, such as :—

(a) The average depth of the wells.
(b) The spacing interval.
(c) The ex ten t of denudation of the  producing formation.
id) The ex ten t of horizontal drift.
(e) The lengths to  which an  operator is prepared to  go to  ensure 

penetration of the producing form ation a t  defined geographical points 
once the underground spacing p a tte rn  has been determined.

(/) The thickness and persistence of the oilsand bodies.
(¡7) The limits of accuracy in term s of relative verticality  th a t can bo 

obtained by conventional drilling a t  the  average economic drilling 
speed.

This list could be expanded indefinitely, b u t the factors cited are sufficient 
in themselves to  indicate the  wide scope of the  subject.

In  the w riter’s opinion, if  corrected acid-bottle deviations are used to 
calculate horizontal drift, assuming th a t such deviations are in one constant 
direction, and if such drift is less th an  10  per cent, of the spacing interval, 
oriented surveys, although desirable, are no t essential.
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A ny consideration of this subject leads inevitably to tlie conclusion th a t 
for all normal drilling operations a  high standard  of relative v e rtica lly  
should be the aim of all operators. Uncontrolled drilling m ay result in 
cheaper drilling costs a t  the  expense of u ltim ate productivity . This is 
obviously uneconomical. As a  measure of relative verticality  the acid 
bottle is simple and trustw orthy  in the lower ranges of deviation. In  the 
higher ranges recourse m ust be had to  an  oriented survey to  determine the 
point of penetration into the producing zone.

In  the three wells cited on page 319 the following horizontal drifts were 
recorded :—

Well. D ep th , ft. H orizontal d rif t, ft.

A 3050 50-0
B 2300 41-5
C 4350 GO-O

These wells were no t specially selected because of their small deviation 
and are by no means abnormal.

The average well depth of the  completions drilled by  Apex (Trinidad) 
Oilfields, L td ., in  the past year, together w ith the average deviation and 
calculated horizontal d rift were as follows :—

Average well 
d e p th , ft.

No. of 
readings.

O bserved
average

deviation .

C orrected
averago

deviation .

Average 
horizon tal 
d r if t, ft.

4510 1 pe r 125-6 ft. 0-66° 0-85° 07-0

These figures m ight he further reduced by the use of longer drill-collar 
sections.

A short table is appended showing the  horizontal d rift of a 3000-feet well 
a t  various inclinations of the  hole from the vertical.

In c lin a tio n  of 
hole from  vertical.

H orizon tal 
d rif t, ft.

V ertical d e p th  
drilled , ft.

0-50° 26-1 3000
1-00 52-5 2999
2-00 104-7 2999
3-00 156-9 2996
4-00 207-4 2993
5-00 261-6 2989

The author wishes to  express his thanks to  Messrs. Apex (Trinidad) 
Oilfields, L td., for permission to  read this paper.
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T H E  U S E  O F  B I T U M E N  E M U L S I O N  I N  S O I L  

S T A B I L I Z A T I O N . *

By A. E. L a w r e n c e ,  B.Sc., A.I.C.

I n t r o d u c t io n .

The subject o f soil stabilization is one to  which, until com paratively  
recent years, very little  attention  has been paid, either in  the laboratory or 
in actual practice. This is even more so when the uso o f bitum en emulsion  
as a stabilizing agent is considered.

The development of soil stabilization has led to  the establishing of m any 
well-equipped soil-testing laboratories, and to  m any miles of constructional 
work being carried out, using the soil as a basis. This is due principally to 
the investigations of C. A. Hogentogler in America, and other notable soil 
scientists, such as Tcrzaghi and Attorburg. Their investigations, however, 
were not carried out from the point of view stabilization w ith bitum en 
emulsion or any other agent initially, bu t were ra ther concerned w ith the 
design of stable soil mixes by careful control of the grading, etc. This, in 
tu rn , led to  the addition of various m aterials to  the natu ral soil in order to  
improve the inherent stability . Among such m aterials m ay be mentioned 
calcium chloride, sodium chloride, ta r , cement, bitum en, etc. The mode of 
action of these various m aterials is, however, entirely difforcnt. For 
example, the purpose of adding such chemicals as calcium chloride is to  keep 
the moisture content of the soil a t  w hat is term ed the “ optim um  moisture 
content ”—th a t is, the  moisturo content a t  which it  exhibits its m axim um  
strength. The action of such binding agents as stable bitum en emulsion 
differs in th a t a waterproofing effect is im parted to  the  soil, and the soil 
m ust d ry  out as far as possible before the maximum resistance to  w ater is 
attained.

T h e  U s e  o f  B it u m e n  E m u l s io n  i n  S o il  S t a b il iz a t io n .
D e f i n i t i o n .

For our purpose, it  is convenient to  divide soil stabilization into two 
categories :—

Soil stabilization w ithout waterproofing.
Soil stabilization w ith waterproofing.

The first group m ay be defined as “ the process of giving natural soils 
enough abrasive resistance and shear strength to  accommodate traffic or 
loads under prevalent weather conditions w ithout detrim ental deform ation.”

This definition will also apply to  the second group, with the proviso th a t 
the stabilization be achieved principally by the addition to  the  soil of a 
waterproofing agent such as bitum en emulsion.

In  the first case stab ility  is im parted to  the  soil simply by regrading; in 
the second case this stab ility  is supplemented and made more effective by 
the addition of a waterproofing agent.

* Paper read  a t  a  m eeting  o f tho  In s titu to  o f P etro leum  A sphaltic  B itum en  Group 
on IGtll Jan u a ry , 1910,
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Composition of Soil.

In  order to  obtain a clear idea of w hat is m eant by soil stabilization, it  is 
necessary to  consider the composition of soils in general, and the properties 
of each component part. Each soil m ay bo considered to  consist of four 
groups of m aterials :—

1. Mineral m atter, including colloidal clay.
2. Organic m atter.
3. Soil moisture.
4. Soil air.

Of these we are chiefly concerned w ith the mineral constituents and their 
relationships with w ater. I t  m ay be mentioned, however, th a t  the presence 
of organic m atte r is, in  general, detrim ental to  the stab ility  of the soil.

The mineral m atter is composed of particles differing widely in  shape, size, 
and  chemical composition, and having vastly  different reactions to  water. 
The first essential is to  decide on the num ber of fractions to  be distinguished 
and to  define these fractions by particle sizo. Much confusion has hitherto  
existed on th is point owing to  th e  use of different scales in  different countries. 
The In ternational Society of Soil Science decided to  use the  following 
fractions :—

2—0-2 mm. Coarse sand.
0-2—0-02 mm. F ine sand.

0-02—0-002 mm. Silt.
Less th an  0-002 mm. Clay.

This scale, however, while very convenient in  th a t the  successive particle 
size lim its are a t  equal logarithm ic intervals, is not sufficient for our purpose, 
and the  following classification has .therefore been accepted :—

Passing. R eta ined.
1" . . . . . .  Largo stono.
1" . J "  . . . .  M edium  stono.
i "  . . . 8 m esh (2 m m .) . . Sm all stone.

8 m esh . 36 „ (0-42 m m .) . . Coarse sand.
36 ,, . 300 „  (0-053 m m .) . . F ine  sand.

300 „ . . 0-005 m m . . . . Silt.
0-005 m m . . 0-001 m m . . . . Non-colloidal clay.
0-001 m m . . . . . . .  Colloidal clay.

(Truo colloid . . . 0-0001 m m .)

T hat portion of the soil passing the 8-mcsh siovc is often called the soil 
m ortar, although some workers prefer to  reserve th is term  for th a t portion 
passing the 36-mcsh sieve.

For general purposes i t  is customary to  classify as clay any  m aterial 
which passes the  200-mesh sieve (0-076 mm.). I t  is the  clay fraction which 
is the im portant p a rt of th e  soil as far as soil stabilization is concerned, and 
it  is worth while considering it  in  greater detail.

Clay consists of well-weathered m aterials, chiefly complex silicates, the 
m ost im portant constituent being aluminium silicate. The clay is pre
em inently the active portion of the soil, the  coarser fractions being inert. 
The properties distinguishing clay from the remainder of the soil a r e :—

1. R etention of water by imbibition. Hence the presence of a considerable
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proportion of clay in a soil confers a high water-holding capacity on the soil. 
This is important in connection with the drainage of a stabilized soil site.

2. Plasticity when mixed with certain proportions of water. No matter 
how much water is added to sand, a plastic mass is never obtained. When, 
however, a clay-bearing soil is mixed with a definite quantity of water, 
defined by the plastic limit, a plastic mass is obtained.

3. The clay fraction confers very marked cohesive properties on the soil. 
I f  sand, free from clay, be moistened with water, moulded, and allowed to 
dry, the sand crumbles with the slightest stress. In fact, the samples 
cannot bo taken out of the moulding apparatus without breaking up 
completely. When, however, clay is admixed with the sand, a sample is 
obtained which may bo removed from the mould with ease, and which will 
withstand considerable applied stresses, the force required to break the 
samples increasing with the increasing clay content. The following 
figures show the effect of increasing clay content (in this case taken to mean 
increasing 200-mesh content) as measured by a compression t e s t :

Porcentago of Clay. Compression Tost.
0  0  lb.

25 850 lb.
50 1,000 lb.
75 1,250 lb.

1 0 0  1 ,0 0 0  lb.

The clay used in these tests was a rather non-colloidal one, otherwise the 
figures would have been much higher.

T h e o r y  o f  S o il  S t a b il iz a t io n .

It is on this cohesive strength of clay that our conception of soil stabiliz
ation is based. A clay soil is extremely stable naturally when dry, but when 
it reaches a definite moisture content, it loses all its stability, and is easily 
deformed and displaced by a load. A wet clay soil may be considered to 
have its particles surrounded by two types of water—free and adsorbed. 
The free water has the ordinary freezing point, boiling point, etc., of ordinary 
water, and is easily removed by evaporation. The adsorbed water films, 
however, are held by molecular attraction to the clay particles and have 
higher boiling points, lower freezing points greater surface tension and 
are more viscous than free water. Moreover, they cannot be removed by 
evaporation, and according to Terzaghi, they become semi-solid substances 
at thicknesses <  than 2 millionths of an inch. It is the strength of these 
thin films of moisture which gives stability to a clay-bearing soil when dry. 
When a wet clay soil dries, the free water evaporates, leaving tho clay 
particles bound together by the strength of the thin films of water on their 
surface. This so-called “ dry ” clay may still contain 5 per cent, of water, 
which can only bo removed by such a temperature as would cause chemical 
destruction of the clay itself. When, however, this clay is exposed to tho 
action of water, it rapidly takes up water, due to the large number of 
capillary channels present, and the adsorbed films become thicker, and lose 
their strength, with tho result that tho soil mass falls to pieces. The 
essence of the above theory is due to Terzaghi, who has collected much 
experimental data in support of it, What happens when a stable bitumen

*



3 6 0 LAWKENCE : THE USE OF

emulsion is added to the soil is not clear, but the practical result remains 
that a clay-hearing soil that has been treated with a stable bitumen emulsion 
in the correct proportion is extremely resistant to capillary water. Sufficient 
bitumen is not added to waterproof the soil completely, as this would, in 
most cases, not be an economic proposition. The only case where this is 
done is in that of a very sandy soil, forming a bituminous sand carpet, 
which is rather different from soil stabilization proper. In general, enough 
bitumen is added to ensure that the water absorbed by the treated soil will 
never bo sufficient to render the soil unstable and unable to carry a load.

Before discussing the tests carried out on a soil to determine tho amount 
of bitumen emulsion it is necessary to add, it will be advantageous to con
sider very briefly tho groups into which soils have boon classified for engin
eering purposes. Much of this work has been carried out in America, and 
was performed primarily to obtain definite figures for a soil which will carry 
a load under adverse moisture conditions. Such a soil has been termed an
A .l .  Group soil. For re-grading, this is the group that is aimed at. The 
size analysis of this group is :—

Not moro than 50 per cent, to be retained on tho 8-mesh sieve. Tho 
actual soil mortar to consist of (according to Hogentogler) :

This is stated to be “ a well-graded material, highly stable under wheel 
loads, irrespective of moisture conditions.”

There are seven other groups of soil, each of which has some characteristic 
which renders it  unsuitable for bearing a load under moist conditions, 
unless treated in some way. I t  is usual to add either sand or gravel, or, in 
the case of a sand (Group III) clay, to bring the grading within the above 
limits, when the soil is presumably suitable for carrying a load in the 
presence of water.

Whilst it is quite true that a soil belonging to Group A .l . will carry a load 
in the presence of water better than one belonging to any other group, 
experiment has shown that the statement “ irrespective of moisture 
conditions ” needs modification. Samples were prepared of soils of various 
gradings (Group III omitted), dried, and subjected to a compression test. 
A curvo was obtained which started at 500 lb. for the A.I. soil (with the 
lowest amount of clay) and rose to 2600 lb. for a soil containing the highest 
amount of clay (the soil actually belonged to Group VII). When these 
samples were subjected to a capillary water-absorption test, followed 
immediately by a compression test, the results were reversed, the A.I. soil 
taking a load of 20 lb., but the rest collapsed under their own weight.

Thus, although the A .l . soil withstood the action of water better than the 
remainder, the bearing capacity would not appear to be sufficient under any 
moisture conditions. In any case, tho working limits are very restricted.

Cl a s s if ic a t io n  o f  S o il s .

Clay
Silt
Fine sand 
Coarse sand .

1 0 -2 0
20-50
35-50

5-10 per cent.
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When, however, a well-graded soil is either completely or partly water
proofed with a stable bitumen emulsion, it is enabled to carry a load in the 
presence of water.

B y complete waterproofing is meant imparting to the soil ability to resist 
complete immersion in water. This can only be achieved economically in a 
few cases.

B y “ partial waterproofing ” is meant rendering the soil sufficiently 
resistant to capillary water absorption to enable it to carry a load under wet 
subsoil conditions. This may be economically achieved by the addition of 
bitumen emulsion to tho soil.

T e s t s .

Turning now to tho tests carried out on a soil which it is proposed to 
stabilize with bitumen emulsion, it is obvious that the most important is the 
size analysis test. For this purpose the soil is carefully sieved through the
1-inch, -]-inch, 8-, 36-, and 200-mesh sieves. It is washed through tho 
200-mesh sieve until the issuing water is clean.

For determination of the percentage passing 0-005 mm. and 0-001 mm., a 
method dependent on the rate of settling of dcflocculated soil is used.

It is advantageous to plot a grading graph, tho percentages of each size 
being plotted on an arithmetic scale and the actual particle size on a loga
rithmic scale.

Having obtained the size analysis of the soil, it is usual to determine the 
liquid and plastic limit of the soil. The liquid limit may be defined as that 
percentage of water which it is necessary to add to oven-dried soil in order 
that the mixture may flow freely. It is determined by a standard method 
using a special grooving tool.

The importance of the liquid limit from tho point of view of stabilization 
with bitumen emulsion lies in the fact that it is only when the soil is in this 
condition that it may bo mixed evenly and easily with the emulsion to give a 
perfect dispersion of the latter throughout the soil mass. In applying this 
statement to practice, however, due consideration must be given to climate 
and other factors, such as drainage, appertaining to the area in question.

The jjlaslic limit is defined as the lowest moisture content expressed as a 
percentage of the oven-dried soil at which the soil may be rolled into 
threads ¿-inch in diameter without the threads breaking into pieces. Here 
again it is very simply determined by a standard method.

It should be noted that both the liquid and plastic limit tests are carried 
out on that portion of tho soil which passes the 36-inesh sieve.

Tho plastic limit of a soil represents that moisture content at which 
optimum consolidation will take place. Once tho soil dries beyond tho 
plastic limit, consolidation becomes more difficult, due to the tendency of the 
soil to crumble under the roller.

Tho difference between the liquid and plastic limits of the soil is known as 
tho plasticity index of the soil. This index is a measure of tho range over 
which the soil will remain plastic.

It is possible to calculate the plasticity index approximately from the 
liquid limit of the soil, if  tho type of soil is known. Generally speaking, tho 
finer the state of subdivision of the soil, tho higher is tho plasticity index, 

o o
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Having carried out a size analysis and determined tlio liquid and plastic 
limits of the soil, it may then be assigned to one of the eight groups. This 
then gives an excellent indication of the probable behaviour of the untreated 
soil under varying conditions. When, however, it is proposed to treat the 
soil with bitumen emulsion, these groups are relatively unimportant, as 
stabilization by this method permits of a much wider variation in the 
grading of the soil than any other method. It has, in fact, been stated by 
Hogentogler himself in a review of the study of Road Subsoils, reported in 
Public Roads, Yol. 19, No. 6, that “ where only fine or poorly graded materials 
are available, asphaltic binders may be utilized to provide stable base 
courses to be covered with bituminous surfaces.”

In practice, the limit for the quantity of fine material is set chiefly by 
economic considerations. Where too high a percentage of 200-mesh 
material is present, the quantity of emulsion involved makes the process too 
expensive. It appears from specifications issued by various American 
Highways Authorities, such as the Bureau of Public Roads, Texas State 
Highways, Ohio State Highways, etc., that it is not desirable for the percent
age passing the 200-mesh sieve to be greatly in excess of 25. This has been 
precisely our experience both in the laboratory and in practice, that the best 
results are obtained, from both the technical and economic standpoints, 
when the 200-mosh content is between 20 and 30 per cent.

It is not claimed, however, that a satisfactory base cannot be obtained 
with low 200-mesh contents, but such cases cannot be termed true soil 
stabilization, which relies on the bonding action of the clay for its strength, 
as here the bitumen/clay ratio is such that the strength results from the 
bitumen itself. In order to determine whether satisfactory stabilization 
may be achieved with bitumen emulsion, cylinders arc made and tested for 
capillary water absorption by standing them on a wet base for a definite 
time.

It may be wondered why the samples are not tested for water absorption 
simply by immersing them in a dish of water. The answer to this is two
fold :—

In the first place, our conception of soil stabilizaton does not mean the 
complete waterproofing of the soil. What is inferred by soil stabilization 
with bitumen emulsion is rendering the soil sufficiently resistant to capillary 
water absorption to enable it to carry a load when laid on a wet foundation.

In the second place, total immersion would not represent the conditions 
obtaining in practice, where it would not be considered good engineering 
to have the subgrado of a road, parade ground, etc., continually under 
water. The top of a stabilized soil base is always sealed with a strongly 
water-resistant armour coat. Thus, the only source of water for the 
stabilized soil is from the subgrade, from which it will only take up water 
by capillarity.

These conditions havo been reproduced as far as possible in the absorption 
chamber, the source of water being at the bottom only.

The second test carried out on these samples is the compression test. 
The samples immediately after removal from the water-absorption test are 
compressed and the maximum reading on the gauge before the sample 
cracks is noted. The test is carried out under standardized conditions, and 
pressure is applied at a uniform rate. It has been found that an untreated
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soil, when tested in tho above manner, will not stand much more than 15 lb. 
per square inch, whereas the minimum pressure for a properly stabilized 
sample is in tho region of 100 lb. per square inch. It is, in fact, not unusual 
to obtain a soil which, when properly stabilized, and after exposure to tho 
water-absorption test, will withstand a pressure of 250 lb. per square inch.

The tests outlined above afford an excellent indication as to whether 
satisfactory stabilization has been achieved with bitumen emulsion. For 
confirmatory purposes, however, further detailed tests are carried out, 
which it is not possible to describe in a paper of this type.

The normal quantity of emulsion required is 6-10 per cent, of emulsion 
by weight of tho soil fraction, exclusivo of stone. This might appear to bo 
rather a low percentage, but practical results have justified its use. I f  I 
may again be allowed to quote from the previously mentioned article by 
Hogentogler in Public Roads, ho states :—

“ In the case of bituminous treatments, there is apparently a rather 
flexible range of quantity of treating agents which may be used. As 
judged by their behaviour, mixtures near the upper limit of tho range 
mentioned appear to bo more critical than those near tho lower limits, no 
radical failure being noticed in sections approaching excessive leanness, 
whereas an excess of bitumen has immediately produced plasticity and loss 
of stability.”

P r a c t ic a l  W o r k .

The method adopted for tho execution of soil stabilization in practico 
depends to a very large extent on the area in question. Where a relatively 
small area, such as a footpath or a small school-yard, is to bo treated, it 
will probably be most convenient to mix the soil by hand or in a concrete 
mixer. For a larger area—say, over 5000 square yards—it is usually more 
convenient to carry out the work using earth-moving and mixing machines 
drawn by caterpillar tractors.

When tho rapid treatment of a large area is required, a special mixing 
machine is used.

It is not proposed to describe these methods in detail, as they are best 
observed from the films.

Co n c l u s io n .

Whilst it has not been possible in the time available to deal with the soil 
stabilization in all its aspects, or to elaborate on such questions as laboratory 
technique and control methods, it is hoped that sufficient has been said to 
indicate what are believed to bo tho underlying principles. Much interest 
has been shown in the subject in the last few years, and this interest shows 
no signs of waning. It is in America, however, that the greater part of the 
work has been carried out. In that country official tests have been carried 
out using different materials for the treatment of soils—e.g., bitumen 
emulsion, tar, cement, etc.—and I cannot do better than conclude by 
quoting some of the conclusions that have been reached by the American 
Bureau of Public Roads as reported in various issues of their journal, 
Public Roads.
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1. “ It is indicated that all the methods employed may be successful, 
but the relative economy of the various methods depends on local conditions 
associated with the project. Mechanical stabilization assumes the avail
ability of an ample aggregate supply. Economy limits cement stabilization 
to soil types requiring a relatively small amount of cement. In other 
cases, bituminous treatments will generally prove more economical and 
adaptable.”

2. “ In bituminous stabilization three methods of treatment—machine 
mixing, sub-oiling, and road mixing—have all been successfully employed. 
The sections of road-mixed material are of too recent date to be fairly com
pared with the other sections, but the results obtained so far give no 
indications of inferiority.”

3. “ Under the conditions used, and based on the length of servico thus 
far observed, no appreciable difference has been noted in the stability 
produced, or the durability obtained with the various bituminous agents 
used.”
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SOIL MECHANICS IN FOUNDATION 
ENGINEERING.*

By R. L. J a m e s , B .S c., A.M.Inst.C.E., A.M.I.Struct.E.

F o r  many years engineers and chemists have studied the properties of 
building materials such as steel, concrete, and timber, until to-day it is 
possible to design huge chords of a Sydney Harbour Bridge in high-tensile 
steel alloys and to compute the effects on it of the primary stresses of load
ing, impact, and wind, and the secondary stresses imposed by temperature 
and joint deformation. Our knowledge of concrete water cement ratios, 
grading, and workability also permits the safe design of a boulder dam, or 
a fifteen-storey reinforced-eoncrete building subjected to earthquake 
stresses.

It is only during comparatively recent years, however, that soil has 
received much attention as an engineering material. Tliis despite the 
fact that soil problems are important in earth-fill dams, stopbanks, retain
ing walls, building and bridge foundations, irrigation and drainage schemes, 
tunnel linings, railway cuttings and embankments, harbour reclamation, 
landing-fields and road subgrades.

Agricultural soil physicists such as Atterberg, Oden, Robinson, and 
Russell were among the first to establish definite soil tests as a means to  
describing soils of which there was some practical field experience. T avo 
English engineers, Crosthwaite and Bell, published papers on the lateral 
pressure of soils on retaining Avails, in the Proceedings of the Institution of 
Civil Engineers.

Then came Dr. Terzaghi, Avho has exerted a very considerable influence 
over the subject from an engineering point of view. As lecturer in the 
American Roberts College in Constantinople, as Professor of Soil Mechanics 
at Massachusetts Institute of Technology, and as Professor of Civil En
gineering at the Hoch Schule, Vienna, ho has concentrated on shoAving 
Avhat movements of Avater Avill occur in the soil under giAren forces of load 
or Avater pressure, and Avhat settlements or slips may result. Dr. Casa- 
grande of HarA'ard University has elaborated on the calculations of Bous- 
sinesq in order to predict the stresses imposed at different points of a soil 
mass under large area foundations of different shapes. The Americans 
Gilboy, Bouyoucos, Krynine, Hogcntogler, and Proctor haA'e devised or 
modified tests as an aid to describing the soils encountered. Men at the 
Rothamsted Agricultural Experimental Station, such as Russell, Coutts, 
Keene, and RachoAvski, have thoroughly explored several other tests, 
particularly those dealing Avith Avater absorption and SAvelling. Dr. 
Hanna and Dr. Tschebotareef have done ATaluable Avork in Cairo comparing 
laboratory predictions of settlement Avith levels taken periodically on 
actual buildings. The American Bureau of Roads has divided soils into 
eight classes for highAvay Avork, and this classification has been copied with

* Paper read at a meeting of the Institu te of Petroleum Asphaltic Bitum en Group 
on 16th January, 1940.
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little change by the Main Roads Board of Victoria, Australia. Soil labora
tories have been organized more recently in England in collaboration 
with the work of the Building Research Station and the Road Research 
Station.

Soil work was commenced in New Zealand at Canterbury College in 
1930. About the first four years were devoted to a study of the tests, 
and the remainder of the time to building up tables of soil information, 
tracing relationships between the various physical properties, and advising 
on actual practical problems of construction and design. As a result we 
have now been able to select a few tests on which the greatest number of 
physical properties of engineering importance depend. We use these 
tests to compare new soils with those of which we have definite construc
tional experience.

There is an increasing flood of literature on soil mechanics these days in 
the technical press—some printed in German, others in Dutch, Swedish, 
Russian, and in Calculus. Articles on soil mechanics by mathematicians 
with no engineering experience and by engineers with shaky laboratory 
technique must often be read with a certain amount of discrimination.

Soil Behaviour.
Soils consist of sand, silt, clay, and humus or organic matter. The sand 

may be silica, and the clay hj'drated aluminium silicate, but the names do 
not depend on chemical composition. Clays owe their behaviour chiefly 
to the fact that the grains are very small and platy rather than spheroidal. 
The humus is important chiefly because of its effect on the water-holding 
capacity of the soil. The fine particles of clay will remain suspended for 
a long time in water—that is to say, they are colloidal. They have a surface 
area large compared with their weight, and hence the electrical charges 
on their surfaces are much more important than the forces of gravity. 
Small particles of clay may be introduced into a drop of water on the slide 
of a high-powered microscope, and it will be seen that many of the particles 
or specks are constantly in motion, darting this way and that—in Brownian 
movement—due to bumps by molecules of water always in vibration.

It is considered that each colloidal speck is surrounded by a film of 
liquid which helps to cushion the blow when two particles collide. This 
film may bo charged negatively or positively, and if the charges are altered 
by adding an electrolyte or by passing a current through the column, the 
protecting film leaves the particle. On collision they stick together (or 
“ flocculate ”), their weight becomes more important than their surface 
charges, and they sink. This flocculation—or gathering together in flocks— 
is well known, whence the use of lime to improve the tilth of the soil in 
agriculture.

Influence of Grain Shape.

There is the famous Reynold’s bag experiment. A rubber bag was filled 
with sand and the stopper opening sealed; the shape of the bag could be 
easily altered. The voids were then filled with water and the top -was 
sealed. The bag became as solid as a rock. When clay was tried the bag 
could be deformed due to the sliding of some particles over others. This



occurred because the clay grains were plaby. This platyncss makes the 
determination of the settling rate of clay particles in suspension rather 
an arbitrary measurement for the grains with the same horizontal diameter 
fall at the same rate—like tin plates in a dividing competition. We 
pretend that we are measuring the diameters of spheres.

A very fine or colloidal powder or quartz has no plasticity because the 
grains are not platy.

Influence of Grain Size.
W hy does a clay soil hold a lot of water ? Much more than sand.
In  a suspension column sand grains, under the influence of their weight, 

roll until they come to depressions and build up a cannon ball structure.
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With this formation equal spheres would have a maximum volume of 
voids of 47-6 per cent.

But if the falling particles are very small, the initial friction will check 
their rolling tendency so that they stick and build up a fairly spongy 
structure. If colloidal particles are gathered in flocks by means of an 
electrolyte, the clay forming may have an open texture with 94 per cent, 
voids.

More water can therefore be retained.

Capillary Forces.
Surface tension at the top of a fine capillary tube will lift water up a 

considerable height. This tension force or negative hydrostatic pressure 
has its maximum amount just under the surface of the column. It can be 
understood that this effect becomes a big factor when there are thousands 
of these capillaries to a square inch of clay. Of course in a soil the voids 
do not form straight tubes. The voids are very small too, so that the 
ordinary laws of capillarity and viscosity may not perhaps apply rigorously.



Id some experiments it was found that for clay with a compressive strength 
of 740 lb. per square inch, the maximum capillary force =  2440 lb. per 
square inch; clay with a compressive strength of 1220 lb. per square 
inch, the maximum capillary force =  4840 lb. per square inch. In loading 
tests there is a difference between the downward vertical load applied and 
the upward capillary force. The unbalanced pressure forces the water 
out of the test specimen. Since that volume of water has gone, the 
particles can move together. In other words, settlement occurs. Since 
it takes time for the water to go out, settlement may occur slowly.

Shrinkage.

The shrinkage on drying is stated to be caused by the surface tension 
existing in the voids of the moist soil and drawing the particles closer. 
The force may be up to 5000 lb. per square inch, and acts towards the 
centre of the clay. That is to say, there is a very considerable suction; 
whenco the use of clay beauty-packs in removing impurities from the skin. 
Since the clay has more pore space than a sand, there is more shrinkage 
in a clay than in a sand. The cohesion across any section of a clay soil 
is due to this same capillary tension.

Dried soils still show cohesion, for the reason that they contain some 
water which cannot be evaporated.

Swelling.
I f  the soil be covered with water, the surface-tension forces vanish and 

the specimen swells.
Friction.

There are several different types of slips possible in sand, and there is 
no definite single coefficient of friction.

A weight resting on a clay surface compresses a clay, the outflowing 
liquid is trapped and exerts an uplift on the external object. With such 
a small pressure between the surfaces the friction force is low, and the object 
slips.

Foundations.

I have read somewhere that 70 per cent, of the engineering failures are 
due to faulty foundations. I think it must be true, too, that many build
ings which are standing well to-day have foundations which arc over-safe 
and uneconomical. This does not reflect any discredit on the engineers 
who have pinned their faith to a 12-inch block of hardwood loading test, 
or who have relied on the driving of test-piles. It is just that the whole 
matter is very complex, and as time goes on we are learning a little more 
about the many factors involved. It is not yet possible to give a com
pletely connected story or to lay down hard-and-fast rules for the guidance 
of all engineers, but it is possible to get a little closer than before—perhaps 
the factor of safety can be decreased from say 2 | to I f  in a great many 
cases.

It is not correct to imagine that because 2 tons can be carried on 1 square 
foot, it is only necessary to make a rigid footing slab 100 square feet in 
area to carry 200 tons. There are too many other factors for us to do 
that any longer.

3 6 8  JAMES : SOIL MECHANICS in  foundation engineering .
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1. The Distribution of Stresses below a Foundation.
Dr. Terzaghi, of Vienna, assisted by the'Anierican Foundation Committee 

of tlie American Society of Civil Engineers, lias organized a survey of the 
settlement of a large number of European buildings and structures. In 
each building he has fixed about twenty brass tubes, into which referenee- 
plugs screw, and these are observed at intervals with a water-level fitted 
with a special micrometer. A great deal of interesting information has 
been collected in this way, and in particular he has found that a building 
on shallow foundations sinks around the edges.

/  / ' ...■"»----- 3--- ?  /  /  '
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This was particularly noticeable with flexible tanks. If  the building is 
quite rigid, and cannot sink more at one place than another, then the soil 
reactions are least at the sides and greatest in the centre.
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(I should mention in passing that clays are the opposite— e.g., flexible 
tank behaves as shown in the diagram below.)

■ S t a f x t  A ź w c r / o s /  M m ć a / :
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If foundations are placed deeply in sand, they tend to behave as clays in 
this matter of pressure distribution, but there is some doubt on this point. 
I t  will be found easy to remember that for a flexible structure

“ Surface sands settle at the sides.”

The curved surface that would be produced if the superimposed structure 
were perfectly flexible and the soil were perfectly uniform is called “ the 
basic form of the settlement trough.” Of course this is seldom completely 
realized in practice. Where hard spots of soil occur there will be local 
“ pimples ” on the “ basic trough.” Where there are soft spots or where 
heavy column loads are applied there will be depressions. It is seldom 
that one meets an “ homogeneous ” deposit of soil the compressive strength 
of which does not vary by i  50 per cent, from the average. It is these 
variations of upthrust which cause large bending moments and shears in 
foundation frames. The design of the concrete and steel in the raft involves 
the deflection of the concrete raft, the distribution of the stresses, and the 
variability of the soil settlement. Articles on the design of rafts in this 
way appear in Concrete and Constructional Engineering, 1936 (giving a 
very heavy design) and in the Structural Engineer, March 1935.

B y Boussinesq’s mathematical studies it has been shown that soil at a 
considerable depth is affected by loading.

j 3 o / .s  o f  / fe fS X i/ w r .

Further, Dr. Terzaghi has shown by experiment that 75 per cent, of the 
total settlement takes place in sand foundations in the territory from 
0-16 down to 1-86, where 6 is half the width of the foundation—e.g., if 
26 is 60 feet, the consolidation takes place from 3 feet down to 54 feet. 
The worst foundation failures may occur where there is a strip of com
pressible clay 50-S0 feet underground. So deep exploration is essential 
for an important structure. The author is of opinion that each large 
local authority should be equipped with deep sampling gear and should 
make tests at the municipal expense for all buildings of three storeys and 
over.
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2. Ratio of Stress to Settlement.

The majority of soil engineers «sc a method adopted bj' Dr. Terzaghi.
A soil pat (undisturbed), obtained with a special sampling device, rests 

between two porous stones and is compressed by a piston fitted with 
accurate dials to record the amount of movement. There must be a free 
outlet for water squeezed out of the port; spaces.

Moisture content, compression settlement, and voids ratio are all closely 
connected, and one of these is plotted against the pressure in tons per

square foot or kgm./cm.2 The voids ratio =  V°?‘ S° ‘.'. This is
vol. ot solids m son

given the value cx when the pressure is p v  or e2 when the pressure is p...
Then total settlement under foundation

1  +  e i

Where D l =  thickness of soil layer under pressure p v

Vo id

& t 7 7 o

For example in a case given by Hogentogler.
e changes from 2-37 to 1-52 when the total load changes from i  ton to 

3 tons per square foot. So that if 3 tons per square foot rests on this 
muck soil (5 feet thick), the total settlement Mill bo

2-37 _  1-52
Q =  -  ,y X 5 feet =  1-26 feet =  15 inches (say).

3. The rate of settlement can be calculated from measuring the speed 
at which water passes through the soil and making a correction according
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to the ratio of thickness of soil layer in the field to thickness of soil sample 
in the laboratory.

Professor Buisman finds that when compression settlements are plotted 
against the logarithm of the time in minutes, a straight line is obtained. 
He then very bravely predicts how much a building will settle in ten 
centuries.

A variation of the general method of calculation is used by the Founda
tion Soils Research Laboratory in Cairo.

They find Young’s Modulus for the soil by loading it in an oedometer. 
Then the actual Young’s modulus in the field is taken to be from 1J to 
4 times this, according to the class of soil. Then for a given stress the 
strain can bo calculated. The stress is the weight of the building per 
square foot of foundation at a given depth, and the strain is the settlement 
divided by the thickness of the oil stratum.

Fourteen buildings are under observation for settlement in Cairo— this 
in spite of some reluctance by engineers, architects, and builders, who 
maintained that their buildings were so well designed and constructed as 
to be free from the least settlement.

Another method is that formulated by Professor Housel, Michigan. 
He shows, by loading various sizes and shapes of steel plates, that a founda
tion is held up by two things :—

(1) the pressure in lb. per square foot on its flat surface, and
(2) the shearing force and skin friction force on its sides.

By taking three of four size foundation tests it is possible to affix values 
to each of these effects, and so calculate the safe bearing value for a larger 
area. A soil may carry 1 ton on 1 square foot, but only 3 tons on 6 square 
feet.

Roads.
The United States Bureau of Public Roads has done a great deal of 

valuable pioneering work in subgrade soils. The Bureau classifies the 
soils into eight groups, according to mechanical analysis, plasticity limits, 
lineal shrinkage, and moisture equivalent tests, and prescribes a treat
ment and design for each of those types of soil. One example should 
suffice.

For example, “ Group A-5 subgrades have a shrinkage limit likely to 
be greater than 30 and a high moisture equivalent. Exceptions occur—  
the liquid limit is usually larger than 35, but may be less than 25. Roads 
on this soil provide elastic riding. Compaction with a heavy roller is 
apt to cause non-uniform rebound of the soil during pavement construction. 
Drainage must be provided to intercept seepage and reduce the adverse 
effects of frost heave. In the treatment a bituminous application should 
be followed by a cushion and a porous base course. Clay may be added 
with good results. Macadam should not be used until the subgrade lias 
been stabilized by both treatment and drainage.”

There is still a certain vagueness in the classification. It  is full of such 
terms as “ may be,” “usually,” “ likely to be,” and in practice it will be 
found that the test values for a soil “ usually” permit it being placed in 
two or even three groups out of the eight. The author feels that this is
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because several of the tests chosen measure properties only rather in
directly connected with road construction practice. You can take just 
that portion of the soil which passes the 40-mesh sieve and find what 
moisture content it will have when you can roll it in a thread the size of 
a match—that is, find the lower plastic limit. Or you can find how many 
times you must knock a dish in a certain way to make a crack in the soil 
heal up along 1 mm. of height—that is, find the Lower Liquid Limit. 
You are measuring something about a portion only of the soil under forces 
and conditions with no proved theoretical or practical relationship to 
ordinary road engineering. The other two tests employed—centrifuge 
moisture equivalent and shrinkage limit—although presenthig some 
laboratory difficulties, have a more definite connection with practice, but 
the Bureau classification tests make no attempt at finding the properties 
most important to the road engineer—the strength of the soil in tension, 
compression, or shear. The author doss not suggest that the Atterberg 
plasticity tests be discarded, only that they should be supplemented for 
classification purposes.

Road subgrade design has been important in New Zealand, because 
thousands of miles of the county roads and highways run through districts 
which cannot as yet afford to provide bituminous, tar, or concrete wearing- 
surfaces. The development of fast motor traffic has therefore created a 
demand for a strong stone macadam or metalled road, as we call it, which 
will not crush, ravel, or corrugate, in wet or dry weather, under 100 or 
1000 vehicles per day. Briefly, the early practice was to use spawls of 
stone from 3 to 6 inches, blinded with quarry stone from 11 to A inches. 
By about 1915 all stone had to pass a 2A-inch ring. In 1920 advanced 
county engineers were ordering 2-inch to dust metal and putting in an 
8-inch thickness. In 1928 the engineers demanded so many tons of 1^-J, 
so many J-4, A-J-, and so many tons J to dust. In 193G the New  
Zealand Main Highways Board advised for important roads that the soil 
mortar material passing shall we say 10 mesh, must have a tensile strength 
of at least 15 lb. per square inch, a lineal shrinkage of less than 5 per cent., 
and must have at least 25 per cent, passing 200 mesh. Corrugations will 
form wherever the subgrade is low in tensile strength, and frost heave or 
swelling will occur if the lineal shrinkage is too great. Bases of concrete, 
bituminous, or tar roads are designed on the same principle, and in many 
cases it is considered sufficient to use a 4-inch thickness of graded stone 
and sand-clay in order to carry a 1 A-inch wearing coat for secondary main 
highways. The stone, sand, and clay are watered and thoroughly mixed 
on the road by auto patrol graders. Traffic may be used for consolidation 
when the clay content is sufficiently high.

A further development of road subgrade design is the use of bituminously 
stabilized soil in this country, where the high compressive strength of a 
dried sand clay is maintained by bituminous emulsion waterproofing. 
Since the natural materials are used in situ there is little cost for excavation 
and little cost in the haulage of materials to the site. Speed of construc
tion is of the order of an acre and a half per day. There are a large number 
of practical points to be watched in the design and construction of stabilized 
soil roads, car parks, and aerodromes, points such as the choice of aggre
gates, design and control of mixes, surveying, drainage, choice of plant,
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organization of labour, and the variation of the process under changing 
weather conditions. It is not possible to include these in the short space 
of this paper.

In general, progress in soil mechanics can be achieved only by a close 
co-ordination of accurate laboratory work and vigorous civil engineering 
work in the field. In addition, there must always be intermediate tests—  
large-scale laboratory specimens and small field experiments to make a 
continuous connection between the laboratory and the job. Only in this 
way can we hope to avoid the errors which lie in wait for a pure theorist 
or a science despising foreman.

The author has attempted only a very general and rather elementary 
outline of the present position in regard to soil mechanics, and hopes it 
will be agreed that there is some interest and importance in even a very 
commonplace material.

DISCUSSION.
J i n .  A. H .  D .  M a r k w i c k  (R o a d  R e s e a r c h  L a b o r a t o r y )  s a id : M r .  Jam es has

criticized tho “ simplified ” tests  for soils on the ground that they do not 
moasure any truo physical property of tho soil which has a direct practical 
application. They cannot, of course, give any direct m easure of tho mechanical 
properties of tho soil, for these depend on the original granular structure, which is 
destroyod in making tho tests. The tests aro therefore identification tests, and tho 
test values obtained have beon shown to be closely related to the mechanical analysis 
of the soil. In  spite of tho obvious grounds for criticism, the tests have been widely 
accepted. They wero adopted as “  Tentative Standards ” by the A.S.T.M. in  1935, 
and I understand that last year they were accepted as “ Standards.”

Tho effective stabilization of soil depends on tho control of tho moisture content. 
Providing tho m oisture content is kept below certain lim its depending on tho typo o f  
soil, tho soil will remain hard indefinitely. The soil m ust not, however, dry out too 
much, or the surface will disintegrate under traffic. Stabilization w ith  bitumen  
emulsion is only one of m any m ethods which have been tried in  recent years, and the  
volum inous literature on the subject recorded, for example, in “ Road A b stra cts” 
affords abundant evidence of the efforts made abroad in recent years to develop this 
typo of secondary road construction. So far as th is country is concerned thoso 
methods of stabilized soil construction which rely on tho drying out of tho mixed  
material aro restricted to the spring and summer m onths, and I  think it is  important 
if soil stabilization in this country is to develop along sound lines that such lim itations 
should bo carefully borne in mind. One speaker has referred to tho importance of 
sealing tho surface of soil roads, and I should like to support him on th is point. In  
fact I  was told last year that it had been possible in tho Baltic countries to construct 
aerodromes by merely applying surface dressings using bitumen emulsion. This was 
applied in the summer. I  have not, however, heard how far th is type of construction  
was really durablo and to what oxtent it is resistant to tho severe frost action experi
enced there overy year. I should like in conclusion to congratulate both tho authors 
on the lucid presentation of their papers.
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DR. CHARLES K. FRANCIS.

D r .  C h a r l e s  K . F r a n c i s  died at h is  home in Tulsa, Okla., on 25th 
March, 1940. He was well known as the technical editor of the Oil and 
Gas .Journal from 1926 until the time of his death.

Dr. Francis was born in Chester, Pa., on 17th June, 1875, and graduated 
from Brown University, Providence, R.I., in 1899. He then served as an 
instructor at Brown, and was later a member of the faculty of the Georgia 
School of Technology. In 1904 he obtained his master’s degree at Brown, 
after which ho taught chemistry in Converse College, South Carolina, the 
University of Illinois, and the University of Missouri. In the last-named 
institution he received the degree of Doctor of Philosophy in 1910, moving 
then to Stillwater, Okla., where he was Professor of Petroleum Technology 
in Oklahoma A. & M. College, and also chemist at the Agricultural Experi
ment Station. He remained in Stillwater until 1917, when he moved to 
Tulsa to enter the practical work of the oil refinery.

Dr. Francis served successively as chief chemist for Cosden & Co. (now 
Mid-Continent Petroleum Corp.), manager of refineries, and chemical direc
tor for Transcontinental Oil Co., chief chemist and technical superintendent 
for Cosden & Co., vice-president in charge of manufacturing for Producers 
& Refiners Corp., and chief technologist for Skelly Oil Co.

From 1920 to 1924 he was a member of the advisory committee of the 
Federal Specifications Board. In 1925 he served as President of the 
Oklahoma section of the American Chemical Society, as a councillor in 
1926, and was for three years state chairman of essay contests in the 
organization.

Dr. Francis was elected a Member of the Institute of Petroleum in 1927, 
and was a delegate to the World Petroleum Congress in Paris in 1937, 
serving as Honorary Chairman in the section of physics, chemistry, and 
refining.

GEORGE WILLIAM EDWARD GIBSON.

G e o r g e  W i l l i a m  E d w a r d  G ib so n  died in September 1939, at the age 
of 62. He was born in Rotterdam, and at the age of 16 entered the Rotter
dam house of Messrs. Tangye of Birmingham. In 1905 ho took over the 
representation of Messrs. Hayward-Tyler & Co., Ltd., in North-western 
Europe, residing at The Hague. During the war of 1914-1918 Mr. Gibson 
worked on the military and naval intelligence staff o f the British Govern
ment in Holland. In 1919 he was transferred to the London office of 
Messrs. Hayward-Tyler & Co., Ltd., with whom he was associated until 
his death.

He was a Member of the Royal Institution of Engineers of the Nether
lands, and was elected a Member of the Institute of Petroleum in 1920. 
Mr. Gibson enjoyed the friendship of many engineers both in this country 
and on the Continent, and was an expert in the problems o f pumping 
petroleum and its products.
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ROBERT JOSEPH STRINGER.

R o b e r t  J o s e p h  S t r i n g e r ,  AfM.I.Mech.E., who died on 25th January, 
1940, was connected-with the oil industry for over thirty years. He was 
born in 1881, and was educated at Halifax. He was apprenticed with 
Messrs. Cole, Marchent, and Morloy, Ltd., of Bradford, from 1896 to 1901, 
and at the same time he attended evening classes under Professor Charnock 
at the Municipal Technical College. On completing his training he joined 
the staff of Messrs. Edward Ripley & Son, Ltd., of Bradford, as a draughts
man, and after leaving the company in 1903 ho held similar positions with 
a number of firms, including Messrs. Dick, Kerr and Co., Ltd., of Preston 
and Messrs. Davcy, Paxman and Co., Ltd., of Colchester.

He became technical and consultant engineer to the Vacuum Oil Co., 
Ltd., in 1906, and during the next twelve years he travelled to Australia, 
New Zealand, and New York in the firm’s interests. From 191S to 1920 
he practised as a consulting oil engineer in America and Europe. He was 
then appointed managing director and lubricating oil expert of the Record 
Oil and Grease Co., Ltd., a position which he held until his death.

Mr. Stringer was elected a Member of the Institute in 1921.

FRANK BENJAMIN LEA.

F r a n k  B e n j a m in  L e a  died on the 21st April, 1940, at his home in South 
Australia. Ho was eighty years old. Mr. Lea was born in Leicestershire 
and educated at Owens College, Manchester, and London University, where 
he graduated in 1882. For over twenty-five years he was engaged in 
electrical and mechanical engineering work in England. In 1910 he went 
out to Rumania as Joint Manager of the Rumanian Oilfields, Ltd., at 
Ploesti. He returned in 1914 to the London offices of the Anglo-Mexican 
Petroleum Co. For twelve years he was in charge of their foreign business 
in crude oil and fuel oil. In 1926, at the ago of sixty-seven, he went out to 
Australia to become Secretary and Manager of a company marketing 
asphalt products in South Australia—Messrs. Asphalt Cold Mix (Aust.) 
Pty., Ltd., Melbourne. He continued his association with this company 
until the time of his death.

Mr. Lea was elected an Associate Member of the Institute of Petroleum 
in 1919. He was transferred to Member in 1927, and to Fellow in 1938.

Although he was nearly eighty years old at the time of his election to 
Fellowship, Mr. Lea had written to the Council expressing his appreciation 
of this honour, and relating how he valued his monthly journals.
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949.* Subsurface Geology of Chester Series in Illinois. L. E . Workman. B u l l .  A m e r .  

A s s .  P e t r o l .  O e o l . ,  1940, 24, 209-224.— Occupying m ost of tho southern half of Illinois, 
all tho formations of tho standard Chester serios can bo identified in tho area.

A geological map and two cross-sections aro furnished, showing tho stratigraphic 
relations of tho formations. These aro m ainly conformable and similarly so w ith tho 
underlying formations of tho Iowa series of tho Mississippian. Warping, uplift, and 
ponoplanation prior to tho deposition of the Pennsylvanian have resulted in truncation  
of the beds throughout the basin.

Production has come m ainly from the lower part of tho Chester series below tho top 
of tho Cypress sandstono, and also from the upper part of tho underlying St. Genevieve 
formation. Tho maximum thickness of tho Chester series (shown on an isopach map) 
is 1450 ft. Two important pro-Ponnsylvanian anticlines are indicated. In  these ore 
located tho major number and features of tho Illinois oilfields : one, the La Salle 
anticlino, and the other, tho uplift which extends south-east from tho Sorento region.

G. S. S.

950.* Subsurface Geology o£ Iowa (Lower Mississippian) Series in Illinois. J . N.
Payne. B u l l .  A m e r .  A s s .  P e t r o l .  Q e o l . ,  1940, 24, 225-230.-—The Iowa series lie below  
tho Chester group, and their definite separation depends on insoluble residues; but 
thoir distinctive lithologies can be used for correlating. Tho Meramec, Osage, and 
Kinderhook groups aro defined.

The Meramec consists of tho St. Genevieve, St. Louis, and Salem formations, which 
include cherty and oolitic lim estones and dolom ites. Oil production is from all three 
formations, and especially from the Fredonia member of tho St. Genoviovo, which 
roadily lends itse lf to separation by means of insoluble residues. Tho Osago shales 
and cherty lim estones are doubtful oil producers, w hilst the Kinderhook group is 
m ainly structureless sliales.

Tho thickness of tho Iowa serios has been determined by isopachs (a map of which 
accompanies tho paper) and a m axim um  of 2000 ft. has been obtained in Gallatin Co. 
Tho La Salle and Carlinvillo-Centralia anticlines, folded in pre-Chester tim es, have been 
rovealed by thinning of tho series. G. S. S.

951.* The Type Permian ; its Classification and Correlation. C. O. Dunbar. B u l l .  

A m e r .  A s s .  P e t r o l .  G e o l . ,  1940, 24, 237-281.— Tho major part of this paper describes 
the Permian Basin w est of tho Urals, and is accompanied by maps and sections to 
illustrate the location and stratigraphy.

Tho region is divisible into two dominant structural elem ents— tho Russian Platform  
and tho Uralian Gcosynclino. The pioneer work of Murchison in defining the Permian 
System  is discussed and an analysis of the stratigraphy of the Permian Basin, as known 
at present, is given. In addition, tho Middle and Upper Carboniferous beds of the 
basin aro described; these include the zone of T r i t i c i t e s ,  which thins rapidly w est
ward from the geosyncline, and is represented in the Moscow Basin by tho well- 
known Gshelian.

Tho writer stresses tho am biguity of tho term “ Uralian,” which was given to a
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series of lim estones at tlio baso of tho Permian and at the top of the Carboniferous. 
This term was used by Do Lapparent and Tschernyschow to donote a time-phase, but 
is hero considered to represent only a  facies. Tschernyschow’s work in correlating 
lim estones in  tho Timan and Ufa plateaux is shown to he partly erroneous, as the 
Ufa plateau section continues much higher stratigraphically than that of tho Timan. 
I t  is suggested that “ Uralian ” bo abandoned or givon a moro precise definition.

Tho Permian is divided into fivo sorios : tho Sakmarian, Artinskian, Kungurian, 
Kazanian, and Tartarian. Tho Sakmarian is the P s e m l o s c h w a g e r i n a  zono, and its 
reef structures (the Shikhans) aro described. The Artinskian shales, sandstones, and 
conglomerates are considered to be tho equivalent of part of tho Ufa plateau limo- 
stonos (Uralian), whilst the salt-bearing series (Kungurian) vary greatly in litliology 
and thickness. Tho Tartarian aro continental doposits of redbed facies and occupy 
the central part of the b a sin ; they are not of great thickness, tho upper part boing 
included in the Triassio.

Tho Russian section is correlated w ith the areas of marine Permian in tho south
w est United States and in South China; tho Permian fusulino zones are usoful in such 
correlation.

Deposition continuod in the Russian basin from Middle Carboniferous into Upper 
Permian w ith only minor interruptions. The greatest physical change camo at the 
beginning of tho Sakmarian, when the Uralian geosyncline bogan to deopon rapidly 
and when also a  marked faunal change took place w ith tho sudden appearance of tho 
gonera S c h w a g e r i n a ,  P s e u d o s c h w a g e r i n a ,  and P a r a s c h w a g c r i n a .  In  America and in 
South China there is a similar widespread break below tho same faimal zone— a 
correlation which suggests that tho base of tho P s e u d o s c h w a g e r i n a  marks tho beginning 
of Permian tim es. G. S. S.

952.* Carboniferous-Permian Boundary. R . C. Mooro. B u l l .  A m e r .  A s s .  P e t r o l .  

Q e o l . ,  1940, 24, 282-336.—Tho problem of the definition of tho boundary between the 
Carboniferous and Permian is here reviewed in tho light of tho requisites and purposes 
of a system atic classification. Tho geological system , as a major stratigraphical unit, 
was first conceived by English geologists, anti in tho definition of boundaries of tho 
various recognized system s the following criteria have been used : (1 ) unconformities,
(2) palaiontological breaks, (3) marked changes in lithologies. Substantial agreement 
in usage is more important as a factor in definition of boundaries than priority of 
definition. I t  is preferable to have a standard classification that is understood by all, 
and geological practice demands that definition of the boundaries of tho Carboniferous 
and Pormian system s in  Europe and North America should be in agreement.

Tho Carboniferous-Permian boundary in England, Russia, and North America is 
discussed critically. In  England, except possibly in 'Warwickshire, tho hiatus in tho 
position of tho boundary is very considerable. Russian geologists have placed the 
beds of the P s e u d o s c h w a g e r i n a  zono in tho Upper Carboniferous and tho Artinskian  
strata, immediately above, in tho Permian. This lias been contested by C. O. Dunbar, 
who states that the boundary between tho P s e u d o s c h w a g e r i n a  zono and the Artinskian 
was not a tim e boundary, but between two facies. Recent Russian work also advocates 
tho placing of tho boundary a t tho baso of tho P s e u d o s c h w a g e r i n a  zono (Sakmarian).

Investigation of tho Carboniforous and Permian strata of North America indicates 
that the majority opinion has favoured, since the earliest work, the placing of the  
boundary at tho baso of P s e u d o s c h w a g e r i n a  zono— that is, a t tho base of tho AYolfcamp 
sories in Toxos and tho B ig Blue series in Northern Mid-Continent. Early determination 
was based primarily on palaeontological ovidonee, but recent work has shown tho 
existence of a large physical break at the base of tho AVolfcamp doposits.

Tho Sakmarian of Russia now placed in  tho Carboniferous is regarded as tho 
equivalent of tho Lower Pormian Wolfcamp. In Europe also tho lino at the baso of 
tho Rotliegcndo (Autunian), lowermost Pormian, is not as high as the top of tho 
P s e u d o s c h w a g e r i n a  zone. Although somo Russian geologists regard tho boundary as 
tho baso of the zone of P s e u d o s c h w a g e r i n a ,  opinion is very divided. Evidence from 
North America, W est Europe, and many other parts of the world makes revision of 
tho boundary in Russia to ineludo correlative bods in the Permian extremoly 
desirable. The conclusion reached and suggestion given in the paper is that the  
revision of tho lower Permian boundary in tho type area would accord best with  
pak-contological and stratigraphical relationships in difforent parts of tho world.

A  bibliography of nearly 250 entries is given. G. S. S.
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953.* Classification of Permian Rocks. C. A . Tomlinson and Others. B u l l .  A m e r .  

Ass. P e t r o l .  G c o l . ,  1940, 24, 337-358.—This is a report of tho Association’s Sub
com mittee appointed “ to prepare a digest and recommendations for tho classification  
and nomenclature of Permian rocks of the United Statos.”

Among tho various recommendations mado are : (1) that the Permian rocks of tho 
world should bo recognized as an independent geological system  ; (2 ) that a standard  
reference section for America is desirable, and therefore the Permian of tho Delaware 
Basin in W est Texas ami in South-East New Mexico should be utilized as such a  
standard; (3) that the zono P s e u d o s c h w a g e r i n a  and P r o p e r r i n i t e s  be recognized as 
comprising tho lowost part of the Pormian S y stem ; (4) that tho disconformity which 
nearly everywhere soparates the Permian in North America from tho Triassic be 
recognized as the upper boundary of the system  ; (5) that tho Permian of North America 
bo divided into tho following serios : W olfcamp, Leonard, Guadalupe, and Ochoa.

In  addition, tho problems of defining geological system s, together w ith their relation 
to stratigraphical principles, are reviewed. G. S. S.

954.* South-North Cross-Section from Pecos County through Ector County, Texas, to 
Roosevelt County, New Mexico. W. C. Fritz and J. FitzGerald, Jr. B u l l .  A m e r .  A s s .  

P e t r o l .  G e o l . ,  1940, 24, 15-28.— In  the preparation of this section—drawn from south 
to north along tho eastern sido of tho Central Basin platform— thirty-eight sample  
logs are used.

P r e - C a m b r i a n  and C a m b r i a n .— Although there is little  evidence of these system s in 
Crane County, both are thought to be present. Other formations which are shown in 
tho section aro :—-

O r d o v i c i a n  is represented by tho Ellcnburger dolomito and tho overlying Simpson 
formation. Tho formor appears on the section in tho southern portion in Pecos and 
Crane Counties, and represents tho Lower Ordovician and possibly the Upper Cambrian. 
Tho Simpson is very similar lithologically to th at usually described in Oklahoma.

Tho S i l u r i a n  D e v o n i a n  system s are represented by a limestono tentatively called 
Fusselman, which appeal’s only in  Crane County.

Tho P e r m i a n  occupios a larger interval than tho total of all other ages on tho section. 
Approximately 6480 ft. of deposits aro recorded from ono well, tho base of the system  
not being reached. Tho system  is divided into seven parts, which, in ascending order, 
aro : Abo, Yeso, San Andros, AVhitohor.se, Upper Castile, ltustler, and post-Rustler.

Tho San Andres group oxtends tho full length of tho section, ranging in thickness 
from 1300 to 1700 ft. In the southern part a crystalline dolomito predominates, which 
grades northward into an evaporito sequence— the upper part m ainly sa lt and 
anhydrite, the lower retaining some of the characteristic crystalline dolomite. Most 
of the oil produced in Ector and in five other counties in Texas, as well os from the  
Hobbs, Vacuum, and Lovington pools in Lea County, Now Mexico, is from sedim ents 
of San Andros ago.

Tho AATiiteliorse group unconformably overlies tho San Andres and has a thickness 
varying from 1300 to 1650 ft. In  the A\rest T exas-N ow  Mexico Permian Basin the 
W hitehorse is divided into fivo formations. Most of tho oil produced from the Central 
Basin platform comes from sedim ents of tho AVhitehorso sea.

The section passes through m ost of tho Upper Castile Basin and shows its  northern 
lim it. The Upper Castile formation itself is m ainly sa lt, and unconformably overlies 
tho AVhitehorse. No economic production of oil or gas is known from deposits of 
Uppor Castilo ago, although non-inflammable gas lias been obtained from the Cowden 
anhydrite member over structurally high areas in Central Gaines County, Texas.

G. S. S.

955.* South-North Cross-section from Pecos County through Winkler County, Texas, 
to Roosevelt County, New Mexico. E . H . W oods. B u l l .  A m e r .  A s s .  P e t r o l .  G e o l . ,  

1940, 24, 29-36.—This section extends 260 m iles northward along tho western sido of 
tho Central Basin platform ; thirty sample logs are used.

Pre-Cambrian and Ordovician sedim ents are found in the soutli in Pecos County. 
The Permian is the only other Palaiozoic formation that occurs, tho lowest beds of 
which (the Yeso) are found in both the north and south. Abovo the Yeso is the 
G lorieta, the basal sandstone of tho San Andres ser ies; these aro brown dolomites 
grading north into interbedded anhydrite, salt, and dolomite. Tho AA'hitehorse group
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ovorlios tho San Andros. The Grayburg, tho lowest member of the AVhitehorso, occurs 
in four wells, and the Y ates Sand, an upper bed, is very widespread. A ll oil and gas 
production north of Pecos County is from AVhitehorso dolom ite and sands bolow tho 
top of the Y ates.

Tho Upper Castile salt and anhydrite are best developed in the centro of tho 
section, w hilst the Rustler which overlies them unconformably consists of porous 
dolom ite and salt. Tho post-Rustler consists m ainly of rod shales and sands, and 
includes tho Dewey Lake serios. Above como tho Triassic Tecovas beds. Post- 
Crotaceous silt  and calicho rest on tho Triassic and Pormian.

Thoso data illustrato tho south-westerly retreat of tho Pormian sea and tho correspond
ing southward shift of tho conditions of salinity. G. S. S.

956.* Geologic Section from Fisher County through Andrews County, Texas, to Eddy 
County, New Mexico. R . I . Dickoy. B u l l .  A m e r .  A s s .  P e t r o l .  G e o l . ,  1940, 24, 37-51.—  
This section correlates outcrops on the east and west sides of tho Permian Basin, 
especially those of the AVhitehorso group ; forty-two logs wore used.

Sediments range from Upper Cambrian to Quaternary, but detailed discussion is 
lim ited to tho Upper Permian, into which nearly all tho wells of tho AA'ostcrn Texas 
basin aro drilled. On tho eastern side Pennsylvanian occurs, tho division between it 
ami tho Permian being takon at tho appearance of tho fusulinid S c h w a q c r i n a .

Tho Lower Permian Clear Fork group consists in (ho oast of slialo and ovaporitos, 
but grades west to dolomito. A subsequent elovation occurred, and much clastic 
material is present in tho overlying San Andres beds, which arc tho so-called “ Blaine 
of Toxas.”

The AArhitehorso consists of five formations—tho Grayburg, Queen, Seven Rivers, 
Y ates, and Tansill—which can bo recognized by their contrasting lithology. Tho 
lowest beds, of great economic importance, are hero named Grayburg; they are 
traceablo from w est to east across the basin, and unconformably overlie tho San 
Andres. The Y ates sand varies greatly in tliieknoss, but is widespread in occurrence, 
and hence is used as a marker in mapping tho sub-surfaco structure.

Ovorlying unconformablo Upper Castile salt is thickost in tho Midland Basin, whilst 
above it is tho Rustler, representing the last marine invasion. The top is an erosion 
surface on which the Dewey Lake sands wore deposited. Triassic and post-Triassic 
beds in part overlio the Dowoy series. G. S. S.

957.* Stratigraphy, Eastern Midland Basin, Texas. L. R. Pago and J. E . Adams. 
B u l l .  A m e r .  A s s .  P e t r o l .  G e o l . ,  1940, 24, 52-64.—Tho Midland Basin is ono of the throe 
major structural features of tho South Permian Basin, and has a regional westerly  
dip on its eastern sido.

Thick series of red sandstones, clays, salt, and silts, nearly all of Permian ago, have 
been recognized by surface and sub-surfaco methods. Thoso formations wore laid down 
in a restricted soa which retreated southward in Permian tim es; gradations from 
noarshoro elastics to gypsum and to marine limestones and dolomites are also 
recognized; the upper beds belong only to the onshore and intermediate zones. Tho 
Dowoy Lake, which is described, is a t tho top of the Permian, and represents tho final 
retreat of tho sea and tho filling of tho basin w ith red sands.

Tho basal Clear Fork group consists largely of reddish shale w ith seams of white 
gypsum , w ith dolom ite predominating in the west. The San Andres group above in the 
east is mode up m ainly of elastics, whilst traced westwards they aro replaced by dolomito. 
An angular unconformity separates the San Andres from the AVhitehorso group, an 
outcrop characterized by fino-grained red sandstono w ith frosted quartz grains in all 
but tho lowest formation. The Upper Permian group, separated from tho AA’hitehorso 
by a tim e break, is a  thick sorios of saline deposits. The Upper Castile Salt is tho main 
salt series of the Southern Basin, and is succeeded conformably by tho uppermost 
Pormian Sands of tho Dewoy Lako formation.

Tiro Dickum  group, of Triassic ago, is composed of rod terrestrial deposits, and 
include the Tecovas silt and the upper Santa Rosa and Chinle formations.

Cretaceous beds, where present, consist of a basement sand probably of Paluxy age, 
and rest unconformably on tho Permian and Triassic. G. S. S.

958.* Structural Development, Yates Area, Texas. P . B . King. B u l l .  A m e r .  A ss. 
P e t r o l .  G e o l . ,  1940, 24, 134-142.—Tho surface dom e, near Iraan in eastern Pccos
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County, forms a well-marked closed structure in tho Permian Basin. This paper, 
accompanied by sections, gives a comprohcnsivo account of its structural developm ent, 
together w ith a brief stratigraphical summary.

The structural development of the Y ates area was initiated in beds older than any 
so far penetrated in the dome, which was overlain by the W hitehorse and Castile Salt 
formations.

Tho early Cretaceous period saw  great solution and slumping of these salt deposits, 
and produced a  solution syncline over the crest of the Y ates dome which became filled 
with a plug of non-marine elastics. Slight warping in late Tertiary or Pleistocene times 
again exposed tho salt to solution, and slumping of tho unsupported sedim ents around 
tho plug developed tho ring syncline responsible for tho present surface. This 
Cretaceous structure overlying arched Permian lim estone was therefore developed by  
salt solution rather than by folding, a  solution which occurred in two stages.

G. S. S.

959.* Palceozoie Stratigraphy o£ Franklin Mountains, W est Texas. L. A . Nelson. 
B u l l .  A m e r .  A s s .  P e t r o l .  G e o l . ,  1940, 24, 157-172.—Tho area described in this paper 
lies within 104° 30' and 109° W . longitudo and 31° and 34° N . latitude, and includes tho 
cities of E l Paso and Silver City. Lying within W est Texas and South New Mexico, 
it  offers a Palaiozoic section from the Pre-Cambrian to tho Permian. Tho m ountain  
ranges have mainly a parallel north to south trend, and oneloso basins of unconsolidated 
deposits characteristic of tho Basin-and-Bango structural type. Tho Franklin 
Mountains rise abruptly on their eastern side from tho level of tho bolson.

Palseozoie rocks approximate to 8000 ft. in thickness ; each formation is described 
w ith accompanying stratigraphical diagrams to show tho succession and location.

Pre-Cambrian is everywhere the basal formation except in the Hueco Mountains. 
In  the Franklin Mountains a newly-named granite, tho Red Bluff, forms part of this 
base. Tho oldest known Pnkeozoic formation is tho Bliss Sandstone, hero assigned to 
tho Upper Cambrian; absent in tho Oscura Mountains in the north, this deposit 
appears in tho south and rapidly thickens. The Ordovician is represented by the  
E l Paso Limestone (1000 ft.) and the Montoya Limestone. Tho m assive dolomitic. 
limestone of the Middle Silurian, the Fusselm an Limestone, occurs in tho Franklin 
Mountains, whilst tho Middle and Upper Devonian aro found in tho western part.

Pennsylvanian, lioro known as tho Magdalena formation, is described in detail. 
Consisting of 1600 ft . of thinly bedded dark groy lim estone, it  has been divided into 
three zones : the Bishop’s Cap, Berino, and the La Tuna. Tho characteristic lithology  
and fauna of thoso zones are given.

The Permian, in tho Franklin M ountains, is represented by the Hueco sediments 
(650 ft.). They are fino-grainod light-coloured lim estones, and are separated from the  
Magdalena by alluvial deposits. This formation is overlain in m ost of tho area by the  
Comanche. G. S. S.

960.* Correlation oi Pennsylvanian Rocks of New Mexico. C. E . Needham. B u l l .  
A m e r .  A s s .  P e t r o l .  G e o l . ,  1940, 24, 173-179.-—The Pennsylvanian rocks of Now Mexico, 
which consist of 1500-1800 ft. of sedim ents, aro known as the Magdalena Formation. 
They are divided into two lithological types, a lower (600-700 ft.) of sandstones, 
shales, and thin limestones, and an upper (800-1000 ft.) m ainly of lim estone w ith  
intorbedded sandstones and shales.

These sediments aro probably of marine origin, and in correlation w ith  other regions 
chief reliance is placed on their fossil content. Of tho large fauna preserved, thoso of 
the brachiopods and fusulinids havo been used as a basis for regional correlation.

The lowest Pennsylvanian in New Mexico, up to 700 ft., lies below the W e d e k i n d l l i n a  

and F u s u l i n a  zono, and belongs to that of the F u s u l i n e l l a .  I t  is probably correlative 
w ith the Lower Cherokee and Lower Atoka. Abovo th is, the W e d e k i n d l l i n a  and 
F u s U i n a  occur, and tire series can be correlated with the Upper Cherokee and Upper 
Atoka. These equivalents of the Dos Moines beds aro recognized in N ew  Mexico, 
where they attain a maximum thickness of 1 0 0 0  ft.

Beds of Kansas City and Lansing age in the Missouri series aro characterized in Now  
Mexico by the occurrence of T r i t i c i t e s  n e b r a s k e n s i s ,  N e o s p i r i f e r  l a l u s  and E c h i n o -  

c o n c h u s  s e m i p u n c t a l u s .  T r i t i c i t e s  and various brachiopods in the beds abovo belong 
to the Lower and Middle Virgil and Lower Cisco age.
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Tho highest Pennsylvanian beds contain T r i t i c i t e s  v e n t r i c o s u s ,  and are considered 
to bo Lower W abaunsee in age. Thoy are woll dovoloped in tho Sacramento Mountains ; 
olsowhero they aro thinner duo to the Ponnsylvanian-Porm ian unconformity, a break 
which is known to bo of sm all magnitude. G. S. S.

961.* Upper Palaeozoic Section of Chinati Mountains, Presidio County, Texas. J . W.
Skinnor. B u l l .  A m e r .  A s s .  P e t r o l .  G e o l . ,  1940, 24 ,180-188.—Upper Palaeozoic sediments 
outcrop in four largo areas along tho periphery of tho Chinati uplift. J. A . Udden, 
in 1904, gave tho name Chinati series to thoso sediments of the Sliafter area; ho 
recognized thrco formational divisions : tlio Cioneguita (1000 ft.), tho Alta (3600 ft.), 
and tho Cibolo (1400 ft.) . Ho concluded that tho Cioneguita and Alta wero of Pennsyl
vanian ago, and that tho Cibolo m ight bo Permian. Later writors assigned tho entiro 
Chinati series to tho Permian.

This paper deals w ith areas visited  to tho north-west and w est of Shaftcr. From  
both lithological and faunal characteristics the Chinati Mountain Palteozoic sections 
appear to consist of a  soquenco of Ponnsylvanian beds and a nearly complete Glass 
Mountain Permian section. Uddon’s conclusions were thercforo nearly correct, later 
confusion having arisen owing to lithological resemblances in tho Chinati and 
Pennsylvanian formations. G. S. S.

962.* Morrow Group of Adair County, Oklahoma. C. A . Moore. B u l l .  A m e r .  A s s .  

P e t r o l .  G e o l . ,  1940, 24, 409-434.— This papor is tho result of field work and laboratory 
studies on the rocks of tho Morrow group which lio o t the base of tho Pennsylvanian  
system . The beds im m ediately abovo and below tho Morrow aro also described.

Tho Pitk in formation (Chester group), which forms tho top of the Mississippian, 
underlies tho Morrow disconformably. I t  is a  limestone, but argillaceous and granular 
lithologios aro also recognized.

In  all sections tho basal formation of tho Morrow (the Halo) rests on eroded Pitkin  
limestone, and gonorally there is a phosphatie conglomeratic bed at its  baso. Tho 
H ale is variable lithologically, and it is difficult to interpret the relationships of 
adjacent sections. I t  is m ainly calcareous sandstono, and is distinguished from tho 
ovorlying Brentwood limestono by its insoluble residues. Tho Hale-Brentwood  
contact is poorly exposed, and is represented by a  change in lithological character and 
residues.

Tho Bloyd formation, abovo tho Halo, consists of two limestono members, tho 
Brontwood and Kessler, which aro separated by dark carbonaceous shalo. Tho 
Brentwood contains thin shalo bands, and in parts of tho area cannot be separated 
from the overlying shale. The Kessler is cut out by the pro-Atoka erosion in the 
western half of tho county. I t  is distinguished from the Brentwood by its higher 
percontago of insolublo residue.

There is a disconformablo contact between tho Bloyd and the Atoka sandstone and 
sh a le ; this is tho lowest formation of tho Des Moines group, and nearly everywhere 
the contact is masked. Numerous sections and photographs accompany the paper.

G. S. S.

963.* Subsurface Miocene of Southern Louisiana. A . C. Elisor. B u l l .  A m e r .  A s s .  
P e t r o l .  G e o l . ,  1940, 24, 435-475.—These Miocene sediments lie in an area south of a 
lino drawn from tho southern part of Beauregard Parish to tho southern port of St. 
Tammany Parish. Tho western boundary is formed by the Sabine River, and tho 
eastern lim it by the Mississippi River.

A  variation in dopositional conditions is shown by the sedim ents, and a transition 
occurs from a brackish-water facies in the w est to a marine facies in tho east. The 
two provincos aro roughly divided by the Atehafalaya River.

In  tho eastern province, tho following four zones (in descending order) are recognized : 
tho R a n g  ¡ a  m i c r o j o h n s o n i  zono, the U v i g e r i n a  l i r e t t e n s i s ,  tho O p e r c u l i n o i d e s ,  and tho 
P l a n u l i n a  h a r a n g e n s i s  zono; tho position of the lost zono is in doubt.

Tho western provinco lias the R a n g i a  m i e r o j o h n s o n i  and the P o t á m i d e s  m a t s o n i  

zones. I t  also includes a series of undifferentiated sands and shales which contain 
a brackish-water fauna and are probably the equivalent of part of the U v i g e r i n a  

l i r e t t e n s i s  and O p e r c u l i n o i d e s  zones.
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A ll thoso palaeontological zones aro described; they range in thickness from 500 to 
600 ft. in tho case of the P o t á m i d e s ,  to moro than 2590 ft. in that of tho U v i g e r i n a  zono. 
Tho P l a n u l i n a  h a r a n g e n s i s  occurs below tho U v i g e r i n a  l i r e t t e n s i s  zono; no well has 
yot ponotratod beyond it, and tho correct correlation is unknown. I t  is considered 
by somo palaeontologists to bo Oligocene in ago boeauso certain of its species occur in 
this formation.

E ight strike sections aro also described in dotail and aro shown graphically. In  
addition, a locality map is furnished, togother w ith six  full-size plates illustrating tho 
fossils described. O. S. S.

964.* Permian in Parts of Rocky Mountain and Colorado Plateau Regions. A . A.
Bakor and J. S. W illiams. B u l l .  A m e r .  A s s .  P e t r o l .  Q c o l . ,  1940, 24, 617-635.— Recent 
work in tho South W asatch M ountains in North-Central U tah has revealed the prosonco 
of a  thick sequence of Pormian rocks that m ay become a standard section of tho 
W estern United States. Cross-sections and a  composito correlation diagram of tho 
wholo area accompany tho paper.

In  the Colorado plateau tho Pormian is characterized by shifting conditions of 
deposition and an intermingling of sedim ents derived from different sources. E xcept 
for tho Rico formation and tho top Kaibab lim estone, all tho beds aro of continental 
facies. In  tho Mineral Mountains, Utah, similar stratigraphical relationships aro soon ; 
tho Kaibab limestono thins eastward and is underlain by a  quartzite, probably of 
Permian ago.

Tho Triassic Woodsido Shale overlies tho Permian in the southern W asatch 
Mountains, where tho upper port consists of tiro Park City formation. Tho latter is 
m ainly limestone, but its m iddle shalo member contains tho Phosphoria fauna. A t its 
typo locality the lower part of tho Park City formation has long been considered to be 
Pennsylvanian in age, but tho writers suggest that this m ay need correction, as 
Lower Park City bods have yielded Permian fossils. Below the Park City in tho 
soutliorn W asatch are tiro Diamond Creek Sandstone and tho Kirkman Limestono, 
both tentatively assigned to tho P em rian; beds somewhat below tho top of tho 
Oquirrh formation, which lies under tho Kirkman, m ay form tho Pennsylvanian  
Permian boundary.

In  North U tah and Soutlr Idaho, tho Upper Park City is equivalent to  tho R ex  
chert member of tho Phosphoria form ation; both aro overlain by rod Triassic shalo. 
Tho typo locality of the Phosphoria occurs a t Phosphoria Gulch, Idaho, whoro it  forms 
900 ft. of chert and phosphatic shale.

Tlioro is a  general eastward change in tho Pormian rocks which is characteristic of 
tho wholo area. Fossiliferous marino bods occur in tho w est, and grado eastward to 
sparsoly or non-fossiliforous red m udstones, grits, and conglomerates.

G. S. S.

965.* Possibilities of Heavy-Mineral Correlation of Some Permian Sedimentary Rocks, 
New South Wales. D . Carroll. B u l l .  A m e r .  A s s .  P e t r o l .  G e o l . ,  1940, 24, 636-648.—  
This papor gives tho results of a  mineralogical exam ination of six  coro samples from 
Permian sedim ents a t Kulnura, N.S.W . I t  was carried out w ith  a view to fixing tho 
position of a particular bod of grit or fine conglomerate, 30 ft. in thickness.

Tho heavy minerals obtained wore divided into two groups, detrital and authigenic ; 
theso are described, and tiro pereontago composition of tho residues indicated showed 
that there wero well-marked mineralogical variations. Tho average typo of minerol 
percentages obtained wore, however, not satisfactory' os a basis for comparison and 
contrast., sinco so few specimens wero used and because of tho great distanco of tho 
bore-sito from outcropping Permian beds. Similar heavy minerals to those obtained 
occur also in other Permian and Triassic rocks of tho Hunter River district, indicating 
continuous sedim entation over a  wide area. Although it is considered unwise to draw 
conclusions from so few specimens, evidenco seems to show that Kulnura grit is part 
of tho upper marino series (Upper Permian), probably the Mureo stage.

The need for exam ining a largo number of specimens of all sedim ents and an 
investigation of local variations is stressed by tho writer as an essential to correlation 
problems of this nature. G. S. S.

966.* Petrology of Whittier Conglomerates, Southern California. G. J. Bellomin. 
B u l l .  A m e r .  Ass. P e t r o l .  G e o l , ,  1940, 24, 649—671.— The W hittier conglomerates aro a
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series of Plioceno and Mioceno conglomérate lenses which occur in tho north-west part 
of tho Pucnto H ills.

Tho chief rocks making up tho conglomerates aro : granite (21 per cent.), biotito 
gneiss (16 per cent.), and smaller amounts of pegm atites, aplites, and dncite. Tho 
granite is termod tho “ Conglomerate Granite,” and has myrmekitic intergrowths of 
quartz and felspar. Tho gneiss varies in texture from lenticular to banded typos, 
w ith quartz, orthoclaso, and biotito as its principal minerals. Tho congloméralo 
roek-asscmblago is typically folsic ; plngiocloso is not common, and hornblende is very 
rare.

Possiblo sourco areas for tho conglomerate aro considered to bo from tho north or 
east. Tho eastern area, especially tho Perris Block, consists largely of igneous rocks 
rich in plagioclaso, abundant hornblende, and biotitc. Metomorphie rocks also 
occur, though tlioy aro not so common, quartz—orthoclaso-biotite gneiss being relatively 
raro. Tho northern area, tho San Gabriel Mountains, consists alm ost entirely of igneous 
and motamorphie rocks, tho former including granites, quartz monzonites, and 
dioritos. Tho “ Conglomerate Granito ” is idontical w ith granite from tho Mount 
W aterman region in tho San Gabriol Mountains.

From the rock correlations, a general similarity to tho San Gabriel Mountains and a 
dissimilarity to tho Perris Block region, it would seem that strong ovidonce points to 
tho fact that tho San Gabriel Mountains aro an important, and possibly tho principal, 
sourco of the W hittier conglomerates. Thus, also, it is likely that thcro existed during 
lato Miocene and early Plioceno tim es a mountain mass of approximately tho same 
composition and at about tho samo place as the present San Gabriol Mountains.

G. S. S.

987.* Deposition of Lissie and Beaumont Formations of Gulf Coast of Texas. K. J.
M etcalf. B u l l .  A m e r .  A s s .  P e t r o l .  G e o l . ,  1940, 24, 693-700.—The Lissie and Beaumont 
formations aro an intogral part of a singlo cyclo of sedimentation which began w ith tho 
rejuvenation of coastal plain streams and the deposition of tho course poorly-sorted 
Lissie matorial. Later, finer sedim ents formed the Beaumont clays and sands.

Tho Lissie and Beaum ont bods aro a comparatively thin group, and represent only 
a very short tim e interval. Tho former wore laid down on a peneplained surface, and 
are characterized by gravel, sand, and ferruginous nodules. Thero was a later period 
of entrenchment of tho major streams, and material from the interior was deposited 
noarer tho coast. Tho chango from Lissio doposition to Beaumont was m erely one to 
finor sedim ents brought down by the major streams which built up tlicir channels and 
produced distributaries under a flood-plain environment. A later phase of tho 
Beaum ont was produced by gentío subsidence in tho coastal area when tho rivers built 
deltas and cut channols across tho plain.

Tho physical ovidonce loft by this sequence of ovents shows a lack of stability of 
doposition and the process of re-working tho material m any tim es. The study of theso 
conditions m ay help to give a hotter understanding of the mode of formation of earlier 
land doposits in tho Gulf Coast arca. G. S. S.

968.* Sparta-Wilcox Trend, Texas and Louisiana. J. D. Todd and F . C. Roper. 
B u l l .  A m e r .  A s s .  P e t r o l .  G e o l . ,  1940, 24, 701-715.—The Sparta and W ilcox aro Lower 
Eoceno sedimonts which havo como into recent and increasing importance as oil 
roscrvoirs. Thoy form a series of sands and shales botweon — 5000 ft. and — 10,000 ft. 
contours; a t the lattor level shalo appears and marks tho lower productivo lim it.

Earlier discoveries of oil in theso formations led to poor results, but recent statistics 
show that wolls carried to tho Sparta and W ilcox have proved productive. Two 
fields ospoeially nro noted : Joe’s Lako, Texas, producing from tho W ilcox, and Villo 
P latte, Louisiana, from tho Sparta. Both appear to bo large, flat structures. A 
new discovery lias occurred at Eola, Louisiana, whcro tho reflection seismograph 
indicates that it lias a similar structure. Coro analyses and average porosities of tho 
sands bored aro given.

There lias boon a slow development in these fields, duo to tho fact that sub-surfaco 
structure does not always conform to that at tho surface, and that little  oil exists 
abovo tho 5000 ft. lovol. I t  is now also realized that many of tho flatter traps are 
preferable bocauso thoy cover more aroa and suffer less from faulting. Tho real
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offectivo exploitation of tho trend is therefore just beginning, and it appears likely  
that the ultim ate producing area will rival that in tho coastal region.

The paper is illustrated by diagrams, electrical logs, and photomicrographs.
G. S. S.

969.* Results of Recent Field Studies in Osage, W ashington, and Nowata Counties, 
Oklahoma. M. C. Oakes. B u l l .  A m e r .  A s s .  P e t r o l .  G e o l . ,  1940, 24, 716-730.— Rocks 
of Pennsylvanian ago belonging to tho Missouri sub-series occur in tho area, and a 
sufficient number of K ansas units aro present in northern Oklahoma to onablo 
dcfinito correlation to bo mado.

Tho Missouri is separated from tho underlying Dos Moines by an unconformity, 
and is probably similarly overlain by tho Virgil. Tho Missouri has boon divided into 
two groups : Skiatook and Ochelata. Tho Seminolo formation is at tho baso of the  
former, while Checkerboard bods, hero raised to formation rank, which lie abovo, 
consist of alternating limestono and calcareous shalo. Erosion probably preceded 
the deposition of the overlying Coffeyvillo beds, and tho Hogshootor, which succeeds 
them , can bo correlated w ith tho W intersot lim estone of Dennis formation in Kansas. 
Tho name Hogshootor, in Oklahoma, is preferred to Dennis because of its older usage. 
Abovo is the Nellio B ly  formation of shales and brown sandstones, and the Dewoy 
limestono, at tho top of tho Skiatook, is tho equivalent of tho Drum limestono of 
Kansas.

Tho lowest formation of tho Ochelata is tho Chanuto, often resting unconformably on 
Skiatook beds. Tho overlying Iola varies in thicknoss, being greatest to the south  
and west, and abovo them  lies tho AVann formation, a  new namo given to about 100 ft. 
of shate. I t  is succeeded by tho Torpedo sandstone and shalo, which is unconform
ably overlain in tho north and south by tho Birch Creek lim estone. Tho latter is 
idontical w ith the Panther Crook lim estone, and m ay bo equivalent to tho L ittle  Kaw  
limestono of K ansas. Abovo it lio tho Okesa sandstone and shalo. Tho highest 
beds of tho area, tho Cheshewalla sandstone, occurring in tho north-west, m ay bo 
abovo the unconformity which marks the top of tho Missouri. G. S. S.

970.* Completions in 1939 Normal. J. M cIntyre. O i l  G a s  J . ,  25.1.40, 38 (37), 
76-77.— In 1939 27,053 wells wore com pleted in U .S .A ., 18,453 of which wore classified 
as oil wolls and 2031 as gas w o lls; 6355 were dry holes. No great fields were dis
covered, but a largo number of now fiolds wore found, and much new production was 
added by discoveries of pay sands in already known fields.

Tho well data aro summarized for 1938 and 1939 by States, and the m ain features 
of tho developments in tho various areas are noted. G. D . H.

971.* Domestic Crude Production in 1939 1,255,783,534 brl. J . McIntyre. O i l  G a s J . ,

25.1.40, 38 (37), 78-79.—Tho 1939 oil production of the U .S .A . exceeded th a t of
1938 by 54,900,135 brl. The production of each Stato and of tho major oil fiolds aro 
tabulated for the years 1930-1939, inclusive. G. D . H .

972.* Gulf Coast Drilling Increases, but Fewer Discoveries in 1939. N . AVilliams. 
O i l  G a s  J . ,  25.1.40, 38 (37), 8 8 .— During 1939 thirteen new fields wero opened in 
Louisiana and twelvo in Texas, w hilst now sands wero found and important extensions 
mado in many proven fields. Probably tho m ost outstanding developm ent was tho 
extension of the Tertiary AArilcox play into coastal Louisiana by tho discovery of tho 
Eola field. Exploration round tho flanks of known salt domes has addod soveral 
million barrels of now reserves. Tho other important developm ents are noted, and 
the daily averago and m onthly production aro tabulated for the fields. The wells 
drilled in 1939, tho results, and the new discoveries aro listed. G. D . H .

973.* Mississippi and Arkansas Find New Sources of Oil Production. G. AVeber. 
O i l  G a s  J . ,  25.1.40, 38 (37), 97.—Mississippi’s first oilfield was brought in in 1939. 
In Arkansas two Smackovor limo fields were discovered (Big Creek and Dorcheat). 
There was mild development at Lewisville and the high-pressure gas-condensato 
fiolds in North Louisiana were further developed.

The daily and m onthly averago productions aro given for tho fields of Arkansas, 
North Louisiana, E ast Texas border, and Mississippi, and the results of drilling in
1939 are summarized. G. D. H.
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974.* Cement, St. Louis and Creek County Pools Set Oklahoma Pace. D . Dalrymplo. 
O i l  O a s  J . ,  25.1.40, 38 (37), 104.—Alm ost without exception w ildeatting results in  
Oklahoma in 1939 were disappointing, but there was a rovival of operations in several 
old producing areas. Tho main developments aro noted. The outstanding wildcat 
opened the Hobart pool a t 1049-1055 ft. in tho Viola. H unton limo production has 
been found in tho old Milroy field, and Viola production at Chism.

The daily average and m onthly productions of tho various Oklahoma fiolds aro 
given, and tho discoveries aro listed. G. D. H .

975.* Despite Proration Canada Established Another High. V. Lauriston. O i l  O a s  

J . ,  25.1.40, 38 (37), 122.— Tho Canadian output in 1939 was 7,743,313 brl., against 
6,946,479 brl. in 1938. Of tho four productive regions, New Brunswick alone showed 
a decline. Tho volumes of gas marketed increased in all areas. In Alberta, Turner 
Valley showed an increased oil production in spito of proration, but tho sm all out
lying pools declined in output, although somo production was obtained from now 
wolls in the Dol Bonita area, a t Stovevillo, and at Lloydminstcr. A new gas-field
was opened at Malahido, Ontario. 'G. D . H.

976.* Many New Pools Found in Kansas; Proven Areas Extended. D . Dalrymple. 
O i l  G a s  J . ,  25.1.40, 38 (37), 126.— Fiold activity in Kansas was at its  lowest sinco 
1935, but thoro was an improvement late in 1939. W ildcatters opened somo forty  
now oil-pools and sovoral gas-pools, and extendod many old areas. There wero 
extensions at Silica, Trapp, Bem is, South Burnett, Bloomer, Wherry, Genesco, and 
Chase. Late in tho year oil was found near Falls City, South-East Nebraska, in tho 
Forest City basin. Tho Kansas oil and gas discovories of 1939 are listed, togother 
w ith tho number of wells, producing formation, depth, and initial production. A 
summary is given of tho wolls and wildcats, and tho daily average and m onthly  
productions aro tabulated for tho various fields. G. D . H .

977.* Production Outside the U.S. Establishes a New Record. H. S. Norman. O i l  

G a s  J . ,  25.1.40, 38 (37), 81.— In 1939 the extra-U.S.A. oil production of 814,028,960 
brl. was 4% higher than in 1938. Venezuela had a 9-5% rise, which is not a truo 
measuro of its  possibilities. R ussia’s increase wras 2%. New production records 
wero established in Trinidad, Colombia, and Argontina. The outputs of Mexico and 
Rumania fell. Saudi Arabia lias risen to importance as an oil-producer, and tho
Ras Gharib fiold has boosted E gypt’s output. G. D . H .

978.* New Mexico Led Development in Rocky Mountain District. T. R . Ingram. 
O i l  G a s  J . ,  25.1.40, 38 (37), 148.-—During 1939 seven now producing areas wero 
opened in New Mexico. Loco H ills is outstanding, and gives oil from a Permian sand 
at 2874 ft. Tho new discoveries of New Mexico aro listed, togother with tho depths 
and producing formations.

A ctiv ity  in Colorado was sub-normal. Deepening a Fort Collins w ell rovealed oil 
saturation in tho Dakota and commercial production was obtained. One gas-find 
was made in W yoming in addition to the discovery of deeper pays and the extension  
of old fields. Tho gas was found at H om o Valley. A sm all oil discovery was mado 
in the Madison in Montana, west of Pondera, and extensions wero opened in somo 
fiolds.

Tho wells drilled in these States in 1939 are listed, and the daily averago and 
m onthly productions of the various fields aro tabulated. G. D . H .

979.* Twenty-seven Pools Discovered, Four Extended in Illinois. Anon. O i l  G a s  J . ,

25.1.40, 38 (37), 157.— Tho m ost outstanding feature of 1939 was tho rise in output 
of tho Salem field. Six pay horizons wero found in E ast Illinois, and Cypress pro
duction was obtained in tho central-basin fields. Devonian production was proved 
at Salem, Sandoval, Sorento, Bartelso, and Centralia. In the south-eastern part of 
the State the discovery of oil in Gallatin County extended the productive lim its of tho 
Illinois basin considerably. D ata about the discovery wells of the new field ex ten 
sions aro given, together with the daily averago and m onthly productions of all tho 
fields and a summary of tho wells completed in 1939, • G. D . H .
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980.* Nebraska Discovery is Feature of Forest City Play. D . Dalrym ple. O i l  G a s  J . ,

25.1.40, 38 (37), 100.—Nebraska’s first oil-pool came in in 1939, yielding oil from tlio 
Hunton limo in tho hitherto unproductive Forest City basin. This basin has been 
tested in Missouri, Iowa, Kansas, and Nobraska. Showings of oil wero found in somo 
of the Missouri wolls. Oil and gas wore found in tho Gardner district of Johnson County, 
Kansas, in tho Squirrel and Bartlesville sands. The results of drilling in Missouri and 
Nobraska aro tabulated. C. D . H .

981.* California adds Four Oil-Fields in 1939; Extensions of Pools. L. P. Stockman. 
O i l  G a s  J . ,  25.1.40, 38 (37), 163-106.— N ew  fields wero opened at North-East Coalinga 
(Fresno County), and Arvin, Palorna, and Strand (Korn County). Arvin gives oil from 
a fault-trap in the Loivor Pliocene. A t North-East Coalinga oil is obtained from tho 
Eocono on a broad south-oast-plunging nose. Tho Strand oil is from the Upper 
Mioeorio. Seismic work showed a structure at Palorna, and oil was found at a depth  
of 10,178 ft.

A number of old fiolds wero oxtended or had doepor producing horizons pcnotratod. 
Tables give the daily avorago and m onthly productions of all the fields, and tho results 
of tho wells drilled during 1939.

A now m ethod of curtailment was introduced in 1939. G. D . H .

982.* Thirty-five New Oil- and Gas-Fields Opened in South-West Texas. F. L. Singleton. 
O i l  G a s J . ,  25.1.40, 38 (37), 168.— In addition to new fiolds thoro were many important 
extensions and new sand discoveries in 1939. Probably tho outstanding developm ent 
was the extension of tho Frio-Vicksburg play through Jim  W ells, Brooks, Hidalgo, 
and Starr Counties, and the oxpansion of tho Tertiary W ilcox trend play from the Upper 
Gulf Coast district through tho Pottus trend as far south as Wobb County. Twenty- 
four new oil- and gas-pools wero found in tho Corpus Clrristi district. In  Victoria 
County there wero shallow Catahoula discoveries (Cologno and Victoria). Tho Rincon 
field, a former distillate-producer, gave oil.

Tho results of wells drilled in 1939 aro summarized, and tables give tho daily averago 
and m onthly productions for all tlio fields. G. D. H.

983.* North and Central Texas Areas had One of Busiest Years. D . H . Storm ont. 
O i l  G a s J . ,  25.1.40, 38 (37), 174.— In 1939 thirty-ono now fiolds were found, in addition 
to now oil horizons in old fiolds. Two Ordovician fields wero discovered in Cooko 
County, and two Strawn fiolds. Strawn, Granito Wash, and Bend lim e production was 
obtained in new discoveries in Montaguo County. Pools were opened in tho Bend and 
Strawn serios of Stephens County. Thoro was much wildcat activ ity  on tho Palo 
Pinto lim e trend extending across Jones County and north-west Shackleford County.

The discoveries aro tabulated, togethor with tho dopths, production, and oil-bearing 
formations, and the daily averago and m onthly outputs of all the fields are tabulated.

G. D . H.

984.* East Texas Wildcatting in 1939 had no Important Results. R . M. Sanford. 
O i l  G a s  J . ,  25.1.40, 38 (37), 1S2.— Three new pools were opened in W oodbine sand 
areas (Henderson, Leon, and Navarro C ounties); a  shallow Strawn pool in Denton  
County and a Glen Roso distillate pool in Limestono County. A deep lower Marine 
Trinity wildcat campaign spread over m ost of tlio area. Tho discoveries are listed, 
together w ith depths, outputs, and oil horizons.

Tho E ast Texas field is now on the decline, and plugging of depleted wells far 
exceeds now completions. Tho results of drilling in E ast Texas in 1939 aro summarized, 
and the daily averago and m onthly productions of tho fiolds aro given. G. D . H.

985.* Michigan Crude Production Rose to an All-Time High in 1939. O. C. Pressprich. 
O i l  G a s J . ,  25.1.40, 38 (37), 184.— In 1939 tho Michigan production was 23,566,406 brl.
20,338,000 brl. of reserves were discovered. Nino fields were foiuid and seven wero 
extended. The outstanding strike was tho Walker—W yoming-Tallrnadge area, which 
gives oil from the Traverse lim e. Thero wero revivals a t Salem and New Salem, w ith  
continued success in the Traverse. Somo seism ic work w as started late in the year.

Tho new discoveries, depths, productions, etc., arc listed , and tables give summaries 
of tho completions and daily average and m onthly productions for all tho fields.

• ' G. D . H .
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986.* New Pools and Deep Pays in West Texas; Quiet in Panhandle. D . H. Stormont. 
O i l  G a s J . ,  25.1.40, 38 (37), 191.—Nino new producing areas resulted from wildcatting  
in 1939. A t Cedar Crook production is in tho San Andres (Porm.) limo. Tho Apco pool 
in tho JGUenburgor limo covers 2500 acres. In Ector County a now and deoper limo- 
pay was found in tho Lower Permian. Tho Y ates is productive a t i'roinrae. Croat 
activ ity  led to tlio uniting of tho W asson and Boim olt fiolds. There wero no discoveries 
in tho Panhandle.

A table shows tho iliscovorios, their productions, depths, etc., and tho results of 
drilling are summarized. Tho daily avorago and m onthly productions of the fields are 
tabulated. G. D . H.

987.* Eastern and Western Kentucky, Indiana, Ohio, and Eastern Fields. Anon. 
O i l  G a s  J . ,  25.1.40, 38 (37), 196.—-Tables summarize tho results of drilling during 1939 
in Eastern and W estern K entucky, Central and South-Eastern Ohio, tho Lima fiold, 
Indiana, and tho Eastern fiolds (Pennsylvania, etc.). G. D . H.

988. Illinois Discoveries not Equalling Drop. H . F. Simons. O i l  G a s  J . ,  23.5.40, 
39 (2), 31.— Tho results of recent drilling in Illinois aro not sufficient to offset the 
decline in output from tho Dovonian lime of the Salem pool. In tho renewed efforts 
this year thoro have been fourteen discoveries, including oxtensions and now pay 
horizons. Nearly all aro in tlio south-oast of tho State.

Tho m ost important pool found is Irons, in W hite County. Tho oil is at a depth of 
about 2500 ft. in tho Hurdingsburg sand of tho Chester series. Tho reserves aro 
estim ated to bo 1 ,0 0 0 , 0 0 0  brl.

Tho Albion pool, of Edwards County, gives McClosky and Waltersburg production, 
and the Bridgeport sand is reported to bo oil-saturated. McClosky production has 
been found in Jasper County and Cypress production in Ham ilton County.

G. D. H.

989.* U.S.S.R.; Russian Oil Survey. J. Wegrin. W o r l d  P e t r o l . ,  April 1939, 10 (4), 
62; May 1939, 10 (5), 61 ; June 1939, 10 (6 ), 119; July 1939, 10 (7), 52; Aug. 1939, 
10 (8 ), 62; Sept. 1939, 10 (9), 54.— The Caucasian oilfields give 91% of the entire 
Russian output, 75% being from Baku, 10% from Grozny, and 6 % from Maikop. 
Lshimbayevo gives 3% . Tho aggrogato refining capacity is 1,157,000 brl./day, w ith  
89% of it in tho Caucasian area. Tlxo homo consumption is about 23,850,000 
tons/annum .

The fiolds of tho Baku region are listed. They obtain oil from Tertiary beds which 
consist of clays and sandstones with important ajolian sands. There ai'o m any oil 
seeps and evidences of petroleum such as mud volcanoes. Many of the fields have 
18-20 producing sands, which aro often lenticular.

Of tho 7500-8000 wolls, 1200-1500 aro shut down for one reason or another. About 
67% of them  aro under moehanical operation, whilst only 400 flow. Outputs range 
from 2 to 80 tons/day. Tho upper sands aro now oxhaustcd, and wells are now being 
taken to 8000-10,000 ft., w ith tho average depth 2500-3500 ft. Woll spacing is 
1-4 hectares. E lectricity is widely used for drilling. Two 600-ml. pipe-lines run from 
Baku to Batum .

Thero aro about 200 petroliferous regions in Circasia, of which Grozny is tho oldest 
and m ost important. The original prolific but short-lived wells wero opened in 1893 
on an anticline. In 1913 tho new Grozny fields came into operation, anil extended to 
Vosnessensld. The Grozny fields aro in  Tertiary beds, which consist of shales, sandy  
clays, limestonos, and dolomites. There are several petroliferous horizons, and thero 
aro productive anticlines at Alkhazovo, Eldarovo, Molgabek, Adjurt, and Vosnessensld.

North of tho Caucasus there is commercial oil in sands of the Mediterranean and 
Maikop beds. Tho Lower Maikop beds are oil-bearing at Maikop, w hilst in Daghestan, 
at Bonoi, Berokei, and Kosh Mensil, they yield gas. Gorski Mountain and Molgabek are 
complicated structures tho development of which i3  retarded by their isolation.

Up to 1937, 80,000,000 tons of oil had been recovered from tho Grozny group of 
fields, 95% being from Okl and Now Grozny. Tho crude is paraffin-base w ith tho 
present wells 5000-6000 ft. deep. 23% of the wolls flow, and they drain 1-4 hectares 
each. A 372-ml. pipe-line runs through Maikop to Tuapas.

There was primitive production at Maikop in 1821, but m odem  development dates
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from 1907. Tho Maikop beds are productive, and oil has also been found in the 
Mosozoie. K utaiski is a  m onocline dipping at 30°, and other favourable areas aro 
under study.

Tho Georgian fields south of tho Caucasus give about 335,000 tons of oil/year. 
Naftalan and Pirsngat are the m ost important zones. North of tho Caucasus, in  
Daghestan, are a number of sm all fields of which tho structures aro com plex. H igh  
hopos are hold of this district, which lies on tho Caspian coast. Tho K uban-Black Soa 
area, which gives about 2 0 , 0 0 0  tons of oil/year, is being tested.

Tho Em ba area is said to have large oil reserves and 1200 salt domos. Tho oil 
is believed to  bo in Jurassic beds. The wells aro deeper than is general in tho other 
Soviet fields. Oil reserves aro ostim ated to be far in oxcoss of 40,000,000 tons.

Tho m ain developm ent of tho U ral-Volga region dates from about 1929. Most 
of tho oil found is in the Carboniferous, but some is in  the Permian. Tho area is 
considered to havo good prospects, and pipe-linos arc to bo built w ith  connections to 
tho industrial centres of Siberia. N ew  refineries aro to bo constructed.

A little  oil has been produced in  tho Ukraine. G. D . H.

990.* Preliminary Report on the Application of the Mass Spectrometer to Problems 
in the Petroleum Industry. H. Hoovor and H . Washburn. P e t r o l .  T e c h .  (A . I . M . M . E ,), 
May 1940, Tech. Pub. No. 1205, 1-7.— Work lias shown that it  is possible to run a 
qualitative and quantitative analysis of an unknown m ixture of hydrocarbon gases 
with an accuracy bettor than i  5% of each of tho various constituents. The m ethod  
is relatively rapid.

Tho form and use of the mass spectrometer are briefly described. Tho instrument 
is highly sensitive, and a  sample of gas as sm all as a tenth of a cubic millimetre at 
N .T .P . can be used. Distinction between mothano or ethylene and ethane is very
easy, even though the former two are 2 0 , 0 0 0  tim es as abundant as the latter, and
hydrocarbons can be determined in tlio presence of other gases.

Differences in cracking patterns permit the detection of isomers.
Interesting observations havo been mado on the distribution and quantities of 

various hydrocarbons in soil samples, cores, and drilling mud samples. A routine 
techniquo has beon doveloped for qualitative and quantitative determinations of tho 
paraffin series, including m ethane, ethane, propano, butane, pontano, and still heavier 
membors, together w ith somo of their isomers.

Tho instrument is not portablo, but m ay possibly bo suitablo for somo of the 
problems iu refinery practice. G. D . H.

991.* Deep Venezuelan Producer Larger than First Indicated. Anon. O i l  1 V k l y ,

13.5.40, 97 (10), 15-18.— E l Roblo No. 2 has been thoroughly tested  in tho intervals 
9349-9520 ft. The former gavo oil at the rate of 1113 brl./day on a -fir-in. choke, and 
tho latter 1816 brl./day on a J-in. choke. A n earlier test in tho 9620-9647-ft. interval 
gavo oil at the rate of 189 brl./day. This well is about 6  m l. from tho Mene Grande 
pipo-lino. Locations have been selected for E l Roble No. 3 and E l Roblo N o. 4.

Tlio E l Roblo structure is largo and gives oil from Oligo-Mioceno beds. I t  is a few 
m iles from the Sail Joaquin field. G. D . H .

Drilling.
992.* Electrical Equipment on Rotary Drilling Rigs. G. R . Prout. P e t r o l .  E n g r ,  

May 1940, 11 (8 ), 33.— This long paper discusses two orrangemonts of equipment 
which provide easy moans of obtaining the advantage of being able to utilizo full 
available engine horso-power under all drilling conditions. In  one of these schemes 
two engines are used, each driving a largo and a sm all generator specially designed for 
oilfield work. Tho m ethod of connecting up under various conditions, tho character
istics and controls of tlio generators and m otors, the degree of flexibility, and various 
advantages obtainable are detailed. Advantages are summarized as : (1) Complete 
manceuvorability and flexibility of rig operation are provided under all conditions 
of drilling or emergency operations. (2) The drilling load is autom atically divided  
between the two or more engines. (3) Tho m axim um  output of engines is lim ited  
autom atically to a safe value by generator design. (4) Tho power is sm oothly and
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gradually applied to the load, and high torquo at very low speeds is afforded, with  
consequential avoidance of shock loads. (5) The m axim um  output of both engines 
can bo fully, easily, and safely used for hoisting service. (6 ) High empty-liook speed 
is autom atically provided. (7) The mud pump motor w ill slow down and stall in case 
of excessive pump pressures due to plugged bit or pipe, probably saving both power and 
fluid ends of tho pump. (8 ) Pump speed can easily bo controlled ovor a wide range. 
(9) The engines operate a t constant speed regardless of speod-torque requirements of 
tlio load. (10) Engine spood can bo reduced wlion drilling conditions do not require 
full power output of tho engines a t full spood, and still provide all tho rig manoeuver- 
ability and flexibility of control provided at full speed. (11) Low fuel consumption. 
(12) Electric energy availablo for lighting and auxiliary services from exciters, elim inat
ing nocossity of running sm all separate ongino-gonerator for this purposo. (13) Closed 
eooling-wator systom  can be used w ith  very little  mako-up water required. (14) 
Engines and generators can conveniently bo situated at any place round the rig.

Tho more important advantages are illustrated in tho case of recovering a stuck 
pipe by pulling a t m axim um  allowable lino load, rotating at creeping speed, and 
circulating m ud sim ultaneously. Tho second deepest hole in tho world was drilled 
to a depth of 14,582 ft., using diesel full-electric rig. D etails of this rig are included.

Rigs using diesel electric system s but driving tho pumps mechanically from tho 
ongino aro similarly studied. A. H . N.

993.* New Magnetic Method for Orienting Deflecting Tools. Anon. P e t r o l .  E n g r ,  

May 1940, 11 (8 ), 48.—Tho oriontation is accomplished by the use of a non-magnetic 
sub containing two sm all m agnets and provisions for seating a directional magnetic 
single-shot instrum ent. Cross-sectional sketch and details are given. A . H . N.

994.* Deepening and Completing a W ell in the Lisbon Field, Louisiana, Pt. 4. P . D.
Torrey and F. H . Miller. P e t r o l .  E n g r ,  May 1940, 11 (8 ), 103.—Tho fourth part of 
this exhaustivo papor follows similar lines to the previous threo, in that it  dotails, w ith  
extensive data, every stop undertaken in deepening a certain well. Sizes, weights, 
loads, and other characteristics of equipment and operations aro given.

This part continues tho discussion on drilling, mud control, weight on bit, depth 
measurements, coring, and fishing jobs, and gives suggestions for tho prevention of 
the last operations.

A  summary of tho drilling procedure is given in order to bring into promineneo 
various important points and suggestions resulting from theso studios, in tho hope of 
reducing drilling time on future similar jobs.

This part concludes w ith  completion and sand-testing procedures. Further parts 
will bo published later. A .H . N.

995.* Drilling and Completion Practices Involving Use of Light-Weight Alloy Metal.
R . C. Graham. P e t r o l .  E n g r ,  May 1940,11 (8 ), 121.— The uses of drillable light-weight 
alloys in multiplo-zono production, and in special cases of shooting just below tho 
casing, are detailed and illustrated by sketches and tables. Caro is exercised in 
lowering tho pipo in the hole, although it is generally handled as an ordinary pipe, 
because alloy easing cannot withstand the same vertical column load as steel. It is 
ideally suited for removal either by tho uso of a piloted-type five-bloded drag bit or a 
conventional wall-scraper. Rotary table speeds ranging from 50 to 125 r.p.m ., and a 
bit weight of 2 0 0 0  lb., have proved m ost satisfactory, the average rate of removal being 
5 ft./hr. This rate of removal has been influenced by cement behind the removable 
section. Mud screens or some othor adequate m ethod m ust bo used for removing 
tho cuttings from tho mud.

Reviewing the progress made during tho last year by operators in tho Illinois Basin  
in the use of drillablo m etal, it  is obsorved that twin w ell drilling for m ultiple sands has 
boon greatly reduced, w ith resultant larger profits to the operator owing to a  reduction 
in his investm ent costs. I t  has permitted the adequate testing of doubtful formations 
that were cased-off in testing lower sands. A m ethod of reducing high gas-oil ratios 
has been made possible by tho insertion and supervised removal of drillable motal in 
casing strings, and, finally, better bottom-holo cem ent plugs for wator shut-offs are 
more easily obtained. A . H . N.
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996.* Latest Developments in Oilfield Equipment Displayed at Petroleum Exposition.
Anon. W o r l d  P e t r o l . ,  May 1940, 11 (5), 42-87.— This long treatise gives diagrams, 
photographs, characteristics, and detailed descriptions o£ oilfield equipment 
exhibited at Tulsa, Texas. Tho apparatus described aro extrem ely varied, and rango 
from derricks and drilling equipment to production engineering necessities and 
accessories. A . II. N.

997.* Effect of Formation Permeability on Plastering Behaviour of Mud. H . T.
Byck. O i l  W k l y ,  3.6.40, 97 (13), 19-20; cf. also O i l  G a s J . ,  30.5.40, 39 (3), 50-51. 
P a p e r  p r e s e n t e d  b e fo r e  A m e r i c a n  P e t r o l e u m  I n s t i t u t e .  I t  has frequently been stated  
that tho loss of liquid from drilling mud increases w ith increased perm eability of tlio 
formation penetrated. Several recent papers which present a theoretical analysis of 
the filtration of mucls point out that this factor should havo littlo  or no influence on 
tho mud plastering. Tho prosont paper presents oxtensivo experimental data to check 
this important point.

The results from experiments w ith representative muds w ithout chemical or other 
treatmont aro found to indicate tho sam e water loss and mud-sheath thickness on cores 
of widely difforont permeabilities.

Such results cast grave doubt on tho ability to force oither cem ent slurries or wholo 
mud into homogenous form ations; and it appears necessary to conclude that tho 
appearance of m ud or cem ent in wells adjacent to tho ono under consideration can take 
placo only through crevices, chaimels, fractures, caverns, or similarly largo pores.

A . H. N.

998.* Drilling Curve Climbs Sharply to Highest Point Since 1920 Peak. L. J . Logan. 
O i l  W k l y ,  13.5.40, 97 (10), 12-14. Tables and a graph illustrate tlio statem ent of tho 
title. A . H . N .

999.* Some of the World’s most Difficult Operating Problems. R . W . Harrison and 
W . F. Knodo. O i l  W k l y ,  20.5.40, 97 (9), 48-54. Operations in Turner Valley have 
presented great difficulties botli in drilling and producing operations. Tho character
istics of this fiold in Canada are outlined.

An averago well costs approxim ately SI00,000 to turn into the tank, m ainly duo to 
hard drilling. Tho time required from spudding to the cem enting of the oil string 
at an avorage depth of 8000 ft., is from 4 to 5 m onths, w ith an additional 2 or 3 weeks 
to drill the limo section and com plete the well. Tho drilling equipment is described, 
and the size and characteristics of components aro given.

Completion work is similarly described, together w ith various m ethods of acidizing 
and cleaning tho wells.

Paraffin accumulation in tubing is a serious problem, requiring constant attention. 
Tho greatest difficulty is experienced during t he period of low allowables. One effective 
means of combating this nuisance is to blow tho well down tlirough wide-open con
nections for about an hour, a t weekly intervals. D etails aro given. A. H . N.

1000.* Welding Surface Casing at Oklahoma City. Anon. O i l  G a s J . ,  2.5.40, 38 (51), 
37. Substantial savings in tho cost of wolls a t Oklahoma City are being effected by 
tho use of light-weight wolded pipe for surface casing. Tho procedure of sotting such 
casing strings is given. In all cases the strings have had float shoes of the slip type  
which are welded on to tho string. A . H . N.

1001.* Tool-Joint-Wear Data kept on Simplified Records. H . F . Simons. O i l  G a s J . ,
2.5.40, 38 (51), 39.— Practices w ith regard to tool-joint maintenance and replacements 
in drilling Illinois wells aro given. Avorage life of drill-pipe in this basin Is from
50,000 to 60,000 ft., tho tool-joints requiring replacem ents a t least once and som e
tim es twice during this lifetime. Additional footage m ay be gained on tho last set  
by having a ring of hard-surfacing material applied on tho drill-pipe at tho tool-joint 
shoulder. This treatment cannot bo used w ith new pipes, as replacements of joints 
would then bo very difficult.

A detailed record is kept of the wear of tho tool-joints, and an examplo of such a 
record is reproduced. The illustration is studied in dotail to explain tho usefulness 
of the data recorded. A . H . N .
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1002.* Devonian Drilling, H . F . Simons. O i l  O a s  J . ,  9.5.40, 38 (52), 74.— Great 
difficulties aro being oncountored in drilling for Devonian production in tho Illinois 
basin. Tho major problem appears to bo tho prevention of loss of mud into tho 
formation and tho sticking of tho drill-pipo whilo coming out of tho hole. In tho best 
areas from 5 to 6  tons of aquagol are required for tho mud, w hilst tho worst areas 
for loss of circulation require from 10 to 12 tons. In addition, considerable quantities 
of fibred material aro used to  plug up tho pores in tlio formation, so that a sheath is 
formed. Details of a m ethod of controlling tho mud are given.

Loss of cement in setting cosing is a similar problem. Various m ethods o f  elim inat
ing this troublo in comonting operations aro doseribed. In one m ethod tho porous 
formation is cem ented before running-in the casing, using a retainer just above tlio 
sand. Another m ethod is to  use a multiplo-stago comenting tool and a casing shoe. 
A variation of this is to squcozo tho cem ent through tho ports of the cementing tool 
and use two retainers to localize tho cement to tho formation by placing them  below  
and abovo the tool. D etails of pressures encountered are given.

Another m ethod is to run tho casing in the ordinary manner and cement round tho 
bottom  w ith  approxim ately 300 sacks. After allowing timo for tho cement to tako its  
in itial sot, a  second batch is forced into tho liolo behind tho pipe through tlio braden 
head, tho cem ent being forced downwards to displace tho fluid into tho formation.

This m ethod is also applied with a variation by other operators. A . H . N.

1003.* Technical Aspects of Carter Pressure Core Barrel. P . Reed. O i l  G a s  J . ,

16.5.40, 39 (1), 114.— The significance of data obtainable from using a Carter pressure- 
core barrel is discussed in dotail. Tho more general applications of pressure cores and 
pressure-core data are : (1) A more certain determination of reservoir content than is 
furnished by tho conventional non-pressure-typo core barrel. (2) Locations of gas 
caps and determination of content. (3) Studies of oil, gas, and water gradients through 
a producing zono. (4) Studios in well spacing. (5) Studios of oil remaining in place in 
depleted fiolds by drilling and coring intermediate ■wells. (6 ) Studios of various 
■methods and rates of production by working on cores whilo thoy are under pressure. 
(7) Studios of contam ination of cores. Various other uses are discussed, including the 
possibility of coring unconsolidated sands.

A new core barrel has recently been com pleted very similar in design to the original 
experimental ono, oxcopt that it  is now possiblo to cut a core 2  jj in. in diameter instead 
of tho original I f  in. Tho length of tho core is 8  ft. 6  in. A description and detailed  
sections and photographs reveal tho mochanism employed.

Since drilling fluid has a tendency to precedo tho drill into formations, special 
attention has boon paid to tlio prevention of contam ination. This m eant increasing 
tho size of tho core and a study of mud control and treatm ent. Such studies resulted 
in designing a high-prossuro wall-building tester for muds ;  the apparatus is described. 
High-pressure differentials and temperatures are employed to approximate bottom- 
hole conditions. Tho rate of water loss is measured at constant pressure differential 
and temperatures. A . H . N.

1004.* Operating Economics in  Lake Centralia-Salem Field, Illinois. T. P . Sanders. 
O i l  G a s  ./., 23.5.40, 39 (2), 50.— Because of highly com petitive drilling in this field, 
technical advancements in production engineering are m ainly ignored. Steps towards 
economy are, howovor, constantly being taken.

I t  has been found that for the U .S.A . as a  wholo 75% of tho total sum expended on 
tho averago well throughout its  lifo is spent before any oil is produced. This suggosts 
that development work represents the m ost advantageous fiold for economy.

Furthermore, operators found it possiblo to reduco their developm ent costs for 
shallow wells from $10,000 to $ 8 ,000/well. This fact, howover, did not m ean a 
saving of only 20%. Tho average expocted recovery/well was S 18,000— i . e . ,  80% 
profit on m oney originally invested. AVith the new economical developm ent this 
figure roso to 125%, due to tho fact that a million dollars could bo spread over a 
greater’number of wells than was possible previously, thus bringing in a  45% greater 
profit.

Tho paper details tho various steps taken to effect economy in development. 
Drilling m asts were substituted for derricks for welLs down to 3400 ft. Loss of circula
tion was a difficult problem, and mothods of solving it  were evolved. U se of cem ent in 
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ono of m any methods specially evolved for the field is overcoming this difficulty. 
U se of fibrous materials w ith  tho cem ent, multiplo-stago cementing w ith or without 
packers to  localize tho cemont into tho porous formation, cem enting through tlio 
braden head, and variants of theso m ethods are used.

Economies in pum ping and other production operations aro practised by tho use 
of the correct equipment. A . H . N.

1005.* Difficult Completion Job. J. P. O’Donnell. O i l  G a s  J . ,  23.5.40, 39 (2), 6 8 .—  
Tho successful com pletion of a wildcat well which blow open for three weeks boforo 
it  was brought under control is described. Whilo blowing wild, tho well had a flow 
measured at more than 50 million eu. ft./day. Several factors contributed to make tho 
job of bringing the well under control one of unusual difficulty. Casing had not been 
run boforo tho well drilled itself in, and highly porous formations, as well as deep- 
shalo gas pockets, carried off mud and cement when attem pts were made to kill tho 
well. Either a  break in the water string or channelling around the shoe permitted mud 
and comont to escape also through shallow water sands.

Details of three unsuccessful, and a fourth successful attem pt to kill the well are 
given. Aquagcl, firo clay, and Fibrotox were used. Mud and cem ent were pumped in  
by two soparato units. A . H . N.

1006. Patents on Drilling. W. Schwomloin. U .S.P. 2,198,744, 30.4.40. Appl. 
24.10.36. Pitm an connection.

F . E . Patton. U .S .P . 2,198,836, 30.4.40. Appl. 6.11.37. Surveying instrument for 
testing tho straightness of a vortical member such as a drill-pipe before it  enters tho 
hole.

R . L. W axier. U .S.P. 2,198,849, 30.4.40. Appl. 9.6.38. Drill bit.

H . S. Pierce. U .S.P. 2,199,292, 30.4.40. Appl. 17.11.38. H eavy duty drive chain.

J. F . W hite. U .S .P . 2,199,298, 30.4.40. Appl. 17.11.38. Fishing tool.

L. F. A thy and H . R . Prescott. U .S.P. 2,199,367, 30.4.40. Appl. 10.8.38. Method 
of logging bore-holes electrically.

C. M. Anderson. U .S.P. 2,199,582, 7.5.40. Appl. 28.3.38. Roverso clutch and 
gearing unit.

A. C. Catland. U .S.P. 2,199,692, 7.5.40. Appl. 11.8.37. Demountable blado bit.

A. C. Catland. U .S.P. 2,199,693, 7.5.40. Appl. 18.11.38. W ell reamer.

G. R . Huff. U .S.P. 2,199,725, 7.5.40. Appl. 16.3.39. Self-lubricating stuffing-box 
for oil wolls.

F . G. Beckman. U .S.P. 2,199,733, 7.5.40. Appl. 11.5.38. Combination rotary table 
and pack-off head.

F . G. Beckman. U .S .P . 2,199,734, 7.5.40. Appl. 11.5.38. Portable rotary table.

F . G. Beckman. U .S .P . 2,199,735, 7.5.40. Appl. 29.12.38. Packing gland.

W. V. Bowles. U .S.P. 2,199,738, 7.5.40. Appl. 7.4.39. Tool joint for drill stem .

M. E . Bolles. U .S .P . 2,199,873, 7.5.40. Appl. 3.10.38. Oil well rig on wheels.

E . C. Ham m . U .S.P. 2,199,969, 7.5.40. Appl. 6.3.39. Straight pull tool jar.

D . U . Shaffer, F . D . Hobbs, and E , C. Ham m . U .S.P. 2,199,972, 7.5.40. Appl.
27.5.38. Cireumorbital cutting tool.

J . W. McNeil. U .S.P. 2,200,093, 7.5.40. Appl. 18.10.38. P ipe wrench.

T. A . Taylor and C. F . McComas. U .S .P . 2,200,210, 7.5.40. Appl. 28.9.38. Safety  
dovico for rotary drilling rigs.



J. W. MacClatchio. U .S.P. 2,200,337, 14.5.40. Appl. 18.12.37. Drill bit.

C. C. W inslow. U .S.P. 2,200,482, 14.5.40. Appl. 13.8.38. Rock bit.

R . L. Kerr. U .S.P. 2,200,505, 14.5.40. Appl. 30.8.38. Locating device for use in 
borc-holes.

J . B . Newsom. U .S .P . 2,200,516, 14.5.40. Appl. 27.7.37. Drill liolo sheavo carrier.

M. Schlumberger. U .S.P. 2,200,683, 14.5.40. Appl. 24.1.36. Coro taking dovico.

F . A. Bent, A. G. Loomis, and H . C. Lawton. U .S.P. 2,200,710, 14.5.40. Appl.
19.2.38. Method of scaling water-bearing formations by introducing into formation a 
water soluble salt of hydroftuosilicic acid and reacting it  w ith an alkali salt to produce 
a precipitate.

J. E . H all. U .S.P. 2,200,716, 14.5.40. Appl. 27.6.38. Casing protector applicator 
tool.

C. L. Henry. U .S.P. 2,200,775, 14.5.40. Appl. 15.8.38. Derrick.

H. T. Ringrose. U .S .P . 2,201,055, 14.5.40. Appl. 27.7.37. Apparatus for indicating 
the presence of inflammablo vapours or gases electrically.

I. C. Boll. U .S.P. 2,201,219, 21.5.40. Appl. 16.10.37. Drill bit.

W . D . Owsley and R . L. Shook. U .S.P. 2,201,299, 21.5.40. Appl. 21.3.38. Multiple 
stago cementing.

J. F. Shaw. U .S.P. 2,201,379, 21.5.40. Appl. 2.6.39. Drill bit of roller typo with  
sido cutters.

C. J . Gallagher. U .S.P. 2,201,434, 21.5.40. Appl. 10.2.40. Fishing tool.

J. A . Zublin. U .S.P. 2,201,569, 21.5.40. Appl. 21.2.38. Compact roller drilling bit.

J . A. Zublin. U .S .P . 2,201,570, 21.5.40. Appl. 3.1.39. Rotary earth boring bit.

T. S. Park. U .S.P. 2,201,673, 21.5.40. Appl. 6.11.37. Rotary drilling machine.

C. A .D ou d . U .S .P . 2,201,813, 21.5.40. Appl. 12.2.38. Device for laying pipe at an 
oil rigging.

D . E . McKee. U .S.P. 2,201,909, 21.5.40. Appl. 19.5.36. Boro-holo inclination  
transm itter comprising a pendulum and a number of eccentrically spaced contact 
rings to transm it an im pulse when tho pendulum contacts any one of them.

A. L. Straub. U .S.P. 2,202,173, 28.5.40. Appl. 29.6.39. W ell cementing dovico.

F. N . Osmun. U .S .P . 2,202,260 and 2,202,261, 28.5.40. Appl. 28.8.39 and 23.8.37 
respectively. Safety joint adapted for uso in  a string of pipe in a well.

C. J . Esseling. U .S.P. 2,202,446, 28.5.40. Appl. 7.11.30. Pipe grip for rotary tables.

G. J . Nash. U .S.P. 2,202,461, 28.5.40. Appl. 1.11.37. Detachable float plug for 
casings.

C. J. H aynes. U .S .P . 2,202,656, 28.5.40. Appl. 15.7.3S. W cll-logging electrode.

J. T. E llis. U .S .P . 2,202,OSS and 2,202,986, 4.6.40. Appl. 22.5.39 and 24.7.39 
respectively. P ipe cutters.

G. P. E llis and J. T. E llis. U .S.P. 2,203,011, 4.6.40. Appl. 8.4.37. Pipe-cutter.

H . E . Grau and R . K . H ertel. U .S.P. 2,203,139, 4.6.40. Appl. 3.12.38. Drilling- 
hook having a universal joint so that hook can tilt relative to stem .

M. Hokanson. U .S .P . 2,203,216, 4.6.40. Appl. 18.1.39. Drill b it. A. H. N.
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Production.
1007.* Portable Laboratories for Core Analysis. D . H . Stormont. O i l  O a s  J . ,  2.5.40, 
38 (51), 49-50.—-Immediate analysis of cores eliminates the tim e lost in the transporta- 
tion of such coros and yiolds more accurate results. A description is given of 
laboratories on trucks which aro com pletely equipped to analyse cores im m ediately  
on removal from tho barrol for perm eability and porosity values, for fluid indox, and 
for por cent, residual-oil saturation, as woll a s  such item s as gas-oil and oil-w atcr  
contact and gravity of oil.

Tho procedure followed is dotailed. One sam plo/ft. is usually sufficient, but where 
sands aro oxtromoly variablo two sam ples/ft. are tosted. Tho results of tho analysis 
are availablo approximately 3 hr. after the core is pulled, which is usually sufficiently 
rapid to keep up w ith coring operations.

A typical analysis chart is studied to illustrate tho uso of tho m ethods. A . H . N.

1008.* Metals in Production. W . L . Nolson. O i l  O a s  J . ,  2.5.40, 38 (51), 52.—This is 
tho fourth of a  scries of articles on tho m otallic materials that havo been recommended 
by equipment and m etal manufacturers for uso in producing equipment. A table gives 
recommended percentage composition, in terms of carbon, manganese, nickol, molyb- 
donum, and “ othors,” the physical properties in terms of yield point, ondurance lim it 
in air and in H 2S, and Brinoll hardness, as well as notos on heat treatm ent for motals 
used in rods and couplings. In  all tw enty-six m etals are thus described.

“ Endurance lim it ” is defined as tho m axim um  load in lb ./sq . in. which tho material 
can sustain during a lim itless number of load applications or reversals of stress. A  
tablo shows a rango from 30,000 to 59,000 lb ./sq . in. for enduranco lim it in air, with a 
corresponding range of 11,000-22,000 in II2S ; tho lowest lim it in air is, howovor, not 
necessarily low in H 2S and v i c e  v e r s a .  A . H . N.

1009.* Recycling Becomes Important Phase of Oil Operations. E . Kayo. O i l  O a s  J . ,

9.5.40, 38 (52), 34.—Tho quantity of liquid recovered in a recycling plant for producing 
from distillate fields is very sm all. Thus, tho gas is brought to the surface and run 
through the plant w ith a minimum of pressure drop, and tho effect of rotrogrado 
condensation is achieved as a plant function and is avoided in tho reservoir.

A t least five variations of extraction m ethods are in uso, each varying from the other 
by the exten t of cooling and circulation of tho materials subjected to retrograde 
condensation.

A groat deal remains to bo learnt about tho behaviour of tho dry gas returned to the 
resorvoir after separation of tho distillate. Theoretical calculations and certain data
show that a well pattern for input and output wells can bo designed for a field so that
substantially all the wot gas is recoverable.

Thero is practically unanimous agreement that in the developm ent of a gas-distillate  
field, unit operation is fundamental. A . H . N.

1010.* Correct W ell Completion and Design of Gathering Systems Important in Re
cycling. G. Weber. O i l  O a s  J . ,  9.5.40, 38 (52), 6 6 .— Tho gathering system  in a re
cycling plant in E ast Texas is described. Tho well connections, type of equipment 
used, as woll as well condition and completion m ethods, are detailed. Gravel packing 
is adopted in order to assure largo capacity in both producing and injection wolls. 
Tho paper is mado completo by a map showing tho plan of tho field system  and tables 
giving characteristics for woll-hcad pressures and temporatures. A. H . N.

1011.* Surface-Controlled Intermitter Utilizes Static Fluid Column. D. H. Stormont. 
O i l O a s J . ,  9.5.40, 38 (52), 88-89.— The paper describes a  now type of interm itter which 
is entirely mechanically controlled from tho surface w ith relatively sim ple controlling 
equipment. I t  is different from any other interm itter hitherto in use, in that it makes 
uso of a static-fluid column established from tho flow device to  the top of tho hole. 
This fluid column acts as a medium of control between the two points. I t  transmits a 
force applied at tho surfaco to tho bottom  of tho hole, where it m oves a piston, which in 
turn directly closes tho gas-valve on the intermitter. W hen tho pressure is released 
from tho dead-fluid column, the piston m oves upward, opening the valve to allow gas 
to inject into tho chamber. A s the flow intervals and periods of g a s  injoction are
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regulated by tho controls placed on tho surface connections of the wells, they will 
operate regardless of the conditions set up in  tho woll itself. Lifting is accomplished 
with low gos-oil ratios and high ofTieieneios.

Tlio apparatus and method of operation aro detailed. A. H . N .

1012.* Novel Clean-Out Machine on a Large Lease. b>. II. Stormont. O i l  G a s J . ,

9.5.40, 38 (52), 92.— To service and clean out about 300 wells of 4200-ft. producing 
depth each, and located on a 2 2 ,0 0 0 -acro lease, a  shop-wolded pipe trailer was found 
m ost offoctive. A 50-ft. m ost was welded in a conventional manner, but was hinged at 
tho bottom  of each leg so that it folded back on the trailer when in transport or could 
bo raised to the vortical position when on tho location. Supports welded on top of tho 
trailer allowed the m ast to rest snugly on tho trailer and obviated shifting. Tho wholo 
assem bly is liauled by a six-wheel truck on tho bed of which a 75-h.p. gasolino engine 
and draw-works wero installed. A . H . N .

1013.* Water-Flood Proves Successful in Miami County, Kansas. D . Dalrym plo. 
O i l  G a s  J . ,  16.5.40, 39 (1), 104-105.— A roview of repressuring by air and by water- 
flooding operations is given. R esults appear successful. A . H . N.

1014.* Stabilization through Proper W ell Spacing. D . R . K nowlton. O i l  G a s  J . ,

6.6.40, 39 (4), 16.—Tho ultim ate problem of tho oil-produetion business is to make 
income exceed cost. Tho principal costs aro tlneo : leasehold, development, and 
operating. Tho income is from sales, tho sufficiency of which depends on quantity  
and price. The producers havo but a scant control on price. The quantity of current 
sales is controlled (in U .S.A .) by regulatory proration in somo States, and by purchaser 
or pipo-lino proration in others. The quantity of ultim ate sales is lim ited to tho 
quantity of recoverable oil in tho reservoir. Hope for stabilization therefore lies in 
reducing costs. In  these thero is but slight control over leasehold costs.

The reduction of developing and operating costs offers tho best possibilities for 
improving the producers’ businesses. There is ono simple principle and two simplo 
means for effecting such improvements.

The principlo is to develop reserves w ith loss capital expenditure than is necessary 
at present. The means aro to uso wide well spacing and unit operations of pools.

This principlo and tho two means for reducing costs aro discussed after tho analysis, 
and their application is illustrated by studying cases in Magnolia and Toxas. In  
particular tlio sliort-sightednoss in not adopting unit controls is condemned.

A current oxamplo of tlio results possiblo under unitization is found in Oklahoma, 
where a pool is developed under unit production by four operators. This control made 
it  possiblo to develop tho reservoir efficiently and to take advantage of a  pronounced 
and efficient water drive. Tho sands havo zones of varying perm eability, and for 
efficient developm ent, it was decided to reduce the rate of withdrawal and pressure 
maintenance was instituted. Over 4 } million brl. of crude havo been produced in the 
last 2 years, w ith a bottom-liolo pressure drop of only 4 lb. Tho lifting cost has been 
only 3-1 cents/brl. A . H . N.

1015.* Co-Operative Repressuring Plan Yielding Returns in Louisiana. G. Weber.
O i l  G a s J . ,  6.6 .40,39 (4), 38.— Tho history of the fiold discussed is one of boom production 
and decline at a rapid rate. Several factors contributed to  the reversals. Close drilling, 
on a  2 0 -acro spacing pattern over much of the field, was not justified on tho basis of 
rosorves, and was found unnecessary for drainage. This was rectified later, and 
operators reverted to 40-acre spacing for later drilling developm ent. Pipe-line 
proration and reductions in crude prices contributed further to the field’s decline in 
importance, and reservoir pressure dropped rapidly in the absence of an effective  
water drive. Details are givon.

A co-operative repressuring plan is now yielding returns to operators who adopted 
it recently. The system  is described and illustrated in some detail. In itial investm ent, 
following completion of tho well, has been nominal, and operating costs are low, 
contributing to success of tho co-operativo conservation project. Reversal of the 
production decline of m any months has resulted. A . H . N.



3 2 6  a ABSTRACTS.

1016.* Retrograde Condensation and Distillate Wells. F. W. Laverty. O i l  I V I c l y ,

6.5.40, 97 (0), 13-18.— Up to the critical tcmporaturc, compressing hydrocarbon gases 
a t constant temperature results in  incrcasod condensation into the liquid phase. 
Abovo it. the opposite occurs— i . e . ,  retrograde condensation whore tho liquid phase 
diminishes w ith  increase in pressure at constant t emperature. Retrograde condensation 
occurs only when a m ixture of gases is compressed. Tho greater the difference in 
critical temperatures of the components of tho m ixture, the greater the range in which 
rotrogrado phenomena will occur.

Graphs are reproduced to show the relative am ounts of fluid in tho reservoir at 
various temperatures and pressures, assuming a cose of a  reservoir w ith a  m ixture of 
light hydrocarbons. Tho liquid phase increases w ith  increase in pressure up to 
1000 lb ./sq. in., tho rotrogrado point, after which it  diminishes to zero at 2500 lb ./sq . in. 
and 60° F. The rotrogrado point is practically the same for various curves of constant 
temperature, but the higher the temperature the lower is tho pressure at which tho 
liquid vanishes.

The principles of retrograde phenomena aro applied to production practices in the 
so-called distillato wells, whore tho crude is maintained in  the vapour state, by  
maintaining the pressure a t tho appropriate value for tho particular crude, and thus 
greatly decreasing irrecoverable crude which would condense and wet tho sand grains.

Tlio first matter to be settled when the distillate field is drilled in is to determine the 
quantity of distillate that can be produced, the fluid ratio, tho optimum working 
pressures, and the pressure to which it w ill be necessary to recompress the gases to 
return tho residue gas to tho formation. Typical cases are studied to illustrate tho 
procedure. A . H. N.

1017.* Injection Method for Salt-Water Disposal. Part 2. B . Mills. O i l  W k l y ,

6.5.40, 973 (9), 19-26; cf. Abstract No. 914 for Part 1.—Tho first instalm ent of this 
article discussed conditions generally conducive to salt-water injection, and specifically 
outlined the nature of disposal efforts in the E ast Texas field. Descriptions of disposal 
plants and wolls operated by Tide Water Oil Co. and Magnolia Petroleum Co. wero 
also included. Tho second instalm ent describes sovoral additional plants operating 
successfully in E ast Texas.

In each case a flow-sheet diagram is given, supplem ented by photographs of various 
components of the plant. A. H . N.

1018.* Portable Meter Units Aid in Special W ell Gauging. Anon. O i l  W k l y ,  6.5.40, 
97 (9), 27,— Two principal factors are involved in  taking the potential of a w e l l : (1) 
the actual recording of tho reservoir pressure in lb ./sq . in. for each given rate of 
production; and (2 ) tho accurate gauging of tho fluid as it  comes from tho woll.

Tho paper describes a gauging unit mounted on automobile chassis for portability, 
designed to solve the second problem without unduo congestion at the wells to be 
tested . A . H . N.

1019.* Paint Coatings Reduce Air Deterioration of Casing. F . R . Cozzons. O i l  

W k l y ,  6.5.40, 97 (9), 36.— Air-prcssuring wolls eventually results in rapid deterioration 
of casing, tubing, and other underground equipments, due to oxidation, particularly 
in localities where salt water is prevalent. To reduce the rate of deterioration, paints 
and pipe insulators have been used, the treatm ents having to be resistant to acids, 
alkalis, salt, sulphm', iron, and to resultant oxides.

A  treatm ent of outstanding merit under practical fiold tests consists of using two 
paints, a combination of asphalt and aluminum. Tho m ethod is described.

A. H. N.

1020.* Modification of California Proration Formula Proposed. Anon. O i l  W k l y ,
6.5.40, 97 (9), 41.— A detailed and illustrated discussion is made of the failure of tho 
present proration formula in certain instances, and a  now one is outlined. Tho 
modified formula has three component parts. Tho first is a  gradual reduction in- 
tho minimum allotm ent. The second is reduction in the remaining allotm ent resulting 
from a change of power factor. The third part contem plates continued reduction of 
the top allotm ent, which, however, because of the contributions of tho preceding two 
steps, will not bo as drastic as tho top allotm ent cuts which have been made since 
Juno 1939. A . H . N.
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1021.* Injection Method for Salt-Water Disposal. Part 3. B . Mills. O i l  W k l y ,

13.5.40. 97 (10), 10-27.—This paper concludes tho sym posium  on the procedure 
and methods employed by E ast Texas injection system s for salt-water disposal. 
Again flow-shcots, photographs, and a detailed description aro given for each ¡riant 
discussed.

In  conclusion it is stated that experionce in the E ast Texas field indicates that sa lt
water disposal wells m ay be a suitable m ethod in several localities. However, proper 
conditions m ust be in existence for the procedure to have possibilities of success.

A .H . N .

1022.* Review of the Principles of Oil Reservoir Performance. T . V. Moor. O i l  
W k l y ,  3.0.40, 97 (13), 15-18. P a p e r  p r e s e n t e d  b e fo r e  A m e r i c a n  P e t r o l e u m  I n s t i t u t e .—  
A summary of tho conclusions obtained is as follows : Production of oil is accomplished 
by displacement of oil from the pores of the sand either w ith  gas or with water. In  
both cases some oil is left in tho sand, because sands which contain only a sm all amount 
of oil do not readily transmit oil through their pores. Loss oil is loft in a sand from  
which oil has boon displaced by water drive than woidd bo loft by o gas drive. In  
weter-drive fields it  is important that production bo sufficiently slow  to permit tho 
water to flood tho fine as woll as tho coarse sands. Gas caps should not bo perm itted  
to decrease in sizo duo to production at oxcossivo gos-oil ratios. W ells arc important 
mechanical units, and must bo completed properly and kept in good repair. A number 
of strategically located wells is necessary to provido for adequate control of tho 
displacement of oil by water or gas, but otherwise tho number of wolls drilled is of 
minor importance.

W hen multiple zonos of oil-bearing sand are present, the displacement of oil can be 
earriod out m ost efficiently by producing one zone at a tim e.

The gas and water must bo consorved; and, unless tho reservoir contains an ample 
supply of thoso fluids to provido for tho displacements of all recoverable oil, it  m ay bo 
advisable to return at least a portion of the gas or water produced to tho reservoir. 
Production operations should be carried out in such a manner as to keep recoverable 
oil concentrated in as sm all a part of tho sand as possiblo. A . H . N .

1023.* Prevention and Removal of Paraffin Accumulation. W. Y . Brown. O i l  

W k l y ,  3.6.40, 97 (13), 22. P a p e r  p r e s e n t e d  b e fo r e  A m e r i c a n  P e t r o l e u m  I n s t i t u t e .—  
This study is founded on the opinions and facts furnished by individuals and companies 
in reply to a questionnaire recently circulated to  producers throughout tlio industry 
under tho sponsorship of tho American Petroleum Institute. Thus the paper discusses 
means and methods now popularly em ployed in the oil-producing areas of the U .S .A . 
for both preventing and removing paraffin accumulation, w ith particular reference to 
new and improved techniques which have appeared during the past deeado.

Tho problem is considered only from tho producer’s standpoint, which includes 
both prevention and removal of waxy doposits laid dorm by m ost crude oils in their 
m ovement from an underground reservoir to  lease storage tanks.

Tho paper is a long one and treats tho causes for w ax deposition os a foundation 
study for its prevention and removal. Tho questionnaire survey shows that methods 
now boing used by operators to  remove paraffin deposits in  the old fields include 
batch treatm ent of hot wat er, steam , gosolino heat generators; and commercial 
solvents or softeners. A . H . N .

1024.* Balancing Unequal Central Power Loads. Anon. O i l  W k l y ,  20.5.40, 97 (11), 
45-47.— In general, the switch from flowing to  pumping wells does not occur all over 
a lease sim ultaneously, but is a gradual transition, beginning w ith the locations nearest 
tho source of water drive or towards tho edge of the field where tho sand thins out. 
Under such conditions it is necessary to balance tho central power w ith  “ dum m ies.” 
These counterbalances are tied in to the power as a woll would bo, w ith tho load of 
lifting the counterbalance weight spaced to offset the return stroke of the rods in an 
oppositely situated well.

Tho m ethods of calculating and installing counterbalance weights are briefly 
described. Illustrations show typical installations. A. H. N.

1025.* Compressed-Air Repressures Sand, Cleans W ells, etc. Anon. O i l  W k l y ,

27.5.40, 97 (12), 14-18.—Compressed air used for formation repressuring has been
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adapted to porform a variety of other duties in a fiold in Oklahoma, including cleaning 
out of pumping wolls, operation of central pumping powers, lifting and handling of 
engine jacket, interstage and high-pressure cooling water, etc. Somo of tho procedures 
are innovations of interest.

Special fittings and procedures are adopted so that now, after m any attem pts, a 
dirty w ell can bo cleaned efficiently and w ith little  power expense. A detailed  
description of tho equipment and procedure is included.

An interesting item  is the uso of tho compressed air in tho compressor lubricating 
system . As an air control float falls below a predetermined height, it  sets in  operation 
tlio air-lifting mechanism, which brings oil from a well to a separator, from which air- 
freo oil flows by gravity to a second tank. Safety devices aro described. A. H . N.

1026.* Estimating Recoverable Oil of Curtailed Wells. W . W. Cutler, Jr., and H . R. 
Johnson. O i l  W k l y ,  27.5.-10, 97 (12), 19.—-Since alm ost all oil wells in tho U .S.A . 
have boon produced under curtailment, the usual m ethod of p lotting production doclino 
curves from records of unrestricted production during equal intervals of timo and of 
estim ating future production by extending theso curves has become impossible in  the  
m ajority of cases. Various m ethods utilizing data obtained under curtailed conditions, 
such as the volumetric m ethod and m ethods using bottom-holo pressures for estim ating  
recoverable oil, aro roviowod.

A solution for tho problem is, howovor, offered, which takes the form of plotting  
curves for curtailed and uncurtailed conditions. A n explanation of tho m ethod is 
given. I t  is believed that this construction of production doclino curves from pro
duction records of curtailed wolls is theoretically sound. However, its  results will 
depend entirely on tho reliability of tho potential recorded. The older the field, the 
more reliable should be the recorded potentials.

Fam ily curves for groups of w ells m ay be made from tho production decline curves of 
curtailed wells in  tho samo manner as from curves of uncurtailed wells.

Tho authors aro of opinion that for fiolds where accurate production and potential 
test records are available, this m ethod w ill furnish reliable estim ates of recoverable 
reserves of oil. A . H . N.

1027.* “  Killing ”  Wild Gas W ell. K . C. Sclator. P e t r o l .  E n g r ,  May 1940, 11 (8 ), 
23-24.— After a gas w ell was completed it  blew out at tho surface somo distance 
from tho woll. A  sm all crater formed about 150 yards away, and the gas then blow  
out in  a water well which had boon drilled to supply water for the boilers. A ttem pts 
to  kill the w ell, first w ith m ud and then w ith cem ent, proved entirely unsuccessful, and 
the cem ent appeared a t the crater.

Tho use of a spring packer was equally a  failure. I t  seemed certain, howovor, that 
if tho tubing was packed off tho casing near the surface, killing tho well would bo 
facilitated. A  chain packer was designed and used successfully in  conjunction w ith  
golf balls.

Tho packer consisted of a number of chains suspended from a collar welded to tho 
outside of the tubing. Tho lower ends of tho chain were welded to another collar, 
which floated freely on tho tubing, but which was temporarily fixed thereto by  
sm all cross-wires. Just below the chain packer was a special coupling w ith a sidewall 
opening and a defioctor for the sealing material pumped down tho tubing.

Tlio chain packer was lowered 20 ft., the  cross-wires were cut, and golf balls were 
pumped down, using a lubricator at tho head of tho well, fifteen at a  tim e. The 
arrangement formed an effective seal, after which the well was killed using water, 
then mud, and finally cem ent. A . H . N.

1028.* Removal of Drilling Mud from Formation by Use of Acid. S. C. Morian. 
P e t r o l .  E n g r ,  May 1940, 11 (8 ), 117.-—Research and developm ent work have been in 
progress in an effort to design a m ethod to remove tho m ud sheath from sand forma
tions. Such materials as commercial hydrochloric acid, various m ud thinners and 
conditioners, mechanical washers, as well as acid-soluble mud havo been vised. Of 
these only acid-soluble m ud proved practical on any large scale.

Since not all operators use this tvpo of mud, attem pts wero mado to devise a  solvent 
for ordinary muds. Conclusions regarding tho formula, volum e, and technique of  
application of the m ud acid to be used are outlined. I t  is compared w ith hydrochloric 
acid and found superior in  various respects.
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The m ost satisfactory results have been obtained when using 1000 gal. of acid for 
each 10 or 15 ft. of oxposod pay section. H alf of the total volum e m ay bo m ud acid 
and the balance composed of a wash solution.

The basic technique followed in new wells is outlined. This consists of washing 
w ith and then injecting the m ud acid into the pay, followed b y  swabbing to bring in 
tho well. A. H . N.

1029. Screening Effects of Gravel on Unconsolidated Sands. B.G um pertz. P e t r o l .  T e c h .  

(A . I . M . M . E .), May 1940, Tech. Pub. No. 1195, 1-8.— Apparatus is described in which  
the screening effects of gravel on unconsolidated sands can be exam ined. This consisted  
of a gently taporing column of sand w ith a gravel section at tho outlet end. Oil was 
driven through tho sand and gravol a t different rates by gas undor pressure, and the rato 
of oil and sand efflux was determined at intervals. The sand distribution within tho 
gravol was also determined.

I t  was found that tho largest grains of a gravol to bo used for screening unconsolidated 
sand over the entire range of flow velocities should bear a diameter ratio of 1 1  to tho 
sand at tho 10 percentile analysis. For velocities below 1-0 X 10' 3 ft./sec. a t the well 
surfaco this ratio can be increased to 1G. The minimum w idth of the walls of a gravel 
pack, to give good screening action, seems to bo that just sufficient to start bridging 
action. This w idth m ay bo that of several grains of tho gravol. In a gravel pack thero 
is no relation between flow velocity and gravel-sand sizo ratio and the distribution of 
sand in the pack. Some sand was found to migrate the length of the pack in  all cases.

G. D . H.

1030. Factors Influencing Permeability Measurements. A. J. Carlson and M. C. 
Eastm an. P e t r o l .  T e c h .  ( A . I . M . M . E . ) ,  May 1940, Tech. Pub. No. 1196, 1-6.— An air 
pormeameter suitablo for perm eability measurements on core samples is described. 
I t  was found that tho m ethod of cutting tho sam ple had no significant effect on tho 
permeability value, and tho condition of tho exposed surfaces did not seem very 
important. Sealing-wax mounting gave more consistent results than the use of a 
rubber stopper, probably due to air by-passing between the sample and stopper in the  
latter case in  some core-holders. Turbulent flow is probably responsible for some 
discrepancies in perm eability measurements, but for tho cores tested it  would appear 
that turbulonco could be avoided by keeping tho rato of flow below 1 m l./sec./sq . cm ., 
measured at tho mean pressure in the sam ple. G. D, H.

1031.* Modified Formula before Producers. Anon. P e t r o l .  W o r l d ,  May 1940, 
37 (5), 136.—A  now m ethod of allocating production to individual wells is proposed. 
If the revised m ethod is accepted it will give greater weight to tho potential factor and 
loss to the depth factor than has been practised hitherto.

Tho plan, as presented, has three parts :—

(1) A gradual reduction in the minimum depth allotm ent.
(2) A  reduction in the remaining allotm ent by changes in the power factor.
(3) Continuation of the reductions in top allotm ent, but on a less severe basis 

than has been the case in tho past. A . H . N .

1032. Patents on Production. E .Y . W atts. U .S .P . 2,198,957,30.4.40. Appl. 3 .9 .3 7 . 
Cellular sucker-rod string consisting of individually sealed hollow sections joined end 
to end, tho ratio of external diameter to wall thickness of each section decreasing w ith  
depth.

G. J. Barrett and S. Robichaux. U .S .P . 2,199,020, 30.4.40. Appl. 17.5.38. 
Cutting tool for cutting pipe inside a well.

L. S. Sm ith. U .S.P. 2,199,085, 30.4.40. Appl. 5.4.39. Oil-well shut-off.

G. A . Humason and W . J. Clay. U .S .P . 2,199,225, 30.4.40. Appl. 17.9.37. 
Pressure sampling device.

J. M. H ait. U .S.P. 2,199,490, 7.5.40. Appl. 18.4.38. Submersible pump.

C. Howard. U .S.P. 2,200,172, 7.5.40. Appl. 10.6.37. Tubing cutter.



K. Calvert. U .S.P. 2,200,487, 14.5.40. Appl. 2.11.38. Bullet-type easing 
perforator.

J. H. McCabo. U .S .P . 2,200,030, 14.5.40. Appl. 12.12.38. Pressure-tank gaugo 
and sampling dovico.

F . A. Thaheld. U .S.P. 2,200,758, 14.5.40. Appl. 25.1.36. ltod  guide for pumping 
wells.

F. H . Eckert. U .S.P. 2,200,700, 14.5.40. Appl. 10.6.38. Pump jack.

R . A . W ilson and R . A. Smith. U .S.P. 2,200,943, 14.5.40. Appl. 24.11.36. W ell- 
pumping device.

E . Kerman. U .S.P. 2,201,096, 14.5.40. Appl. 5.7.38. Method of locating and 
repairing suction strainer damages in w ells.

H . M. Greeno. U .S .P . 2,201,209, 21.5.40. Appl. 4.3.39. Method and means for
perforating well casings by attaching a chargo to tho casing itself.

E . P. Halliburton. U .S .P . 2,201,311, 21.5.40. Appl. 24.12.36. Apparatus for 
indicating the position of devices in pipes by causing a vibration to ensue on its passing 
a joint in tho pipe. The vibrations aro recorded at tho surface.

K . Ford. U .S.P. 2,201,433, 21.5.40. Appl. 16.1.39. Liner hanger.

S. A. Mullins. U .S.P. 2,201,447, 21.5.40. Appl. 27.5.38. Fluid taking tool for
oil wells or tho like.

B . E . Parrish. U .S.P. 2,201,451, 21.5.40. Appl. 27.2.37. W ell swab.

W. K . Thomas. U .S .P . 2,202,034, 28.5.40. Appl. 1.6.37. W ell heater.

H . F. Cypher. U .S .P . 2,202,192, 28.5.40. Appl. 24.7.39. Casing-liead structure
comprising a tubo to be inserted in casing w ith a tight seal between it and the casing, 
tho tube having a valve under control.

W. S. Sease. U .S .P . 2,202,404, 28.5.40. Appl. 25.5.38. Apparatus for deter
mining horizon productivity of wolls having a velocity-responsivo elem ent which 
electrically translates rate of flow in woll into signals at surface.

E . Topanolian. U .S .P . 2,202,439, 28.5.40. Appl. 9.8.38. Pumping apparatus 
with surface-operated doep woll motor.

J. D . N ixon. U .S.P. 2,202,462, 28.5.40. Appl. 7.11.38. Means for interm ittently  
controlling tho flow of fluids.

J. C. Myer. U .S .P . 2,202,504, 28.5.40. Appl. 26.4.39. Device for controlling tho 
transmission of power to pumps in a centralized pumping system .

M. F. Aloi. U .S.P. 2,202,887, 4.6.40. Appl. 26.6.39. W ell-casing perforator using 
explosives and projectiles.

F. E . Steele. U .S.P. 2,202,970, 4.6.40. Appl. 14.3.38. Oil-well pump.

F . C. Iin iss. U .S.P. 2,203,265, 4.6.40. Appl. 22.5.37. Perforating gun for oil 
wells.

E . B. H all and A. L. Armentrout. U .S .P . 2,203,595, 4.6.40. Appl. 21.4.36. 
Device for use in wolls, being a formation tester. A . H . N.

Cracking.
1033. Patent on Cracking. M. Pier. U .S.P. 2,203,470, 4.6.40. Appl. 21.7.37. 
Process for cracking hydrocarbon m ixtures boiling above 250° C., which are substan
tially  free from asphalts, sulphur, and nitrogen compounds, and which result from the 
reduction of carbon monoxide. Tho hydrocarbon m ixture is preheated w ith a refining 
agent having an acid reaction and then subjected to  cracking. H . B . M.
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Hydrogenation.
1034. Patents on Hydrogenation. J. Blumenfold. E .P . 520,201, 17.4.40. Appl.
14.10.38. Catalytic hydrogenation of ketones and aldehydes carried out in a sub
stantially anhydrous medium in the presence of an alcoholato which is soluble in tho 
substance to bo hydrogenated, e . g . ,  isopropylato.

H . E . P otts. E .P . 521,391, 21.5.40. Appl. 18.10.38. Process for the destructive  
hydrogenation of liquid distillablo carbonaceous materials containing solid m atter in 
dispersion w ith hydrogen or gases containing free hydrogen under high pressures and at 
a high temperature. A tube preheater is used which is provided w ith  return bends 
which have intornal parts in tho form of a scoop, constructed of, or coated w ith a 
corrosion-resistant material having a  Brinell hardness of more than 400.

H . B. Kipper. U .S.P. 2,199,633, 7.5.40. Appl. 1.7.38. Process^ for chlorin
ation and dehydrogonation of petroloum hydrocarbons to produco unsaturated  
chlorinated hydrocarbons. The hydrocarbons aro treated sim ultaneously with  
chlorino and nitric acid at temperatures below 150° C. H. B . M.

Polymerization.
1035.* Thermal Reforming Plus Polymerization Pulls Octane Ratings Upward. R. P.
Maso and N. C. Turner. N a t .  P e t r o l .  N e w s ,  3.4.40, 32 (14), R . 113-R . 114.—Tho 
disadvantage of tho high gas loss attendant on thermal reforming is minimized by  
combining the process w ith polym erization. In a particular instance given the yield of 
reformed product of 70 octano number was 80%. This yield m ay be increased by 5% 
by polymerization without alteration of the octane number. Alternatively, by working 
to a constant yield, a gain of 2-5 in the octano number m ay bo obtained. H . G.

1036. Polymerization of Ethylene by Alkyl Radicals. J. C. .lungers and L. M. 
Yedandapalli. T r a n s .  F a r a d a y  S o c . ,  1940. 36, 483-493.—The polymerization of 
ethylene by alkyl radicals has been examined. Tho y'ield for any one radical increases 
with increasing ethyleno pressure, decreasing (alkyd) iodide pressure, and light intensity. 
For tho radicals taken together it  decreases down tho series m ethyl, ethyl, n-, and iso- 
propyl. The polymer is formed by bimolecular additions of ethyleno molecules to 
radicals. The differences in tho photodocomposition rates of the alkyl iodides and 
thoir polymerization yield differences are explained in terms of steric factor. The 
structural differences between n -  and iso-propyl iodides aro clearly revealed both in 
their photodocomposition rates and polymerization yields. Two mechanisms account 
for tho disappearance of radicals in this polymerization— i.e., saturation through 
capture of a hydrogen atom  and bimolecular recombination of radicals. D . F . R .

1037. Patents on Polymerization. E .I. Du Pont do Nemours. E .P . 520,255, 18.4.40. 
Appl. 17.10.38. Separation of volatile constituents from a liquid composition contain
ing heat-polymerizable unsaturated organic compound by bringing an inert gas into 
contact w ith the liquid composition and entraining the volatile constituents w ith the 
gas.

Standard Oil Developm ent Corp. E .P . 521,023, 9.5.40. Appl. 10.11.38. Process 
for tho production of polymers of halogenated iso-olefins. A halogenated iso-olefin is 
treated in the liquid state  w ith a non-volatile mineral acid of between 50% and 100% 
strength at a temperature between 40° and 100° C. Thereafter the polymers so formed 
aro separated from tho reaction mixture.

F. T. Ham blin. E .P . 521,489, 23.5.40. Appl. 19.8.38. Preparation of a polymeriz
able composition comprising m ethyl m ethacrylate in admixture w ith a polymerization 
inhibitor, which in the presence of m othyl m ethacrylate a t 100° C. or above is volatile, 
in such proportion that it  has substantially' inhibitory properties a t temperatures up 
to 40° C., but has substantially no inhibitory properties at temperatures of 100° C. or 
above.

J. A . Francoway. U .S.P. 2,201,767, 21.5.40. Appl. 2.7.36. Production of polymers 
of high molecular weight and soluble in lubricating oils by subjecting substantially
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saturated oxygen-containing material to a high tension electric discharge for a  period 
sufficient to effect substantial polymerization. H . B . M.

Refining and Refinery Plant.
1038.* Refineries Operating in United States, Canada, and Mexico. Anon. O i l  G a s  J . ,
28.3.40, 38 (46), 157.— A list is given of tho refineries in tho U nited States, Canada, and 
Moxico, w ith details of personnel, crudo oil capacity, cracking capacity, typo of 
refinory, and typo of cracking plant. C. L. G.

1039.* 100 Refineries Now Converting Mercaptans with Copper Salts. M. G. Van
Voorhis. N a t .  P e t r o l .  N e w s ,  17.4.40, 32 (16), 11. 122—R . 129.— 'JVo copper-sweetening 
processes are in use— viz., tho dry or solid process, and the liquid process. In  tho former 
the gasoline to bo treated is passed through a bed of Fuller’s earth impregnated w ith  
cuprous chloride. In  order to provide for the continuous regeneration of tho reagent, 
filtered air, in amount dependent on the mercaptan content, is dissolved in the gasoline 
by bubbling air through tho chargo in a sm all m ixing chamber. Small, controlled  
amounts of water aro also incorporated by adm itting steam  at intervals. In  tho liquid 
process gasoline is agitated w ith 40% volum e of a solution containing 14% w t. 
C uS04,5H 20  and 13% w t. NaCl. Agitation is accomplished in  a centrifugal pump 
constructed from corrosion-resistant m etal, and sottling takes placo in a glass-lined 
tank. Regeneration of tho reagent is carried out by aeration in a wooden tank. 
Residual copper salts in the treated gasoline, if present, aro removed by washing w ith  
alkaline sodium sulphido. H . G.

1040.* Caustic Wash takes most of the Load OS Doctor Sweetening Process. Anon. 
N a t .  P e t r o l .  N e w s ,  3.4.40, 32 (14), R . 115-R . 116.— In the exam ple given, gasoline is 
treated w ith 20% volumo of 10% NaOH solution in a two-stage continuous wash 
system  installed before tho conventional “ doctor ” sweetening process. B y  this 
means 60-65%  of tho mercaptans aro removed. The resulting product is claimed to 
possess a higher susceptibility to tetraethyl lead, representing a saving of 0 1 0 -  
0 1 5  c.c. per gallon. H . G.

1041.* Preventing Condenser Scale. F. J. Mathews. P e t r o l .  T i m e s ,  23.3.40, 43 (1106),
264-265.— Sodium metaphosphato added to condenser feed-wator lias tho effect of 
increasing the temperature and/or concentration at which calcium carbonate is 
procipitatod. Exam ples aro given in which tho addition of the reagent in  amount 
equivalent to 2 p.p.m . has postponed descaling indefinitely. Dosage depends on local 
conditions and whether the feed system  is open or closed. In  closed system s periodic 
replenishment is necessary owing to the slow conversion of tho m etaphosphate into 
tho orthophosphate. H . G.

1042. Patents on Refining and Refinery Products. J. Bibby and Sons. E .P . 520,233, 
18.4.40j Appl. 11.10.38. Process for tho removal of impurities from oil or other 
liquid by tho addition of a solid absorbent and subsequent removal of suspended 
m atter by a  process of electrostatic precipitation.

S. F. Warren. E .P . 521,417, 21.5.40. Appl. 18.11.38. Improvements relating
to solvent-extraction processes. A number of solvents aro used having different 
boiling points, and aro brought into heat-excliange in such a way that tho vapours 
of each solvent of a higher boiling point give up their latent heat of condensation 
wholly or partly to the solution in tho solvent w ith  the next boiling point. Tho lower- 
boiling point liquid is thus caused to  evaporate without any more energy being used 
than is necessary to  evaporate tho solvent w ith tho highest boiling point.

C. M. Loano and B . H . Shoemaker. U .S .P . 2,199,108, 30.4.40. Appl. 13.12.37. 
Preparation of a  potroloum product of tho class of oils and waxos highly resistant to  
oxidation containing a technical white oil obtained from a high-sulpliur crudo oil, in  
sm all but sufficient quantities to render tho petroleum  product resistant to oxidation.

B . Clayton. U .S .P . 2,199,401, 30.4.40. Appl. 1.8.39. Refining animal and 
vegetable oils containing free fa tty  acids and colouring m atter. An alkaline refining
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agent is m ixed w ith tho oils at a temperature sufficiently high to provont tho formation 
of a stable emulsion. H . B . M.

E. R . P. E . Retaillau. U .S .P . 2,200,703, 14.5.40. Appl. 18.5.38. Refining of 
hydrocarbon oils by tho injection into heated hydrocarbon vapours of an aqueous 
solution having a concentration of 0 -2 - 2 0 % of a rcagont consisting of sulphuric acid. 
0 -0 2 - 1  lb. of roagent is used per barrel of oil.

E . R . P . E . Retaillau. U .S .P . 2,200,704, 14.5.40. Appl. 18.5.38. Refining of 
hydrocarbon oils by tho injection into heated hydrocarbon vapours of an amount of a 
dilute roagent solution having a concentration of 0-5-20%  in a solvent which is 
chem ically inert and which consists predominantly of organic sulphonic acid. 0-05-1 
lb. of reagent is used per barrel of oil.

H . J . W illmann. U .S.P. 2,203,373, 4.6.40. Appl. 24.12.38. Method of deodorizing 
non-drying animal and vegotablo oils, fats and waxos by subjecting them  to tho 
action of X-rays.

Fire Prevention.
1043.* Causes, Prevention, and Control of Fires on Light Liquid Hydrocarbons. H . A.
Hoiss. O i l  G a s  J . ,  28.3.40, 38 (46), 135.-—Tho recent increase in tho recovery of light 
potroleum fractions for uso in, e . g . ,  polymerization and alkylation processes has led  
to tho paying of greater attention to the fire hazards involved in the storago and 
handling of such products. A  major oil company lias developed a programmo of 
study in tho reduction of those hazards by tho education of em ployees on the fund
am ental properties of light petroleum products and tho nature of thoir firo hazards, 
and by oxperimonts on methods of extinguishing and improvements to equipment to  
elim inate fire hazards.

A discussion of this programmo is presented, demonstrations used in the lectures 
being described. The second part deals w ith  tho types of fires possible, their probablo 
location, and tho m ost effective means of extinguishing. Fires aro possible in process 
oquipment lines and pumps or storago tanks, the last-named being the m ost likely. 
Experim ents were carried out in a 3 ft. diam. 7 ft. high tank, containing absorption  
naphthas, and using as oxtinguishers firo foam, carbon dioxide, and steam . I t  was 
found that open tank fires of absorption naphthas of vapour pressure higher than  
35-40 lb. could only be extinguished w ith fire foam w ith difficulty, and required more 
than tho rate of 0 - 1  cu. ft. per sq. ft. per minute, which was found effective for naphthas 
of lower vapour prossuro. Steam  alono was not found effective even for stocks of 
30'4 lb. vapour prossuro, while carbon dioxide alono was effective on stocks of 43-8 lb. 
vapour prossuro, but required excessively large quantities. Vent fires could not 
effectively bo extinguished w ith firo foam or C 02, while the application of C 0 2 over a 
layor of foam was effective, but required impracticably large quantities of C 02. Tho 
application of steam  (or possibly C 02) to the baso of tho flame appears to bo the m ost 
satisfactory m ethod. AVater in the form of fog directed in a horizontal direction across 
tho opening of the vents from a point 3-6 ft. upwind from tho flame was also success
ful. I t  is recommended that a non-oxplosivo atmosphere should bo maintained in the  
vapour spaco of the tank to elim inate tho risk of roof removal by explosion, and 
prevent open tank fires. Pressure relief equipment, grounding the tanks as protection  
against lightning, and location in an isolated area would also minimize tho possibility 
of rupturo from causes othor than internal pressure. C. L . G.

Chemistry and Physics.
1044. Hydrogen Fluoride as a Condensing Agent. X. Rearrangements. J. H .
Simons, S. Archer, and D . I. Randall. J .  A r n e r .  c h e m .  S o c . ,  1940, 62, 485-486.—  
The authors report exchange reactions in which hydrogen fluoride was used as tho 
catalyst instead of other more commonly used agents. Those rearrangements were 
ferf.-butylbenzeno w ith phenol at 0 ° C. to give, benzene and ferf.-butylphcnol, the  
latter in  10% yields ; benzophenone oxim e to benzanilide in tho Beckmann rearrange-
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ment (72% y ie ld ); phenyl acetato to p-hydroxyacotophenone in poor yields at 100° C. 
(Fries rearrangem ent); p-cresylbonzenesulphonate to 2-hydroxy-4-m ethyldiphenyl 
sulphono in yields of 10%— this also at 100° C. R . D . S.

1045. New Route to 9-Alkyl- and 9-Aryl-anthracenes. C. K . Bradslier. ./. A m c r .  c h e m .  
S o c . ,  1940, 62, 486-488.— This consists of cyclization of o-bcnzyl phenyl ketones by  
refluxing in a m ixture of hydrobromic and acetic acids, a  reaction seem ingly charac
teristic of the j3-(/5-styryl) vinyl alcohol structure. R . D. S.

1046. Dehydration oi Some Tertiary Alcohols Containing the cycZoHexane Ring. W. A.
Mosher. J .  A t n e r .  c h e m .  S o c . ,  1940, 62, 552-554.— 1-MothyIcycZohexanol, 1-ethyl- 
cycZohoxanol, 1-isopropylcycZohexonal, and dimetliylcycZohexylearbinol were prepared 
and dehydrated w ith iodine and tho resulting olefins ozonized. From tho analysis of 
tho products of ozonolysis the ratios of tho isomers in tho dehydration products wero 
determined. Dehydration will apparently take placo in such a manner that tho 
double bond occurs principally in the ring when this is possible— that is to say, tho 
hydrogen atom s attached to tho ring aro loss firmly botmd than those of a more aliphatic  
naturo. A proton is lost more readily from the cycZohoxano ring than from a m ethyl, 
ethyl, or isopropyl group. R . D . S.

1047. Synthesis of 6-Hydroxy-3 : 4-Benzpyrene and 8 -i.soPropyl-l: 2-Benzanthracene 
from 9 : 10-Dihydrophenanthrene. L. F. Fieser and W . S. Johnson. J .  A m e r .  c h e m .  

S o c . ,  1940, 62, 575-577.— 6-Hydroxy-3 : 4-benzpyrone was formed by cyclization of 
4-chryseneacetic acid which was prepared by the Roformatsky conversion, followed 
by dehydrogenation, of 4-keto-l : 2 : 3 : 4-totrahydrochryseno; the preparation of 
this latter from 9 : 10-dihydrophenanthrene has already been described. Tho 
synthesis of 8 -propyl- 1 : 2 -benzanthracene involved dehydrogenation of a hydrocarbon 
mixture prepared from 8-keto-3 : 4 : 5 : 6  : 7 : 8 -hcxahydro-l : 2 benzanthracene, 
another compound obtained from 9 : 10-dihydrophenanthrene. R . D . S.

Motor Fuels.
1048.* Autoxidation and Gum-Forming Tendencies of Certain Hydrocarbons. B.
Berger and R . W . Bost. O i l  G a s  J . ,  28.3.40, 38 (46), 81.—The mechanism of gum  
formation in gasoline is being studied by examining tho relationship between tho 
structure of pure hydrocarbons and their tendency to form oxygenated derivatives 
and gums. Eight pure hydrocarbons have been selected, four of tho unsaturated  
cyclic sories— viz., pinene, limonene, cycZohexeno and tetralin ; three of the unsaturated 
acyclic series, viz., diallyl, 2 -m ethyl-butene 2 , and diisobutylene, and finally iso 
octane ; 24 samples of each were placed in ampoules containing 20 e.c. of the hydro
carbons, and, in addition, ( a )  0 - 2  gm . benzoyl peroxide, (6 ) 0 - 2  e.c. butyraldéhyde, and 
(c) 0-2 c.c. acetic acid. These, together with blanks, wore exposed on tho roof of a 
building for 3 months, samples being examined every fortnight for peroxide, acid, and 
gum content.

The pure hydrocarbons showed tho greatest tendency to form peroxides, the acids 
(formed from tho addition of benzoyl peroxide, butvraldehyde, and acetic acid) 
tending to favour tho decomposition of peroxides in the sunlight. Peroxide formation 
is also restricted by the available oxygen being used in tho oxidation of, e .g . .  butyr
aldéhyde. Pinene and limonene showed two peaks in the peroxide-t imo diagrams, 
indicating tho formation of two types of peroxide, whilst cycZohexene, being simpler 
in structure, showed only one peak. No free aldehydes were found as a result of 
autoxidation, suggesting their im m ediate oxidation to acids. The pure hydrocarbons 
showed little  tendency to  acid formation, but tho addition of benzoyl peroxide to tho 
unsaturated hydrocarbons led to tho foim ation of benzoic acid. Low acid ity was 
found in the case of the hydrocarbons (except 2 -methyl-buteno 2 ), to which butyr
aldéhyde was added. Acid removal is attributed to (1) decomposition in tho sunlight, 
under the influence of peroxides, (2 ) addition to tho double bonds of unsaturnted 
hydrocarbons, and (3) combination with hydroxyl groups formed in the experiments. 
Tho hydrocarbons can be placed in'the following order of gum  foim ation : limonene, 
tretalin, pinene, diallyl, cycZohexene, difsobutylene, 2-m ethylbutene 2, and iso-octane.
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Most of tho hydrocarbons reached a maximum gum formation after 4 weeks, the gum  
content falling on further oxposure, possibly owing to  its destruction by sunlight. 
Benzoyl peroxide increased gum formation in every case, w ith tho exception of 
totralin, available oxygen being apparently utilized in acid formation in this case. 
Butyraldehydo and acetic acid affected the quantity of gum formed, dopending on the 
structure, reducing gum in tho caso of pinene, but increasing it in the caso of diallyl. 
A n investigation of the gums obtained by evaporating a solution in acetone and 
drying in air for a long time indicated that tho gums formed from cyclic hydrocarbons 
contained two oxygen atom s per hydrocarbon unit, there being at least three units in 
a gum. Further work on tho structure of tho gums is in hand. C. L. G.

1049. Patents on Motor Fuels. A. L. Mond. E .P . 520,115, 15.4.40. Appl. 27.10.38. 
Process for tho catalytic conversion of unsafuratcd hydrocarbon material, and 
particularly for the saturation of mono-olefinic hydrocarbons boiling within the rango 
of gasoline, e .g . ,  octones.

Texaco Developm ent Corporation. E .P . 520,159, 16.4.40. Appl. 13.10.38. Treat
m ent or production of gasoline hydrocarbons by adjusting the ratio of isoparaffins 
to olefins in a hydrocarbon of gasoline boiling range or below to at least 1 : 1 w ithout 
tho addition of oxtraneous hydrocarbons. Thereafter tho m ixture is subjected to the 
action of an alkylation catalyst and the isoparaffins thus alkylated w ith the olefins.

Los Usines de Molle. E .P . 520,257, 18.4.40. Appl. 28.10.38. Preparation of a 
hydrocarbon anti-knocking fuel for spark ignition engines by m ixing w ith a hydro
carbon fuel at least 1 0 % by volume of an aliphatic organic ester.

Standard Oil Developm ent Corporation. E .P. 520,229, 18.4.40. Appl. 13.9.38. 
Production of gosolino by cracking higher-boiling hydrocarbon oil in tho presence 
of a  solid adsorptive catalyst.

Standard Oil Developm ent Corporation. E .P . 520,564, 26.4.40. Appl. 1.12.38. 
Improved motor fuel composed of fsopentane, isopropyl ether, and a branched-ehain 
saturated paraffin containing at least 8  carbon atom s in tho molecule.

W. E . Lyons and W . S. Cuthmann. U .S.P. 2,197,477, 16.4.40. Appl. 6.12.37. 
Inhibition of gum formation in a liquid hydrocarbon of the gasoline typo is achieved  
by incorporating w ith the liquid hydrocarbon a small proportion of a /J-dikotone. 
Tho amount addod is sufficient to inhibit gum formation, but insufficient m aterially 
to lower the spontaneous ignition temperaturo of the hydrocarbon.

M. A . Dietrich. U .S.P. 2,197,851, 23.4.40. Appl. 12.8.38. Preparation of a motor 
fuel consisting substantially of hydrocarbons, but having incorporated therein a small 
proportion of an IV-substituted organic sulphonamido which has a boiling point of at 
loast 300° C., a m elting point below  75° C., and a high solvent power for kawri gum.

T. AV. Bartram. U .S.P. 2,199,021, 30.4.40. Appl. 12.2.36. Preparation of a 
mineral-oil composition containing a mineral oil hydrocarbon of the type tending to  
form gum during storago and a sm all amount of a reaction product, formed by  
condensing substantially two molecular proportions of an aromatic compound, having 
a hydroxyl radical substituted on the nucleus thereof, w ith substantially one molecular 
proportion of a ketone.

P. Subkow. U .S.P. 2,201,306, 21.5.40. Appl. 12.8.35. Production of cracked and 
polymer gasoline by tho adm ixture of a normally liquid hydrocarbon fraction w ith an 
alkyl halide and heating tho m ixture to a cracking temperature. Thereafter tho 
m ixture is commingled w ith a normally gaseous hydrocarbon, passed into a reaction 
chamber, and subm itted to polymerization.

F. R . Bean. U .S .P . 2,201,553, 21.5.40. Appl. 3.4.37. Prevention of deterioration 
of motor fuel by the incorporation of A'-furfurylaminophenol.

J. T. Crook. U .S.P. 2,201,965, 21.5.40. Appl. 20.12.37. Conversion of liquid 
hydrocarbon fuel into gaseous fuel by passing the former without admixture of air 
through a catalyst chamber in contact w ith nickel ammonium sulphate. H. B. M.
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Gas, Diesel and Fuel Oils.
1050. Patent on Gas, Diesel, and Fuel Oil. Standard Oil Developm ent Corporation. 
E .P . 520,568, 26.4.40. Appl. 1.4.39. Fuel for comprcssion-ignition engines of tho diesel 
type composed of a hydrocarbon fuel and a  sm all am ount of an organic compound, 
containing an oxy-nitrogen sulphur group, attached to  the carbon. The ignition
properties of the fuel are thereby improved. H . B. M.

Lubricants and Lubrication.
1051.* 200 Lubricant Additive Patents Issued in 1938-1939. M. G. Van Voorliis. 
N a t .  P e t r o l .  N e w s ,  6.3.40, 32 (10), It. 67.— A survey of tho patent literature relating to 
additives to lubricating oil is presented. Tho reagents mentioned fall into five classes, 
of which extrem e pressure agents represent the biggest. Tho other classes relate to 
stability at high temperature and oxidation resistance, the lowering of pour points, 
improvement of viscosity index, and the inhibition of bearing corrosion. H . G.

1052.* Soap-Thickened Chassis Lubricant is First Additive Application. Anon. N a t .  

P e t r o l .  N c t v s ,  20.3.40, 32 (12) R. 8 8 -R . 89.— Tho article is primarily adescription of a 
recently developed additivo for lubricating oil. Tho dope is claimed to be a highly 
com plex organic baso w ith a wide range of properties. Added in sm all quantity to 
automobile engine oil it is claimed to lower pour point, increase viscosity index, and 
to control acidity, sludge, and lacquer formation. I t  is further stated  that by an 
alteration of tho chemical characteristics of tho dope its properties as an additivo m ay 
bo altered selectively. For instance, its relative effect on pour point and viscosity  
index m ay bo altered independently, and independently of its reaction towards other 
undesirable features in tho treated oil. H . G.

1053. Patents on Lubricants and Lubrication. J. I. W asson. U .S.P. 2,196,374,
9.4.40. Appl. 9.2.38. Improved m ethod of dewaxing a mineral oil b y  m ixing with it 
a polyester of a hydroxy fatty  acid secured by auto-condensation of a  high-molecular- 
woight mono-hydroxy fatty  acid, chilling the oil, and separating tho precipitated wax.

T. S. Hodgins. U .S .P . 2,196,796, 9.4.40. Appl. 17.7.39. Tho drying properties of 
oils containing naturally occurring anti-oxidants aro improved by removing the anti
oxidants by treating a t substantially room tcmperaturo w ith nitric acid. Tho p n  

valuo of the materials being treated is kept only slightly acid by confining tho quantity  
of nitric acid used to 0 025-0-50%  by weight of tho oil being treated. Tho operation 
is continued just until the refractivo index begins to increase.

E . W. Fuller. U .S.P. 2,196,963, 9.4.40. Appl. 1.2.39. A minor proportion of a 
thio-aldehydo is adm ixed with a mineral-oil fraction in sufficient amount to  inhibit 
the deleterious effects of oxidation on tho oil.

D . R . Merrill. U .S.P. 2,197,153, 16.4.40. Appl. 23.2.37. Preparation of a normally 
fluid mineral oil lubricant comprising an oil-soluble organic baso soap of an unsaturatod 
fatty  acid of a t least ten carbon atom s condensed w ith  an aryl compound.

W . A . Lutz. U .S.P. 2,197,433, 16.4.40. Appl. 3.2.39. Preparation of a stable  
oxygen-resistant, non-bleeding lubricating greaso having a  low absorbability in 
rubber by m ixing 15-20%  calcium stearate w ith 85-75%  of a paraffinic petroleum oil 
of viscosity exceeding 500 Saybolt at 100° F. Tho oil m ust bo substantially free of 
poly-naphthenic constituents.

A . W . R alston and E . J . Hoffmann. U .S .P . 2,197,712, 16.4.40. Appl. 14.10.38. 
Preparation of a mineral-oil composition containing as a pour-point depressor, an 
acylated indene, the acyl group having at least twelve carbon atoms.

M. Pier and F . Christmann. U .S.P. 2,197,769, 23.4.40. Appl. 2.12.37. Preparation 
of a lubricant containing a mineral lubricating oil and a condensation product of 
paraffin wax, having a molecular weight above 350. Tho product has a viscosity of at 
least 3° (Engler) a t 99° C-, is solublo in hydrocarbon lubricating oils, and is effective 
in depressing the pour point of w axy lubricating oils. I t  is obtained by subjecting the 
w ax to the action of a silent electric discharge in order to increase its viscosity.
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D. E . Badertscher, H . G. Berger, and F . M. Soger. U .S.P. 2,197,781, 23.4.40. 
Appl. 3.12.37. Preparation of an extrem e pressure lubricant by adm ixing with a  
hydrocarbon lubricating oil a small proportion of the product obtained by the reaction 
of perchloromethylmercaptan w ith  an unsaturated organic material.

O .M . Reiff and E .W . Johnson. U .S.P. 2,197,836, 23.4.40. Appl. 8.10.38. Mineral- 
oil composition comprising a viscous mineral-oil fraction and sufficient of an oil- 
miseible m etal salt of a  koto acid to inhibit oxidation of tho oil.

S. Mushor. U .S.P. 2,198,210, 23.4.40. Appl. 3.1.39. An oil normally subject to 
oxidative deterioration selected from tho group consisting of the hydrocarbon oils, 
glyceride oils, and essential oils can bo effectively stabilized against deterioration. A 
stabilizing agent is usod, consisting of a sm all proportion of sugar selected from the  
group consisting of crude cane and crude beet sugar.

0 .  M. Reiff, F . P . Otto, and J. J . Giammaria. U .S .P . 2,198,275, 23.4.40. Appl.
18.10.39. An improved mineral-oil composition is obtained by admixing with a viscous 
mineral-oil fract ion a sm all proportion of a m etal sa lt of an alkyl-substituted aromatic- 
aliphatic carboxylic acid in which tho alkyl substituent is attached to tho aromatic 
nucleus and is derived from an aliphatic hydrocarbon having at least 2 0  carbon atom s.

G. A. Hope. U .S.P. 2,198,307, 23.4.40. Appl. 30.11.37. Preparation of a lubricating 
com position comprising a hydrocarbon lubricant oil and in admixture therewith a small 
amount of a salt of a  polyvalent metal.

A. Poliak and R . H astings. U .S.P. 2,198,562, 23.4.40. Appl. 27.4.39. Manufacture 
of sulphurized cutting oils by heating tall oil w ith agitation with up to 30% by weight 
of sulphur in the temperature rango 300-400° F . Tho solution of the sulphur is 
controlled to give a minimum of sludging by terminating tho heating w ithin 2 - 4  hr.

F . X . Covers. U .S.P. 2,198,575, 23.4.40. Appl. 27.2.36. Manufacture of high 
viscosity index lubricating oil having a low pour test from wax-bearing mineral oil.

P . .J . W iezevich, J. C. Zimmer, and A. J. Morway. U .S.P. 2,198,851, 30.4,40. 
Appl. 6.11.36. Preparation of an improved normally liquid lubricating oil consisting 
of a  mineral oil, an ahuniniuin soap, and a  sm all percentage of a high-boiling ester 
selected from the class consisting of esters of polyhydroxyl alcohols w ith monobasic 
acids.

R . Rosen. U .S.P. 2,199,187, 30.4.40. Appl. 24.7.38. Composition of m atter 
comprising a w axy mineral lubricating oil and a sm all amount of an ester formed 
from a long-chain aliphatic alcohol and a cyclic carboxylic acid. H . B. M.

C. C. Towne. U .S.P. 2,199,352, 30.4.40. Appl. 23.3.38. Improved lubricating oil 
is prepared by dopolymorizing a  dispersion of rubber in an aromatic solvent w ith a 
depolymerizing agent. Tho dopolymerizod rubber is reacted in the presence of one of 
a  group of compounds, consisting of halides and halogen acids of tin , to produce a 
resinous polymer, which is thereafter precipitated and separated, and finally dissolved 
in a minor proportion in a petroleum lubricating oil.

V. B . Bray. U .S .P . 2,200,534, 14.5.40. Appl. 19.4.38. Preparation of a  low. 
pour-point lubricating oil composed of a lubricating oil having a relatively higher 
pour point blended w ith a sm all quantity of a pour point reducing agent extracted  
from a  cracked pitch by tho use of a  higher-boiling hydrocarbon-oil fraction.

E . Bosing. U .S.P. 2,201,120, 14.5.40. Appl. 17.8.3S. Process for producing 
lubricating oil of high quality from a wax-freo hydrocarbon m ixture containing same, 
together with low-quality oil constituents.

D . E . Badertscher, H . G. Berger, and F. M. Seger. U .S.P. 2,202,641, 28.5.40, 
Appl. 23.11.37. Production of an oxtreme-pressuro lubricant consisting of a  hydro
carbon oil and a  minor proportion of the oil-misciblo product obtained by the reaction 
of a halogenated aliphatic hydrocarbon and an alkali tliiocyanato in such proportions 
t hat tho product contains both sulphur and chlorine.

OG
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0 .  L. Brandes. U .S.P. 2,202,820, 4 .G.40. Appl, 17.1.38. Preparation of a lubricating 
composition for use in internal-combnation engines, e tc ., comprising a major amount 
of a  mineral lubricating oil and not more than 2 % by weight of nickel naphthenate and 
an alkylated monohydric phenol.

T. J. Brown. U .S.P. 2,203,044, 4.6.40. Appl. 11.1.30. Manufacture of a  lubricant 
comprising a mineral lubricating oil and 2 - 1 0 % of para-cymeno to lower the pour 
point of tho oil.

K . P . Powers. U .S .P . 2,203,102, 4.6.40. Appl. IS.1.38. Manufacture of a  lubricant 
comprising a  petroloum lubricating oil, 0-05-0-1% stearic acid and 0-05-0-5% by weight 
of a mild extrem e pressure agent selected from tho class consisting of esters and 
thioesters of phosphorus acids.

T. G. Rochner, E . S. Carmichael. U .S.P. 2,203,507, 4.0.40. Appl. 11.12.37. 
Manufacture of a lubricant containing more than 50% of a heavy mineral-oil fraction, 
about 2 0 % of palm  oil, and about 2 0 % of substantially non-eorrosivo sulphur- 
containing extreme-pressure lubricant bases.

Standard Oil Developm ent Corporation. E .P . 520,792, 3.5.40. Appl. 1.11.38.
. Method for renewing the oxidation and decomposition resisting properties of lubricating 
oil during use. Successive portions of the oil are circulated through a bed of an oxidation  
and decomposition resisting substance which has a  low solubility in oil.

1. M. Colbeth. E .P . 520,970, 8.5.40. Appl. 5.11.38. Production of a lubricant 
consisting of a major proportion of a mineral oil and a  minor proportion of an ester 
of a  non-drying long-chain aliphatic acid obtained from a natural oil and having at 
least eleven carbon atom s and a short-chain primary saturated aliphatic alcohol 
having not more than two hydroxyl groups. The composition is substantially free 
from fa tty  oils and also from emulsifying agents.

Socony-Vacuum Oil Company. E .P . 521,203, 15.5.40. Appl. 10.11.38. Production  
of a lubricating composition having incorporated a  major proportion of a lubricating 
oil and a minor proportion of the phosphorus-amino reaction product obtained from 
phosphorus trichloride and an amine having at least one hydrogen atom  attached 
directly to the nitrogen atom of the amine. H. B. M.

Asphalt and Bitumen.
1054. Patents on Asphalt and Bitumen. R . Lichtenstern. E .P . 520,525, 26.4.40. 
Appl. 26.5.38. Im provem ent of tars or asphalts by treating w ith  m etal chlorides. 
A basic mass is prepared by subjecting any desired bituminous m aterial w ith  the 
action of heat to the action of a concentrated solution of a m etal chloride, and heating  
a bituminous material of the sam e or a different kind after incoiporating with it a sm all 
quantity of the basic m ass.

A. H. Batchelder. U .S.P. 2,200,4S4, 14.5.40. Appl. 5.4.38. Preparation of an 
asphaltic composition by separating asphalt into an oil fraction and an asphaltene 
fraction by the use of a selective solvent. Thereafter a substantially undissolved, 
non-colloidal dispersion of the substantially oil-free asphaltenes is formed. This lias 
a lower viscosity than the original asphalt.

It. E . Burk and C. II. W hitacre. U .S .P . 2,200,914, 14.5.40. Appl. 14.7.38. -Manu
facture of aspluilt. by air-blowing a residuum and introducing a sm all amount of 
chlorine while heating.

E . C. Daigle. U .S.P. 2,203,081, 4.6.40. Appl. 2.7.38. Production of a blended 
asphaltic product by oxidizing a straight-run residuum of a highly naphthenie nature 
to  approximately the desired penetration for tho final product. Thereafter a small 
amount of a straight residuum of a  more asplialtie nature is blended w ith the oxidized 
nsplialt. Oxidation is continued until the final blended asphalt is produced possessing 
the desired properties. H . B. M.
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Special Products.
1055.* Contribution to the Manufacture oi Metallurgical Coke Irom Petroleum Coke.
H. Ilem ller. M o n i t .  P e t r ,  r o u m . ,  1940, 41, 445—146.— Tho author outlines tho 
possibilities of utilizing, in Rumania, coke from cracking processes as a metallurgical 
coke. T. C. G. T.

1056. Patents on Special Products. R . Robinson anil A . Lowe. E .P . 519,894, 9.4.40. 
Appl. 6.10.38. Manufacture of R-(4-hydroxy-3-mothoxyphenyl)-isopropylamino and 
its salts by condensing an aralkyl ether, prcforably the benzyl ether, of 4-hydroxy-3- 
m ethoxybcnzaldehydo w ith an o-halogenopropionic oster.

Rohm  and Haas A.-G. E .P . 520,164, 16.4.40. Appl. 13.10.38. Manufacture of 
esters of unsaturated polymerizable acids by tho reaction of esters derived from these 
acids and from alcohols of relatively lower molecular weight w ith alcohols of relatively  
higher molecular weight, or phenols. Tho lower alcohols aro sot free and the esters 
of tho higher alcohols formed aro removed from the reaction zone during tho reaction.

I.G. Farbenindustrio A.-G. E .P . 520,198, 17.4.40. Appl. 14.10.37. Extraction of 
phenols from aqueous solutions by bringing the solution into intim ate contact w ith  
liquid esters of carboxylic acids, tho boiling point of wliich is sufficiently below that 
of the phenols to allow separation of the esters by distillation.

G. T. Morgan and L. P. W alls. E .P . 520,273, 18.4.40. Appl. 7.10.38. Preparation 
of nitro-derivatives of phenanthridine by cyclizing an acylateil nitro-o-xenylamino or a 
substitution product thereof having a free orthoposition by' means of a 5-valent 
phosphorus compound.

Chemical Works (Sandoz). E .P . 520,396, 23.4.40. Appl. 21.10.37. Manufacture of 
new condensation products by tho treatm ent w ith aldehydes of alky lureas of pyridinium  
compounds.

Gutehoffnungshutto Oborhauscn A.-G. E .P . 520,480, 25.4.40. Appl. 11.10.38. 
Partial oxidation of gaseous or vaporous hydrocarbons in tho presence of sm all 
quantities of nitrogen oxides and solid catalysts in the form of oxides which are 
difficult to reduce, e .g .  oxides of silicon, zinc, magnesium, titanium , cerium, alone or 
in m utual admixture. Tho initial mixtures aro passed through a number of uniformly 
heated tubes or ducts containing, or made of, the catalysts.

H . Frisch. E .P . 520,620, 29.4.40. Appl. 14.11.38. Production of styreno from 
commercial xylene by chlorinating tho xylene, separating the chlorinated constituents 
and treating them  to recover the styrene.

N . V. Orgachcmia. E .P . 520,707, 1.5.40. Appl, 28.10.38. Process for the prepar
ation of di-(p-aminobcnzeno-sulphonyl)-p'-aminobenzenesulphonamide and its acyl 
derivatives.

J . G. Fife. E .P . 521,068, 10.5.40. Appl. 17.11.38. Production of tnono-alkylol 
ketones by reacting di-alkylol ketones w ith ketones, if desired in the presence of 
condensing agents, e .g . ,  substances showing an alkaline reaction.

Phillips Petroleum Company. E .P . 521,092, 10.5.40. Appl. 9.8.38. Process for 
tho separation of a mixture of paraffinic andolefinic hydrocarbons having four or fivo 
carbon atom s in the molecule, into a paraffinic fraction and an olefinic fraction.

II. Dreyfus. E .P . 521,202, 15.5.40. Appl. 10.11.38. Manufacture of fatty acids 
from tlioir salts by bringing carbon dioxide into contact w ith a solution of the salt in 
concentrated aqueous ethyl alcohol maintained at a temperaturo above 70° C.

Standard Oil Developm ent Corporation. E .P . 521,296, 17.5.40. Appl. 12.11.38. 
Construction of an insulated electrical conductor, comprising as an insulating medium  
a low-pour-point synthetic oil consisting of reaction products having a molecular weight 
above about 300 and obtained by further polym erization of lower polymers containing 
8 - 2 0  carbon atom s of normally' gaseous fso-olefmes.



3 4 0  a ABSTRACTS.

Unitod States Rubber Products, Inc. E .P . 521,576, 24.5.40. Appl. 8.12.38. Manu
facture of aliphatic ketono-diarylamino anti-oxidants by reacting diarylamino ill 
liquid form with an aliphatic ketono introduced in vapour form by pressuro into tho 
liquid diarylamino at a tomperature between 100 and 200° C.

C. M. Alexander. U .S .P . 2,200,403, 14.5.40. App). 14.1.31. Production of lower- 
boiling hydrocarbons from higher-boiling hydrocarbons by subjecting vapours from 
the latter and steam  to elevated temperaturo and pressuro in  tho presonco of potassium  
carbonate arid condensing tho vapours.

B. T. Thurman. U .S.P. 2,201,061, 14.5.40. Appl. 8.6.38. Stabilization of glyccrido 
oil products prepared from oils having fatty  acid radicals containing moro than two  
double bonds by the addition of a vegetable phospliatidic material.

A. P . Andorson. U .S .P . 2,201,466, 21.5.40. Appl. 21.1.38. Preparation of natural 
petroleum plastic, translucent in thin layers, substantially freo from asphaltenes, 
substantially solid at atmosphoric temperature, com pletely soluble in 860 A .P .I. 
naphtha, and more than 75% insoluble in an equal volum e of acetone at 77" F . Tho 
product has a lower temperature susceptibility than that of asphaltic resins.

V. Ipatieff and R .E .S eh a a d . U .S.P. 2,202,104, 28.5.40. Appl. 18.4.30. Production 
of diisobutono from a normally gaseous m ixture consisting essentially of four carbon 
atom hydrocarbons and containing •¡sobutcno and normal butenes. Tho m ixture is 
subjected in vapour phase at a temperaturo of about 210° F. and under a pressure 
of lOOlb./sq. in. to the action of a siliceous catalyst containing approximately 30% 
phosphoric acid in order selectively to polymerize the isobutene.

J. C. Moroll. U .S .P . 2,202,115, 28.5.40. Appl. 30.12.37. Production of octanes 
by tho subjection of butanes at a temperaturo of —50 to 20° C. to treatm ent with  
butenes in tho preseneo of hydrochloric acid and zinc.

E . C. K . Montclair and A. T. Fioro. U .S.P. 2,202,387, 28.5.40. Appl. 26.3.38. 
Preparation of an insecticido containing a mineral oil distillate, a poly-alkyl phenol, 
and a third substance selected from the group consisting of rotcnonc, oleorcsins 
containing rotonono, etc. H . B . M.

Detonation and Engines.
1057.* Fuel Injection Gives Safety Fuel Performance Equal to Gasoline. M. G. Van
Voorliis. N a t .  P e t r o l .  N e w s ,  3.4.40, 32 (14), R . 106—R. 108.— The results obtained on 
tho Wright 1820 O (single-cylinder) engine w ith aviation safety fuel w ith a  flash
point os high as 134° F . aro stated  to be encouraging. Fuels aro available which show a 
power output ami minimum specific fuel consumption equal to that of iso-octnno. 
Determ inations of power output, m ean offectivo pressures, and fuol consumption 
carried out on five safety fuels indicated that an increase in tho distillation rango has 
only a negligible effect on performance until tho distillation range exceeds 350- 
500" F. Better performance was obtained when using a multi-oriflee injection nozzlo 
as compared w ith  single-jet nozzles. Tho apparent disadvantages of heavy fuels as 
compared with gasoline are starting difficulties, extrem e crankcase dilution, troubles 
duo to low cylinder temperatures as would prevail in an idling engine during a  long 
glide. A t prosont an engine m ust be started on gasolino or propane. II. G.

1058.* Distillate Fuels for Tractors Holds Own with Gasoline. Anon. N a t .  P e t r o l .  
N e w s ,  3.4.40, 32 (14), R. 110-R . 112.—T ests on 338 tractors over a period of 20 years by 
tho University of Nebraska Tractor Testing Laboratory indicate that there is no 
tendency to uso any particular fuel. On the basis of liorso-power-houra per gallon 
distillate fuels compare favourably w ith gasoline. Since 1020 tho average fuol 
consumption of tractor engines has fallen by 33% . II. G.
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BOOK REVIEW.

A New Dictionary of Chemistry. Edited by Stophon Mial!, LL.D. Pp. 575. Long
mans, Green & Co. 1940. Price 42«.

This very admirable volume can be heartily recommended not only to chem ists, 
but also, as tho Editor points out, to “ doctors, druggists, physiologists, chemical 
manufacturers, works managers, chemical engineers, patent agents, lawyors, 
journalists and many others.” And this is no idle saying.

In the very lim ited space of 575 pages tho contributors have packed an astonishing  
wealth of material, accurate and conciso. A  really comprehensive selection of 
typical oxamples of tho numerous groups of organic substance has boon successfully  
achieved, and a careful exam ination has shown that considerable judgm ent m ust 
have been exorcised to ensure that a well-balanced choice has been offocted.

Tho elem ents and their more important compounds aro reviewed from a variety  
of aspects, crystal structures aro demonstrated by X-ray analysis, representative 
mineral species aro discussed, compounds of pharmacological importance aro 
described, attention is given to tho phenomenon of chomical change. Catalysis, 
thermodynamics, surface chem istry, and physics aro not ignored. In point of fact 
tho dictionary is not only filled w ith  useful matter, but it  is em inently readable as 
w ell. Tho appendix giving the physical constants of 1800 organic compounds is a 
welcome addition to tho dictionary.

Special roferonco should bo made to tho biographical entries relating to chemists 
past and present who have made some contributions of importance to  tlioir science. 
This m ust bo tho first occasion on which a “ Chomical Who’s Who ” has been 
published, and a  delicate task  it  m ust have been. B ut it  adds something of human 
interest to tho dictionary when H . E . Armstrong is found reposing between Argon 
and Arniica, or Caro cheek by jowl w ith Carnallito and Caroteno. Perhaps one day 
tho Editor w ill extend and am plify his biographies and mako them  up into a separate 
volume.

Only ono complaint. Your roviowor has failed to find a disquisition on Entropy. 
Ho m ust confess that for m any years this illusive quantity has oludcd him—ho did 
liopo against hope that a definition even in tho Miallinn sense would be forthcoming.

I t  is unnecessary to  say that tho book is handsomely printed, bound and pro
duced—and it  is confidently predicted that it will find a place in ovory laboratory 
and in tho libraries of tho em inent men referred to in tho first sentence.

A. E . D.

BOOKS RECEIVED.

New Zealand Official Yearbook, 1940. 9 ^ X 6 " ,  1041pp . End map. Pubd. Census 
and Statistics Division N.Z. Government, 7«. Get.

This 48th issue of tho statistical Abstract for New Zealand follows the same 
lines as its immediato predecessor. The statistics relate to 1938.

Under “ Potroloum ” it is stated  that, tho total production of crudo for the year 
was 116,585 gallons from three wells at Now Plym outh. Following tho passing of 
the Petroleum A ct, 1937, considerable interest has been displayed by some of tho 
major oil organizations. Fifty-nine prospecting licences linve been granted over 
10,514 square miles throughout the country.

Tho consumption of petrol during 1938 is returned as 96,896,000 gal. Tho total 
duty on motor spirit is now 1«. 2ci. Tho proceeds from 6 (/. per gallon of this tax are 
earmarked for road purposes, and the balance is levied for general revenue purposes.

Imports of motor spirit, valued at £1,891,339 in 1938, m ainly come from Dutch  
E ast Indies and U.S.A .
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B.S.S. No. 894—1940. The Determination of the Flow and Drop Points of Fats and 
Allied Substances. Pp. 11. British Standards Institution, 28 Victoria Street, 
S.W .l. Prico '2 ,i.

The apparatus employod for tlio determination of the flow and drop points of 
fats and allied substances is of tho Ubbelohdo typo. I t  is more closely specified 
than tho existing I.P . standard (Method L.G. 11) chiefly as regards tho dimensions 
of tho glass cup. In  tho B.S. Specification the internal diameter of tho cup is 
specified as well as tho outsido diameter. A furthor difference between tho two kinds 
of apparatus is to bo found in tho length of tho thermomoter bulb, which has been 
increased in tho B.S. Specification.

B.S. Glossary of Highway Engineering Terms. Pp. 77. April, 1940. British Standards 
Institution, 28 Victoria Street, S .W .l. Price 5*.

The History of Alberta Oil. B y  F. K . Beach and J. L. Irwin. Pp. 62, plus map. Issued 
by tho Department of Lands and Minos. Published by the Publicity and Travel 
Bureau, Edmonton, Alberta.
This pam phlet gives a  gonoral roview of tho history and developm ent of the oil 

industry in Alberta. I t  is concluded that for tho successful maintenance and 
advancement of Alberta’s oil industry cortain factors are necessary. Ono is tho 
continued conservation of tho oil and gas resources of the province by means of 
orderly developm ent, and another is tho maintenance of a prico structure that will 
bo adequate to assure continued production of oil. Alberta produced a record year 
in 1939 w ith her total oil production of 7,594,411 brl.

International Union of Chemistry, 28 ruo St. Dominiquo, Paris. 
1 . International Table of Atomic W eights, 1940 (1 0 th Report of Committee on

Atomic W eights).
2. International Table of Stable Isotopes, 1940 (5th Report of Committee on Atom s).
3. Rules for the Nomenclature of Inorganic Compounds.

Tho tex t of the first two Reports is in English, French and G erm an; tho tex t of 
tho third Report is in  English.

Tho Committee on Atom ic W eights (Chairman : Prof. G. P . Baxter, Harvard) 
records work carried out during 1938-39, and tabulates internationally recognized 
atom ic weights and atom ic numbers of 8 6  elem ents.

Tho Committoo on Stable Isotopes (Chairman : Dr. F . W. Aston, C'ambridgo) 
records tho Atomic Numbers (Z), the Mass Numbors (A) and Rolativo Abundances 
of the stablo isotopes of 83 elem ents. One sm all discrepancy was noted. Tho tablo 
of Atom ic W eights em ploys the sym bol “ Cb ” and the table of Stable Isotopes the 
symbol “ N b ” for tho olement columbium (niobium).

The third Report (“ Nomenclature of inorganic compounds ” ) is “ an attem pt to 
produco a uniform, rational nomenclature, especially for scientific purposes.” 
Some of tho recommendations will doubtless arouse controversy ( e . g . ,  tho sub
stitution  of “ halogonidos ” for “ halides,” and tho discouragement of tho suffixes 
“ -ous ” and “ -ic ” as valency indications). Tho impression obtained is that it is 
fortunate that the“ sym bolic notation of chem istry is independent of language or 
personal predilection.
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TELEGRAPHIC ADDRESS.
Telegrams and cables for the Institute should be addressed : 

“ I n s t p e t e c h  B ir m in g h a m . ”

CANDIDATES FOR ADMISSION.
The following have applied for admission to the Institute or 

transfer to another grade of membership, and in accordance w i t h  

the By-laws the proposals will not be considered until the lapse of 
at least one month subsequent to the issue of this Journal, during 
which any Fellow, Member, or Associate Member may communicate 
by letter to the Secretary, for the confidential information of the 
Council, any particulars he may possess respecting the qualifications 
or suitability of any candidate.

The object of this information is to assist the Council in grading 
candidates according to the class of membership.

The names of the candidate’s proposer and seconder are given in 
parentheses.
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Steels specially suitable 
for the O il Industry
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for Sprocket Wheels, Pulleys,

TRADEMARK e Ĉ<

- . f E R A ^ — N O N - C O R R O D I N G  
S T E E L  for Thermowells

C .R .
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A  N E W  A . S . T . M .  P U B L I C A T I O N  =

EVALUATION OF 
PETROLEUM PRODUCTS

A  R e s u m e  o f  P r e s e n t  I n f o r m a t i o n

The primary purpose of this new publication of the American 
Society for Testing Materials is to stress important problems 
on which research and testing work should be developed 
to result in standardized testing procedure and specifica
tion requirements.
Comprising six authoritative papers by outstanding tech
nologists, the book covers the subjects of Gasoline, Diesel 
Fuels, Fuel Oils, Lubricating Oils, Lubricating Greases, and 
Fuel and Lubricating Oils for Spark-lgnition Aircraft Engines.

T H E  I N S T I T U T E  O F  P E T R O L E U M
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(post frse)
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PAINTS PETROLEUM 

INDUSTRY
“  D A N B O L I N E  S I L V E R E T T E  ”  The super alum inium  p a in t fo r

a ll  refinery purposes. O nly actual 
experience can prove its am azing  
durability.

“ T A N C T E C T O L ”  The only protective p a in t fo r  the
IN T E R IO R  o f  petroleum  storage 
ta n k s. W ith s ta n d s  p e rm a n e n t  
immersion in a l l  petroleum  fra c 
tions, benzole a n d  sa lt or fresh  
w a ter . U se d  b y  th e  B r it is h  
A dm iralty , R oya l A ir  Force, and  
leading O il Companies.

W rite for free booklet “ PAINT IN THE OIL INDUSTRY.”

INTERNATIONAL PAINT & COMPOSITIONS Co., Ltd.
U .S . Enq u irie s : G R O S V E N O R  G A R D E N S  H O U S E  Main Factory
2 t w e s t  S T .. G R O S V E N O R  G A R D E N S  f e l l i n g -o n -t y n e

N EW  Y O R K . L O N D O N ,  S .W . I EN G LA N D

Wcrld-Wide Licensees, W .  C H R I S T I E  & G R E Y  L T I I .  
F O U R  L L O Y D S  A V E N U E ,  L O N D O N ,  E . C . 5 .

 ....  •uni«.... .

CONTINUOUS WASHING
Holley Mott Plants are effi

ciently and continuously 

washing millions of gallons 

of Petroleum products daily. 

Designed for any capacity. 

May we submit schemes to 

suit your needs ?

H O L L E Y  ( H \ M )  M O T T  

o n t i n u n u s  C o n n t e r - C  u r r e n t  P l a n t

K in d ly  mention this J o u rn a l when com m unicating w ith  Advertisers.



*  T h e  F i n e s t  CONDENSING AND 
FRACTIONATING PLANT . . .

. . . w i l l  b e  f o u n d  t o

b e a r  t h i s  m a r k  —

W. J. FRASER & CO., LTD.
DAGEN H AM  • ESSEX

T.A.S./FZ. 236
K in d ly  m e n t io n  t h i s  J o u r n a l  w h e n  c o m m u n ic a t in g  w i t h  A d v e r t i s e r s .  

iv

The upper illustration shows a Multi- 
tubular Dephlegmating Condenser. 
The tubes and lube plates are of 
bronze. On the left is a Ring Packed 
Fractionating Column specially de
signed for high vacuum duty.

With our wide experience in the 
design and manufacture of Petroleum 
Refining Equipment, we can place 
the most up-to-date and economical 
plant at our clients' disposal.

Why not send for 
further details ?



N A T I O N A L  O W E C C
/

N A T IO N A L n fif f  u ,-o c  
D R ILL IN G  t i U l i j J i l i »
The heaviest rotary rig ever constructed, and now being used by 
the Superior Oil Co. at Rio Bravo, California, is operated by an 
exceptional boiler installation.

These are National Broderick Boilers, superheated, of 130 h.p. each
and for a steam working  
pressure of 500 lbs. per sq. 
in. Each boiler is equipped 
with Venturi blowers in 
the long stacks, fired by 
gas burners and provided 
with feed water regulators. 
Additional equipment in 
the battery Includes water  
screen scrubber, special 
pump governor, regulator 
for reducing steam pres
sure from 500 lbs. to 350 
lbs. when desired, etc.

Battery of five high pressure super
heated Broderick boilers with two 
10" x  6J" X 10“ Ideal Feedwater 
Pumps having S00 lb. W.P. steam end 
and 1,500 lbs. W.P. fluid end.

K in d ly  mention th is J o u rn a l when comm unicating w ith  Advertisers.



Lachman Vapour Phase 
Treating Process

LACHMAN TREATED spirit does not
requ ire  any  inhibitor.

LACHMAN TREATING a singie
operation  conserves an ti-knock  q u a l i ty ; reduces 
gum co n ten t to th e  vanishing p o in t; reduces sludge 
and  polym erization losses to  th e  m inim um  and 
reduces su lphur.

T h e  p rac tica l ad v an tag es  also of a  m e thod  w h ich  
is fool-proof in  th e  sense th a t it cannot b e  over
done m ust appea l to  all refiners.

A. F. CRAIG &  CO., LTD.
P AI S LE Y

Representing:

V A P O U R  T R E A T IN G  TH E WINKLER-KOCH
P R O C E S S E S  IN C ., ENGINEERING CO.,

555, South Flower Street, 335, West Lewis Street,
Los Angeles CALIFORNIA Wichita KANSAS

K in d ly  mention th is J o u rn a l when comm unicating w ith  Advertisers.
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H  S  S  g  ®  IE

HEAT TRANSFER EQUIPM ENT

D esig n ed  specifically fo r  th e  H e a tin g , C o o lin g  a n d  C o n 
d en sin g  o f W a te r , L iq u o rs , O il, V a p o u r, S team  a n d  G ases: 
m ad e  p rin c ip a lly  in  th e  S hell a n d  T u b e , W o lf , D o u b le  
T u b e  a n d  R ack  T ypes.

T h e  ap p a ra tu s  is b u ilt  w ith  C ast I ro n , S teel a n d  N o n - 
F erro u s m etals, a n d  is e q u ip p e d  w ith  F ix ed  o r  W ith d ra w a b le  
T u b e  N ests a n d  F ixed  o r  F lo a tin g  T u b e  H ead ers .

W h esso e  H e a t  T ran s fe r  E q u ip m e n t is d esigned  a n d  b u ilt 
fo r  th e  P e tro le u m , G as, C o k in g  a n d  C h em ica l In d u stries .

I t  co m b in es h ig h  p e rfo rm a n ce  w ith  accessibility  a n d  ease 
o f c lean ing .

A ll en q u irie s  w ill receive th e  m o st care fu l a tte n tio n  o f th e  
W h esso e  tech n ica l staff.

The Whessoe Foundry and Engineering Co. Ltd. Darlington and London

TANK AND REFINERY PLANT BUILDERS

Kindly mention this Journal when communicating with Advertisers.
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CAN YOU AFFORD TO GUESS ABOUT

FORMATIONS PENETRATED?
E specia lly  w h en  you  can  
a cc u ra te ly  de te rm in e  por
osity  — p e rm eab ility  — s a t
u ra tio n  —  g ra in  size a n d  
com position from the  u n i
form ly G ood Cores tak en  
w ith  a

BAKER CABLE TO O L
CORE B AR R EL
B A K E R  A F F O R D S  T H E S E  6  
I M P O R T A N T  A D V A N T A G E S :
1. Higher percentage of recoveries in a 

wider range of formations
2. Faster running time
3. Lower operating and maintenance cost
5. Maximum safety in service
6. Longer life
4. Simplicity of operation

J

Your N earest Baker Office or R ep resen ta tiv e  W ill 
Be G lad  to G ive you C om ple te  Details.

See P ages 262-266 of the Baker Section of 
the  1940 C om posite C atalog.

B A K E R  O I L  T O O L S ,  I N C .
MAIN OFFICE AND FACTORY: 6000 South Boyle Avenue 

Box 127, Vernon Station, Los Angeles, California 
CENTRAL DIVISION OFFICE AND FACTORY EXPORT SALES OFFICE

6023 Navigation Blvd., Box 3048 19 Rector Street
Houston, Texas New York, N. Y.
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A e t a i U e e i .. .

L U M M U S

C R A C K I N G  U N I T

/ Ic c & p t e d l

C v jjte s i 1 8

â c u ÿ l o f  

In it ia l

lor a  major oil company Lummus recently completed a 
Lummus Combination Three-Coil Cracking Unit. . . viscosity- 
breaking, gas oil and heavy naphtha reforming.» » » Eighteen 
days after the unit was put on stream it was completely ac
cepted, having met all guarantees. The initial run was con
tinued to 25 days, when the unit was shut down for inspection 
purposes. » » » This recently completed unit — the ninth con
secutive Lummus Cracking Unit to be accepted during initial 
firing runs of 25 days or more — is equipped with Lummus 
Floor-Fired, Raised Hearth Heaters, with improved steam 
generation feature in the convection section. Provision is 
also made for steam generation from waste heat.

A .  C .  G R O N B E C K

Representing, THE LUMMUS COMPANY
Bush House, Aldwych, London, W. C. 2
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SP E C IALLY S Ul TAB LI 
FOR OIL REFI N ERIE
..................................           -  - a ^ s p g p s:

T HE reliability of N E T T LE  42/44% 

alumina firebricks in high temperature 

installations is undisputed. Users of this 

brand are convinced of this: those who 

have their refractory problem still with 

them may well find that a trial of NETTLE

will provide a solution.

JOHN G. STEIN & CO. LTD., BONNYBRIDGE, SCOTLAND

Kindly mention this Journal when communicating with Advertisers.
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Thê Ml-Lo* drivr7mtfd In connection «1th thefnydrsul lcl trsr,swiss! <--r. roily op<rH»t(U<r » Ump «r.rln?V He ut»»d the hlgn sc«x< drlvr stdr only to »n approximate depth of 1,900 feet. Taking lr.to consideration that the dra«• orks «as po-cred «1th « US HP »auktsha engine and »e «ere using ¿4" drlU pipe, thltCrlp «as »ore than aatlafacUiry.r beyond 1.90J feet, »e used the lo« speed drl»e in pUtlftf up the drill pipe off the slip* end the high speed aide for taking up the eepty block. We might say here that the fc'lgh speed of the <r*ptv btocijgoirg up in the derrick »as pltctv fast: In fact, care had to be taken not to put It past the derrick man.

SPEED AND POWER SATISFIES

DOUBLE QUICK -R U N -U P ’

F . J . O LSON * E x p o r t  M anager*  570 L e x in g to n  A v c n .,N .Y . C ity . C ab le  A d d re ss :  “ C a rd s te e l .” 

Kindly mention this Journal when communicating with Advertisers. 
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Clearwater, Kante

Card.ell Kar.ufaciurlng Co«oany, Inc P.O. Cra.er 2001 Klchlta, Kansas

On December 16th, ae rigged up this dr*. >ork* and drilled a li-3/4' holt for surface pipe and set 197 feet of 10-3/4* pipe. We «alted for cement to set and started drilling operations again on December 19th, drilling a9* hole to a depth of 3,309 feet and ran OD drill string. The «all.as completed to this depth and cemented January 1st. The tie« requiredIn drilling this >ell .as a eery good average for tie Silica Field.

The (friction elute pd lo. apeed drivê engage the load »«oatr.lycd greatly to the drilling spe

Tours very truly
Vi
. .'ent.orth . Drilling Coepar.y

TW O-SPEED DRIVE

SM OOTH. FLEXIBLE POWERD

STEAM RIG PERFORMANCED

[ FRICTION CLUTCH OPERATED2>

NO SHOCK-LOAD
•  T he tw o-speed fric tion  c lu tc h  drive to 
th e  d ru m , ro ta ry  tab le  drive fric tion  
c lu tc h , co u n to ra h aft brake an d  a u to 
m atic  ro ta ry  tab le b ra k e  are hydraulically  
contro lled .
No gears to sh if t w ith  th e  h y drau lic  t r a n s 
m ission: th e  eng ine  th ro t t le  c o n tro ls  th e  
e n tire  range of power to  th e  d raw  works.

T he new d u a l safety  brakes will o p e ra tA  
ind ep en d en tly  a n d  hold  th e  full capacity  
load shou ld  one brake fail.
M odel L d raw  works is recom m ended for 
ro ta ry  d rillin g  to  3,500 feet w ith  V -i" drill 
pipe or to  4.500 feet w ith  3 ’ j ' d rill pipe 
an d  for w orkover jobs to  8,000 feet, using  
2J-4" tub ing .

FAST DRILLING SPEED

• • • • W. W. W. Drilling Company • • • •



B A B C O C K  &  W I L C O X  L I M I T E D
BABCOCK HOUSE, 34 FARRINGDON ST., LONDON, E.C.4

O UR erection facilities throughout the world are unsurpassed. 
The illustration shows a Vacuum Fractionating Column being 

lifted into position. Our Works are particularly well equipped for the 
construction of re-action chambers, coking chambers, flash chambers, 
fractionating columns, strippers, evaporators, heat exchangers, con
densers and all vessels included in oil refinery and treatment plants, 
digesters for pulp mills, etc. All Babcock Welded Vessels are manu
factured to L L O Y D S , A P I-A S M E , A SM E , or other recognised 
codes and are subject to inspection by all the leading insurance 
companies or other official bodies.

Kindly mention this Journal when communicating with Advertisers.
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TH E C H E A P E S T  PAINT PER  YEA R OF SER V IC E

WAR ECONOMY IN PAINT

Kindly mention this Journal when communicating w ith Advertisers.

A S  S U P P L IE D  T O  M A N Y  O F  

T H E  L E A D IN G  O I L  C O M P A N IE S

P A C K E D  F O R  E X P O R T  in 40 gallon 

steel drums and in 5 and 10 gallon her- 

melically sealed strong hooped drums, 

ensuring safe arrival with no chance of 

leakage.

Y O U  CAN BE 
A S S U R E D  O F F U L L  
P R O TEC T IO N  A G A IN ST  
C O R R O S IO N  B Y  USING 
T W O  C O A TS  O N LY  OF D IXO N 'S  SILIC A - 
G R A P H IT E  P A IN T

Nobody denies-when protecting iron and 
steel from corrosion-lhal on new work 
three coats are better than two. Where, 
however, w ar makes economy essential, 
adequate protection ihould be obtained by 
two coats of best quality paint. But if you 
use one priming coat of Dixon's Red Lead 
Craphite, followed by Dixon's Natural or 
Battleship C re y -o r  any other of our SILICA- 
CRAPHITE PA IN TS—full prelection W ILL  
BE A SSU R ED -an d  lor the longest possible 
period. Further, labour costs are lower be
cause it is so much easier to apply.
W e are in a particularly good position to 
supply paints for

O IL  T A N K S , HEAD G E A R S , O IL  W ELLS , 
AND O IL  REFIN ERIES

D IXO N 'S  ALU M IN IU M  G R A P H IT E  has no
equal for O il Tanks. Large quantities 
already supplied.
For old w ork, a touch up with Dixon's Red 
Lead Craphite Primer followed by a finish
ing coat of any of Dixon's Silica-Craphite 
Paints, w ill give full protection for the 
longest period.

G et in touch with

C. R. A V E R IL L  LTD.
22  D U C H Y  STR EET , STA M FO R D  STR EET 

LO N D O N , S.E.1 
Telephone: W a te r lo o  4732/3. 

T łle jra m s : '* C ru c ijrap h ,”  Sedisc, London.



W E L D E D  S P E C I A L S  

S T E W A R T S
A N D

GLASGOW niRivxxNG
N

M ♦ LONDON

Stewarts and Lloyds specialise 
in the production of welded 
steel specials of various kinds.
The photograph shows a feed 
manifold 5 in. bore with 4 in. 
and 3 In. branches; this was 
tested to 3,300 lb. per sq. in.
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