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INTRODUCTION

This investigation was made to secure information on the
geology of a part of western Whatcom County, with particular
reference to the possible oceurrence of oil and gas. A study
was made of the gas that has already been developed, and field
work was done to determine favorable locations for further gas
tests. The work was commenced early in 1934, when a field
party gathered data on the Pleistocene deposits covering much
of the area and also began the study of the underlying forma-
tions. The investigation was continued later in the season by
a detailed survey of the rocks occurring in the area.

Many of those who have been largely responsible for bring-
ing the development of gas in this region to its present stage
assisted in supplying the information on early drilling. They
also gave logs of more recent exploration and details that were
very useful in the study being made.

The writer wishes to acknowledge the helpful cooperation of
Mr. H. O. Griffin of the Whatcom Natural Gas Company, Mr.
C. F. Livermore, well driller, Mr. William Newton, Mr. John
Pierce, Mr. Cecil A. Morse, Mr. Charles Larrabee, Mr. E. H.
Miller, Mr. H. D. McEldowney, and the many others who con-
tributed time and information.

W. G. Bennett, of the Division of Geology, was in charge
of the earlier studies and assisted in the first part of the later
work. Hig interest and cooperation were greatly appreciated.

The writer was assisted throughout the field work by S. N.
Tmss, of the Division of (;reologv who gave very efficient help
in searching for outerops and collecting data on their field re-
lations.

AREA INVESTIGATED

A preliminary reconnaissance of western Whatcom County
showed that the initial studies as to its oil and gas possibilities
might well be confined to the area west of the high hills of
Sumas (Nooksack) and Anderson mountains. The northern and
western boundaries are, of course, fixed ; the southern boundary
is marked by the discontinuity in that direction of rocks which
could be a source of oil or gas. The eastern boundary was arbi-
trarily chosen. If production should be found in the more favor-
able areas to the west, it may be advisable to continue the study
for some distance to the east; but it is not thought that the
possibilities there warrant additional work until more definite
stratigraphic data have been gained in the area outlined.
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PREVIOUS STUDIES

The occurrence of coal in western Whatecom County, to-
gether with a good grade of building sandstone, has led to a
considerable amount of geologic investigation of the region.
Most of this work was confined to specific resources and to
small areas, but some was broader in scope.

The most complete account of the general geology has been
given by Jenkins! as a result of his study of the coal of the re-
gion. Much of the information given in that report has a direct
bearing on the conditions related to oil and gas occurrence. The
present work leaves his structural interpretations essentially
unchanged; but it has been possible to acquire more detail on
structure and delineate some features more definitely by study
of added exposures.

The Pleistocene formation overlying the coal measures are
mentioned by Bretz,? who gives some details on the Glacial his-
tory of the region in connection with an investigation of the
Puget Sound region. Other mention has been made of the area
as a whole or of specific parts, and a partial bibliography is
given by Jenkins in the report just cited. Attention should be
directed to Landes’ report on the coal deposits; Shedd’s* re-
port on the Chuckanut Bay sandstone ; McLellan’s® brief account
of the rocks of the region and their occurrence on Lummi Island
in which he applies the name ‘‘Chuckanut’’ to the formation
as a whole; and Crickmay’s® study of lithology and structure
of the northeastern part of the area.

1Jenkins, Olaf P., Geological investigation of the coal fields of western What-
com County Washington: Wash. Div. Geol. Bull. 28, 1923.

2Bretz, J H., Glaciation of the Puget Sound reglon: Wash. Geol. Sarvey,
Bull. 8§, 1913.°

Landes, Henry, The coal deposits of Washington: Wash, Geol. Survey Ann,
Rept. for 1901, Vol. 1, pp. 263-65.

4Shedd, Solon, Building and ornamental stones of Washington: Wash. Gedl.
Survey Ann. Rept. for 1902, Vol. 2, pp. 62-65.

SMcLellan, R. D., Geology of the San Juan Islands: Unlversity of Washing-
ton publications in geology, Vol. 2, 1917.

*Crickmay, C. H., The structural connection between the Coast Range of
British Columbia and the Cascade Range of Washington: The Geological Maga-
gzine, Vol. LXVII, pp. 482-491, 1930.
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TOPOGRAPHY AND GEOGRAPHY

This area has a most diverse topography. A person un-
familiar with it may best understand what is involved by a
study of the Samish Lake, Blaine, and Sumas topographic
sheets of the United States Geological Survey.

The southeastern third of the region has the high relief
given by mountain masses extending into Skagit County. Chuck-
anut Mountain lies south of Bellingham and rises abruptly
from Samish and Chuckanut bays to 2,385 feet a mile south of
the county line. The valleys of Samish T.ake and Chuckanut
Creek separate this mountain from the still higher Lookout
Mountain to the northeast, where an elevation of 2,715 feet is
reached. TLake Whatcom, 12 miles long and about a mile wide,
lies northeast of Lookout Mountain and separates it from the
higher massive Anderson Mountain, which extends along the
lower east side of the area. The valley of Nooksack River lies
between Anderson and Sumas. (Nooksack) Mountain, the latter
continuing northward almost to the international boundary.

Squalicum Mountain, an outlier of Anderson Mountain, lying
a few miles northeast of Bellingham, is a rounded, more or less
circular mass, rising 1,525 feet above sea level. King Mountain
is a 521-foot hill just north of Bellingham.

The mountains are rugged and are deeply ineised on'their
flanks by small swift streams along which resistant strata cause
precipitous cliffs. Virgin timber and a tangled mass of second
growth and windfalls cover the ground, while devil’s club, alder,
vine maple, and salmonberry bushes make travel very slow and
laborious. Search for outerops presents a real problem, as there
are practically no roads or trails throughout most of this part.

The separating valleys and lake shores are less than 530
feet above sea level. Good roads follow these around the moun-
tains, excavations along them aiding greatly in geologic study.

A totally different topography marks the north and north-
west two-thirds of the area. It is a region of generally low
relief with rolling hills and broad flats over which Nooksack
River meanders. Two small areas, one southeast of Birch Bay
and another east of Blaine have greater relief, rising to cleva-
tions of 354 and 452 feet, respectively. The low region is very
fertile and has been extensively cultivated. This northwest
part has been an important farming district for years and sup-
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ports many small towns. KExcellent roads make it possible to
reach almost any part of this region.

Bellingham is centrally located in the area covered by this
report. It is the fourth largest city in Washington, having a
population of 30,823. The population of Whatcom County is
given in the 1930 census as 59,128. Of this number, probably
95 per cent live in the area under discussion.

The climate of western Whatcom County is mild, the mean
temperatures ranging from 61.6° in summer to 38.9° in winter.
The annual precipitation is about 31 inches, chiefly in the win-
ter months.

DESCRIPTIVE GEOLOGY
STRATIGRAPHY

. Olays, sands, and gravels, with unassorted glacial tills make
up most of the surface deposits in the area. They are mainly
Pleistocene, although Recent alluvial deposits cover the earlier
materials in some places. Underlying the Pleistocene beds, and
cropping out in areas of greater relief are shales, sandstones,
and conglomerates which comprise the great thickness of early
Tertiary (Eocene) rocks of the region. These last have been
economically important for many years on account of the coal,
building stone, and ceramic materials occurring in them. They,
in turn, rest unconformably on a great series of schistose rocks
that outerop in places where erosion has been very active.

PRE-TERTIARY ROCKS

The oldest rocks exposed in this region are the schists imme-
diately underlying the coal series. They outerop for long dis-
tances south of the area in Skagit County and may be seen
along the coast in road cuts bordering Chuckanut Drive of the
Pacific Highway. Other exposures are on the Samish Lake
Highway near the southeast shore of that lake, and in the vi-
cinity of Sumas in the northeast part of the area.

They are metamorphic rocks which include chlorite, tale, and
graphite schists and also some basie igneous rocks which have
been altered to greenstone and serpentine. The predominant
rock is chlorite schist, a pearly to dark gray contorted, crumpled,
splintery fracturing mass cut by innumerable veinlets of white
quartz. Where the schist is graphitic it is almost black. The
quartz veinlets are characteristic of this formation and occur
as pinching and swelling lenses between the schist folia and
also in fractures at various angles to the schistosity planes.
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These schists are the highly altered equivalent of a sedimen-
tary series of unknown extent. They are probably continua-
tions of the schists occurring east of this area in Vedder Moun-
tain, Sumas Mountain, the south part of Anderson Mountain,
and on the upper reaches of the several forks of Nooksack
River. Some of these occurrences have been studied by
Crickmay' and assigned by him to Triassic and to undivided
Mesozoie age.

Near the north and along the northeast side of Lummi Island
the older rocks are also exposed unconformably underlying the
Chuckanut formation. Here they are deseribed by McLellan®
as altered dikes of porphyrite-basalt and basic andesite corre-
lated with the Leach River group of Vancouver Island.

The limestones of the Kendall vicinity, probably of Carbonif-
erous age, do not occur and have no counterpart in this area,
although the series in which they occur may be in fault contact
at one place® with the eastern extension of the Chuckanut for-
mation.

CHUCKANUT FORMATION

The Chuckanut formation is made up of a great thickness
of conglomerates, sandstones, and shales which ginconformably
overlie the schists of the region. The actual costact is exposed
in several places, for example, on Samish Lake Highway just
west of the east line of sec. 26, T. 37 N, R. 2 E.; on Saar Creek
above the old Denny-Renton clay mine near the center of the
S. 15 sec. 12, T. 40 N., R. 4 E.; near the north end of Lummi
Island, as mentioned above; and, the best exposure seen, in the
ravine of an unmapped creek about one-half mile west of Reed
Lake in the SE. 14 SE. 14, see. 30, T. 37 N., R. 4 E.

The schists are eroded more easily than the resistant sand-
stones of the overlying formation; hence the approximate po-
sition of the contact can usually be determined from the topog-
raphy, where the actual contact cannot be seen. The old schist
surface was not only very uneven but probably had considerable
relief. This accounts for the variation in angle between the
planes of the bedding of the Chuckanut rocks and of the contact,
and it may account, in part, for the different thicknesses of the
Chuckanut shown in stratigraphie sections measured in different
places.

ICrickmay, C. H., op. cit,, pp. 489-490 and accompanying geological map.
. *McLellan, R. D,, op. cit.,, p. 99.
}Crickmay, C. H.,, op. cit.,, Pl, to face p. 488.
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Basal Conglomerate and Associated Beds.—The contact ex-
-posure west of Reed Lake shows the characteristies of the basal
Chuckanut formation in the south part of the area. Here, a
foliated, highly contorted chlorite schist, with abundant quartz
veinlets, is overlain by 3 feet of moderately fine, soft greenish-
gray sandstone made up of schist fragments. This sandstone
is probably a local member formed by the cementation and in-
duration of fine material of the old land surface. It is overlain
by a foot of conglomerate made up of an irregular mixture of
blocks and large angular slabs of schist in a ground mass of
similar material. Above the coarse conglomerate lies 72 feet
of the usual basal conglomerate composed almost entirely of
angular and subangular fragments of quartz, an inch or so
across, in a finer aggregate of quartz and schist grains. Finer
sandy phases occur as lenses and layers in this rock, and these
contain abundant carbonized fragments of leaves and grasses.

This thick member has a strikingly white color, from the
great amount of quartz. It is very well cemented and forms
a resistant bed over which the creek cascades. Sandstones,
sandy shales, and some soft, unctuous clay shales lie above the
conglomerate and make up an alternating sequence to the top
of the mountain.

The basal conglomerate exposed on Saar Creek has a thick-
ness of 80 feet and is a mixture of igneous and metamorphic
pebbles with some composed of quartz. They average from 1
to 2 inches in diameter, although boulders up to 18 inches in
diameter occur at the contact with the underlying slaty schist.
The overlying beds at this place are more shaly than is usunal,
and the character of the shales is markedly different from that
seen elsewhere in the formation. This is probably due to a local
difference in the types of rocks whose erosion produced these
beds. Some of these shales are valuable for making firebrick,
buff-burning face brick, and various ceramic products, and they
were mined and used by the old Denny-Renton Clay Company
of Seattle.

Conglomerate—The occeurrence of basal conglomerate has
been noted above. Other conglomerates occur in the upper part
of the Chuckanut formation. The most accessible outcrop, as
well as one of the most interesting, is exposed in a large cut on
the highway west of Lake Whatcom at Lake Lounise. The base
of this member is concealed, but a stratigraphic thickness of 80
feet is exposed. It is made up of grit, pebbles, and cobbles in
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an arkosic sand matrix. The average diameter of the pebbles
is one to two inches. They are well rounded, show no particu-
lar orientation within the bedding, and are composed of various
types of igneous and metamorphic rocks of a generally dark
color. The cementation is not strong and is probably ferru-
ginous, as the fresh material is a bluish gray and the weathered
portions slightly brownish yellow. Very irregular, contorted
sandstone masses occur in the conglomerate as well as a few
beds that are evenly bedded.

A similar conglomerate, probably the same member, is ex-
posed on Lookout Mountain in the SW. 14 sec. 12, near the cen-
ter of the W. 1% sec. 12, and in the SE. 14 sec. 11, T. 37 N.,
R. 3 E. Other occurrences are on Chuckanut Drive near old
Wildeat Cove Station, on Chuckanut Mountain near the center
of the east line, sec. 31, T. 37 N., R. 2 E., and a possible oceur-
rence is near the center of see. 23, T. 37 N., R. 3 E., above Samish
Lake.

A monotonous repetition of similar beds marks the whole
Chuckanut formation, but this Lake Louise conglomerate mem-
ber seems to have no counterpart elsewhere in the series, and
probably can be used as a horizon marker in the formation.

Other, generally fine, conglomerates outerop in the vieinity
of Manley’s Camp, in street cuts in Bellingham, on Squalicum
Mountain, on King Mountain, and at many other places. They
are interbedded with sandstone and may grade laterally into
grit and coarse sandstone. Cross-bedding is common but usually
on a rather small scale. The pebbles are generally rounded,
under an inch in diameter, and are of igneous and metamorphic
rocks. They are only moderately well cemented, so the rock
breaks down rather easily, yet it and the conglomeratic sand-
stone are somewhat more resistant than the associated rocks,
and so form prominent outerops.

Sandstone—Sandstone forms the major part of the Chucka-
nut formation, as may be seen in the measured sections; (pp.
15 to 23). It shows all gradations from very fine grain to very
coarse. It may be so massive that no bedding planes can be
distinguished in members 25 feet or more thick; or it may be
so platy and thin bedded that slabs of one-quarter inch thick-
ness can be separated from one another. Cross-bedding is very
pronounced in some of the exposures but is hardly a large-scale
feature throughout. It occurs on a small scale for distances
of one to a few feet in individual beds in most outerops. Lateral
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variations in texture occur along the strike of some beds that
are exposed for several hundred feet. In one such instance a
gradual change takes place from medium-grained sandstone
to sandy shale, and in another, the change is from sandstone
to coarse grit or fine conglomerate.

Many beds are very argillaceous ; others are rather free from
clay; and it is common to find irregular pieces, lenses, and thin
layers of coaly matter in what would be otherwise a clean sand-
stone. The grains are a mixture of quartz and fragments of
igneous and metamorphic rocks, and some members are dis-
tinetly arkosic.

Their color on unweathered surfaces is most often bluish to
greenish-gray which becomes gray and very light gray to buff
and light-brown where weathering has affected them. Certain
strata are loosely cemented and quickly disintegrate from ero-
sion, while others are well cemented and have been quarried and
used extensively for building purposes. Shedd! gives the physi-
cal characteristics of the rock taken from the old Chuckanut
quarry, mentioning that the porosity is 10.91 per cent. He gives
the following chemical analysis:

Analysis of Chuckanut sandstone

HeE S (B0 st e R e i o i s 30 s e s S s e 90.19
3 DA R R e S A S L T e L 3.50
ZURTE O b O S N A8 R e Y R e N T TR B Sl W 1.92
3 5% T L £ R e U e e P o S o BRI 0.59
30 T E IS e o il R R EESECE N SO M e 00, 1 s B WU, 1.78
O L T OIS s R B s Tt T oA 3 A 2.32

100.30

Shale—The shales exhibit all gradations from very unctuous
clay types, free from grit, to those so sandy as to verge on
sandstones. Their color, when unweathered, is usually gray
and dark-gray; although greenish shades have been seen, and
variations from light-blue to deep-red occur in isolated expo-
sures near the borders of the area. Where carbonaceous, as
many of them are, the color darkens with inerease in carbon
content until they become black. Some are soft and easily
weathered, others are hard and compact, while a few exceptional
occurrences are so dense and indurated as to resemble slate.

Many shale beds, and particularly those that are carbona-

iShedd, Solon, Building and ornamental stones of Washington: Wash. Geol.
Survey Ann. Rept. for 1902, Vol. 2, pp. 62-65.
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ceous, bear abundant imprints of leaves, stems, and plant frag-
ments, while in some beds beautifully preserved imprints of
palm fronds occur. These may be seen most advantageously in
the sandy carbonaceous shales and at shale-sandstone contacts
along Chuckanut Drive. Such fossils are common to the whole
formation, with the possible exception that the palm imprints
occur mainly in the beds nearer the base of the series.

The percentage of shale in the series is low. It varies greatly
from place to place and becomes much greater if rocks on the
border between shale and sandstone, which would be described
better as shaly sandstones, are included in the figures. The
9,000-foot section measured along Chuckanut Drive shows 10
per cent shale which may represent fairly the amount in the
southern part of the district. The relative percentage is higher
to the northwest, where conditions of deposition apparently
favored the accumulation of the finer sediments. Well logs and
diamond drill records indicate that the percentage of shale in
at least the upper part of the formation is around 30 per cent.

Coal.—Coal, in fragments, thin layers, and lenses, is dis-
tributed irregularly throughout the whole thickness of the
Chuckanut formation ; while beds of appreciable thickness, some
of which are commercially important and have been mined for
many years, occur at several places. The coal occurs in the
upper part of the series with the exception of one bed which is
just above fthe basal conglomerate.

The thickest bed so far discovered is in the syncline under-
lying the eity of Bellingham and at present is being mined
near the northwest city limits by the Bellingham Coal Mines
Company. This bed is 14 feet thick. It has partings of car-
bonaceous shale which are thicker in the lower part of the bed
than in the upper, so only the top seven or eight feet of coal
is mined. The coal is black, and has a cubic fracture, and is
of subbituminous grade. Jenkins! gives the following analysis:

Prozimate analyses of coal from the Bellingham beds

SAMPLE Volatile | Pixed |

Molsture| matter ] earbon | As Sulphur | B, t.u.
1

|
[ T T e Rl e P S | w08 36.67 | 40.78 | 19. 1.01 | 10,872
Molstarefree. 5 s i e fisita il 37.26 i 4250 | 2015 |oeeen.n 11,356
Sirdivirenetved .ot it s cm i eeds 416 | 8462 | 4467 | 16.55 0.68 | 11,467
MOIBEUTE FLEB. 5. v ciun s« vuvasinsbuaninn Fasign. s T (T o W L g o 11,965
3. As received 3 [ amo | s | @ | 1248 0.4 | 11,057
MOIBIUZE 2108, < v usiivpaasbonnserlsan e feareatiorns 36,84 | 50.01 18.15 |.cvvvevnee 12,282

Jenkins, 0. P.,, Geological investigation of the coal fields of western What-
com County, Washington: Wash. Div, Geol. Bull. 28, 1923,



14 0il and Gas Possibilities

These analyses are rather characteristic of the coals of the
Chuckanut formation in this part of western Whatcom County;
although, due to movement and pressure, the coal just over-
lying the schist and formerly mined at Blue Canyon, has less
volatile matter and a higher content of fixed carbon.

The Blue Canyon coal is said to have varied greatly in thick-
ness from place to place in the old workings, but an average
was about seven feet. Other coal beds below the Bellingham
seam have been worked at different times. These had thick-
nesses from 2 to 6 feet. The total number of beds is not known;
for structural changes could make one bed outcrop at widely
separated places, while different conditions of deposition could
account for differences of thickness and quality. It is not
thought, however, that the original basins in which the coal was
laid down extended for any great distance, hence the resultant
coal beds are considered to be discontinuous rather than per-
sistent members of the formation.

All of the coals opened so far have been very gassy. Closed
lights have to be used in the mines unless there is very good
ventilation, and even then the condition of the air must be tested
often and carefully. This is no more than would be expected
in coal which contains so much volatile matter and which lies
in highly folded rocks.

Limestone—No limestone is known to occur in the Chucka-
nut formation. It is not to be expected, due to the character
of the sediments and the conditions that existed while the mate-
rials were laid down. Limestone has been reported, so far with-
out verification, in one or two well logs (see Chamber of Com-
merce well No. 5), and limy sediments have been reported in
other drillings. The latter could have formed as impure marl
by the precipitation of caleium carbonate in warm, shallow,
fresh-water lakes through the agency of aquatic plants.

An impure marl-like material was encountered interbedded
with shale and sandstone in the Hunter No. 2 well in the SW. 14
sec. 27, T. 39 N., R. 2 E. It was soft, chalky material which
showed no shell fragments under the microscope. It contained
very fine quartz sand and powdery calcite in about equal
amounts, with smaller amounts of altered and unaltered feld-
spars, hornblende, pyrite, epidote and apatite. A little less
than one-half of the material, as sampled, was soluble in hydro-
chloric acid. This occurrence is of interest, for such a bed may
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prove to be a horizon marker. It may represent strictly local
deposition, but should be looked for in future drilling.

Type sections.—Chuckanut Drive has been cut in the ecliffs
and steep west slopes of Chuckanut Mountain, along the shore
of Samish Bay. Bedrock is exposed for a long distance, and it
is possible to measure a section totalling over 9,000 feet in strati-
graphic thickness. The base of the section is in the southwest
corner of sec. 9, T. 36 N., R. 3 E.; while the actual contact with
the schist is concealed, the position is known to within a few
feet, since schist ounterops a short distance south of the lowest
exposure of sandstone. The upper part of the section is not
exposed continuously, and the thickness is obtained from the
attitude of the beds that are exposed. The top of the section
is just north of the old Wildeat Cove Station, near the center
of the east line of sec. 25, T. 37 N., R. 2 E. Above this exposure
the beds dip the opposite way and are repeated.

Section along the east shore of Samish Bay

Top of Section. Thickness.
Feet.
Sandstones, interbedded shaly sandstones, and sandy shales.
Mostly oneaRlal L et s i s i e s e s e r hiE 1,750
Conglomerate, coarse, rounded pebbles and cobbles, with grit
and sandstone interbeds. Base and top concealed....... 25
Sandstones with interbedded shaly sandstone and sandy
shales. - Mogtly conceale i .oim v s s ais sianimsiansas ssesns 2,550
Concealed ............ i A ke a4 T aVa] s e T oo e s e 180
Sandstone, coarse, cross-bedded.............cconieiinnnnnns 26
Concealed ...... AR o 5 TS Aoy e, 3. G oL, S e 2 240
Sandatone, MNASEIYE L. .t s svaasiee s e b A e s alin 100
TR7) T T B e e e R P wow-c 190
SADAStONE S RN BT R  t f ce evea s b s o ¥ s e o e 15
Sandstone, cross-bedded......cccvienrinnraneanacennones Ry
S Ale; IO S i35 % o5 vdte afilaie on 41 blaThrare stota diotente b iuw o o are iia y gt miyie 80
Sandstone, massive, jointed........... T R g
Sandstone, interbedded shale........ccvoveinrennnesnansnns 4
Sandstone, coarse. Leaf horizon at top............ ety i 40
SHate mand s . . o s et s (e toarenw i bare e e e i e e A e S £
Sandstone, cross-bedded...........ciciiiniiiiasrrsananasan 8
(810112 L L e e e e e S A D e 135
SanAStone, COATHE. . :.. .o veasssnssaniosssnnssrossssssaeansss 60
Sandstone, shaly.......ceeeeees s R R o PR 85
BRALE: BN A - & o einn anlsma s s aain o simniss ossdiusives senaasenses an/ t D
Sandstone, well-bedded......ccovevnunrrrrnsssassnsonncns e B0
Shale, CArDONACOOUB. + co o vsspassssstasesassnsssrusdessansas 1
AT ARTOTII 1 51s s ais feilermsis oia s siacain s winks)=is artis 5 mis e u s we 8
Shale, carbOnacCeOUs. . .. ceusesnesvnssass AT IR I e e A 1
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Section along the east shore of Samish Bay—Continued

Top of Section, Thickness.
Feet.
Sandstone, thinsbedded. ::..vuuiveeiiviibaevsnsssings 4
Sandstone, massive, thin layer carbonaceous shale.......... 20
T e e T B S e e AT s S ek 0| 5
i I A e S s 0 6
T Ta) (TR 1 hea Sl O BT BT A S L SO A M| 1 3
1 e B T T % b
Concealed ..... o s s b e T e e e e e T A g 85
Sandstone, massive. Some shale interbeds.................. 105
Sandstone, massive, and shale containing leaves............ 105
SReRicigy @l i (s AEEES S e g SOt et WA [ 6
SN 8t OTI0, BB VE LS s S e e thed sl e b 25
Sandstone and interbedded shale...........oouivrvuerunnnnns 50
Oyt b i S NSRRI SCR! N, < N, STT S ST b N 60
Sandstone, cross-bedded. ... ....... . uiieiiirniiiea e iiiera 30
Sandstone. Small amount shale, partly concealed.......... 5
Sandstone, interbedded carbonaceous shale................. 60
Sandstone, massive. Tree trunk imprints.................. 86
S DBTECAPDONBEOOTE L, Sl s olvivh g wosisie s sis e wie menres e s ieb ot 6
Sandstone, massive and cross-bedded. ...................... 25
DAl CATHONACEONE. o i ol e a s eatle s o oo a5 o 4% St 2
57134 T lens RPN W it 0 1! S 2] (W, e CRL TS 2
Bhale carboODABBOUE .« =i sy v ards i s e s s B RS e s 5
Sandstone, -with S0me SRAle. . v v wsawiwwnsunas ssioesn s il 105
Shale, carbonaceous. Some interbedded massive sandstone.. 65
Sandatone; croga-bedded. .o v vanlihiv i s ih i e e s v e 15
Shale, carbonaceous, with sandstone lenses................. 34
Sandstone, cross-bedded, with interbedded shale. Palm hori-

L £ 1 VLR e o ety i Al S e B 43
Sandstone, shaly partings. Contains tree imprints.......... 50
SEAle, N O0RLY- i cccia R EE e b e A R e P 1
HARAFEONG- o v v vd c s s obddeviv et s v davaesoe B R e e a b
B Scoal T v s e drt il Ak s o s esin . Yo st b de s AN A 0.5
AT ASEONOA v it v i et m A N s e s S s 4
Shale, carbonaceous, with sandstone lenses containing car-

bonized stump. Palm horizon.................c... R el 20
Sandstone; massive, pebbly at base...............c0uuu.uut 43
Sandstone, massive. Thin shale layer at top.............. 10
Sandstone; massive, with shale showing mud cracks........ 6
Sandstone, cross-bedded. Some sandy shale................ 8
Sanastone: massive. s Ll 00 i chi on AR e b S st D 20
B L e ot B g P e U 175
SAndstone; - pooPIY GXPOBEH. . .. s we s ey m e s o 50
CongERlBlE s s i Y AR A N v T 50
Sandstone; ‘MaBsive. . it ittt ivia s e ia i sa S 30
Sandstone; shaly, and carbonaceous shale................... 12
Sandstone: MBESIVO . sa s i i i G s s e e e e 20

Sandstone, poorly bedded. Contains leaf imprints. and
probable TIpPle -MBTES v v e v vds sl vt s s o wossire 5 alalale 20
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Section along the east shore of Samish Bay—Continued

Top of Section. . Thickness.
Feet.
Sandstone, irregularly bedded. Shale parting..... A ssnrameniatae D0
Shale. Palm horizon............... e e PR S SR T A A 2
Sandstone, cross-bedded......c.ooiirinnriraiiisiiiiiiiinaa, 8
BRHYe . T e R L s M i S el v N 2
Sandstone, MAasSIVe. ......civiiiriinnarasansianrmsnessaans 6
Shale, partly carbonaCEOUS. ......couvrvvunrrosrrssscascoass 6
Sandstone, cross-bedded. Shale parting............c...oo0nn 14
Shale ‘and DONY: CORLL . [a s ods i s sis bsla s azsgiie asetaareisiars 5
Sandstone, cross-hbedded....... ..ottt 15
Shale and DODY COAL.. .. vvvarisssissarsasssnnsnosnescnnas 2
Sandstone with pebble layers. Numerous tree trunk im-
DPYOBHIOTIB o s e s hite s ain aleins n siaiv o o /s pusisiee Siaia sin s are /a1y aiwisluiore 55
Shale, massive, irregularly shaped lens.................... 4
Sandstone, shaly parting. .........ocoeveiieininimieeeaans 6
Shale, leaf imprints..........cooomiiiriinieaiiiiieiiea, 1
Sandstone, crogs-bedded.........ovviiiiiiiiiiiaii i 3
Sandstone, thin-bedded, shaly. Palm horizon at base and leaf
IPHINEE AL BDPL e oo a6 vl vis oo wisisie s inlaie s e ela VAT 10
Sandatone, MASSIVe . .« .caiaae oo s sk s s/aar e o 2
Shale, carbonaceous, and thin-bedded sandstone............. 5
TR ey L N A e M L S S SR R e S AR e e e 5
T R e P s o IR S P L e L S M 1
e ) T e i MR S b T I ol o L e 5
Sandstone, shaly, thin-bedded............c..cooviiiinne, 10
Sandstone, cross-bedded. Leaf imprints at top............. 10
Sandstone, very irregular bedding..............ochiiainn 6
Sandstone, shale, and bony coal, interbedded............... 35
Sandstone with shaly partings. Coaly layer at top......... 8
Shale, sandstone and coaly shale. Palm horizon at top..... 12
Sandstone, cross-bedded. . ... ... ..o it iaiii i i 6
Shale, carbonaceous, with bony coal................ .0 s 7
Sandstone, cross-bedded, shaly partings.................... 12
Shale, carbonaceous. Palm horizon.............oviiiiiae, 4
Sandstone, MassiVe: . . coueeruneninnet e, LAl 6
Sandstone and interbedded massive shale.................. 15
Coal, bony. Palm horizon........... et et e v e e 2
Sandstone, cross-bedded, very lenticular.................... 6
Shale with carbonaceous Jayers.......c..oveecavnearassaasnn 4
Sandstone, cross-bedded. Shaly parting..................... 11
Shale, coaly. Palm horizom...............ccoeaciaiaonaades 0.3
s o 1 L IR Ty e T e B o T e R O K R 2
OO HBATI, s i b 5orelaas: & e veg et aw Saga sl 4 {nrare, wilurs i winie 0.2
Shale, MASEIVE. . ..o oo s vsrmriassasonnsaiairimsioideanssiras 3
CORLY: BOBYNc S3ivs fe s snls s aors biipto s v 0t st aidiarach londt rerviuivlone sl Simis 0.5
Sandstone, cross-bedded. Tree imprints................... 47
Shale and DOnY-CORL.....orrmeureuiiraenidys i diiaiaeioe. 2

Sandstone, cross-bedded...........voiiiiiiiiniiiiiiiinas 5
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Section along the east shore of S8amish Bay—~Continued

Top of Section. Thickness.
Feet,
St e e e S L S wa A e TR el b al B 1
Sandstone, ecross- bedded ...................... AR e s | 5
Sandstone and shale. Leaf horizon at | 7a] 1 e fe T P S O INE 6
SEr R R e P AL TSNl St s 0 ) 8
Shale with coaly seam and sa.ndstone ]ens .................. 8
Shale and interbedded sandstone.......................... 10
LB (L (T R ey S e e, e - LT T IR T 115
S Gl SUENOE i LN BRI s [ Do el I e S T 5
Sandstone, well-defined CropE-badding. ... .un sdion 10 ot v de o 12
T e e 7P, 10
Shale and shaly sandstone. ............00ovueresrnnonsnnn. g
Sl e Ry o e T e S e S W e 10
Sandstone, shaly, concretionary. .....i......ooveeuennonsonss 8
Sandstone, shaly, compact. Conchoidal fracture Coaly seam
G ) Al S S S R S s Al L B TR 12
Sandstone, massive, cross- bedded ......................... 12
81 ) O R e IR DI G R SO0 - eI ) D S 2
Shale and interbedded sandstone.................oov.un... 10
Binleiand) coalyrIayer . . a8, s S s S st 12
Sandstone, fine-grained, cross-bedded.............onornn... 8
Sandstone, shaly............... S e b e oL S e SR ol e 6
Goncenlad s i sl el B e S e 10
Sardutone,) Jnaastyar IR L b WG o L TR st A f 5
shale: “Palm Ror1Zot attbop. Joh i i i b e oo 7
Sandstone, shaly Partings........coveieveonneorsssssss tag 8
St Bl b ST G S RIS USSR s BT SIS LR 5
Sandstone, massive, slightly faulted...............vvverruu 60
Sandstone and interbedded coaly seams.............. AL 110
Shale, very carhonaceous, interbedded with sandstone...... 25
Shale and fine-grained sandstone....................us T oateid JUdEs
Sandstone, massive, cross-bedded............c.0uerinnnnnnns 30
Conglomerate, pebbles up to 2 inches in diameter composed
of subangular quartz and schist............. el 15
s e el e D ol 290
gandstonesmanstvay ot s laf oo ne LT B s el i) 110
T o B R e e R T8l ) St e 5
Sandstone, massive, poorly exposed.........oveeeevinennns 20
Soneealad il s in e i R AT 25, SO A 90
SANABLONG iy s stewie sl s wal e s Ve hreTr N e B £ el 10
ot 1 ICErane Griy i LR T A IR SR AT T, T e o A 140
BANAStOna, INASBIVE. -« 4 vs iate s e slb s 57 55 a s n o s ba ¥ aate b e 10
Shale, sandy, carbonaceous at top........covivvrnirvennnnens 40

Sandstone, massive, medium-grained, Contains some intra-
formational conglomerate or clay pebbles. Numerous im-
‘prints of wood at several horizons........ L 3 e P 1156

Shale, carbonaceous, and shaly sandstone................... 2

SaRgetonet ot T s e b e S chedbttnnnaatod i 4
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Section along the east shore of Samish Bay—Continued

Top of Section. Thickness.
Feet.

Sandstone, ShalY....c.eiieeisiasnnsssnegsessmnsonssassnses 6
Sandstone, massive and cross-bedded..... e a s s elesae 12
Shale, carbonaceous. Good leaf imprints.............c00enn 2
Sandstone. Contains imprints of wood...............0vnn 3
Y TR C e Al o g T T e LT R o e IR A d, T 0.5
Sandstone, massive, medium-grained.......... AR LR P AL 30
Shale, carbonaceous. Contains well-defined leaves and thin

coaly layers......voeveen S ey et A €T T M el PALIT 2 4
Shale, sandy with interbedded fine-grained sandstone........ 10
Sandstone, eross-bedded.......oeveariiarranarerrenariarenes 1
Shale, sandy, thin-bedded, with some shaly sandstone...... 4
Shale, fine-grained, compact, conchoidal fracture........... 3
Sandstone, fine-grained, much cross-bedded................. 15
Shale, thin-bedded. Contains distinct imprints of palms and

TOTIV R o ol bty fa d mrechs 7 oTa o AT o ralal’s /8 W Wil span 2hs (Bt ot pintesle inse ala Kol 1
Sandstone, coarse, with pebble layers and lens of sandy shale.

Irregular bedding......covvenrneanrresnaariviasasnanes 10
Shale, bluish-gray. Interbedded sandy shale............... . 4
Concealed. Probably mostly shale...........cocoveiienns I L 1))
Sandstone, massive, buff-colored.......covuviiiniiarraarans 8
Shale, sandy, with ferns and stem imprints................ 6
Shale, CATDONACEOUS. . cevvvsvrrnreratssssaaassasrassroanses 0.3
Sandstone, 8haly, Sray....veeeeeevintonsncsaassarancronans 4
Sandstone, massive, buff-colored.......... ... coviivriinaans 6
Shale, well-bedded. Fragments of carbonized WOOD s oo vistalnmeie 2
Shale, sandy, compact, conchoidal fracture................. 12
Sandstone, shaly. Contains fossil leaves...........ovvevees 7
Shale, BANAY . cccosvesssessssansocssonsscnvroasasssanoaass 4
Sandstone, MAaSSIVE. .. vevrrnnnmennserassrrseriasnaiensaans 12
CoNCeAlEA s n o aties sarmivinls aan @itia/sianie s wathe s b binisa s brysasisiesin ey 200
Unconformity 9,484
Schist ;

The highway along the west side of Lake Whatcom exposes
over 6,000 feet of the lower part of the Chuckanut- formation.
The highest exposed members, stratigraphically, are those at
Lake Louise, near the center of the west line of sec. 8, T. 27 N,,
R. 4 E. Exposures are very scarce beyond these and are prob-
ably involved in a fold. The bottom 1,950 feet of the section is
concealed, and that thickness and the position of the schist con-
tact is estimated from topographic features and structural data
obtained near the actual contact to the west of the measured
section. The lowest exposure is on the highway above the north-
west shore of South Bay of Lake Whatcom.
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Section from South Bay to Lake Louise, along Lake Whatcom

Top of Section. Thickness.
Feet.
Sandstone, weathered, buff, medinm-grained................ 50

Conglomerate, massive. Pebbles 1 to 2 inches in diameter, well-
rounded, igneous and metamorphic. Arkosic groundmass.
Few layers and irregular masses of interbedded sandstone. 80

Concealed. Chiefly coarse weathered sandstone, some fine

ConzIotieritel) s dbat il ra. L L L A e T A 820
Sandstone with shaly phases, some pebble lenses and intra-

formational conglomerate. Greatly weathered............ 230
0t T ST Rt s T, e S 201 B = S £ 170
Sandstone, shaly, thin-bedded, with gray laminated sandy shale,

carbonaceous layers, arkosic in part...................... 227
Sandstone, fine to medium-grained, well-cemented, platy....... 50
Shale, fissile, sandy, dark-gray, carbonaceous................ 10
Sandstone, fine-grained, generally massive. Some coaly frag-

1 LR T RS T S s e AP M o il B QR 222
Concealed, mostly shaly sandstone.......................... 80
(Gl % Ler A MU Ak i e TR e VBRI L G, S ATEL 80
Sandstone, very shaly, thin-bedded. Leaf imprinte. .. 0. L0 115
Concealed, mostly shaly sandstone.......................... 30
Sandstone, weathered, buff, massive, well-cemented. .......... 108
Sandstone, shaly, fine-grained, weathered.................... 11
Shale, dark-gray, carbonaceous........ .... 0 0 0ueii o nes 2
Sandstone, fine-grained............ i o Tl I Y By ) 8
Shale, sandy, carbonaceous, dark-grayv........................ 1
Sandstone, fine-grained, shaly.............c.ovrriinmrnunni.l 9
Shale, very sandy, dark-gray, carbonaceous. .................. 9
Sandstone, thin-bedded, fine-grained......................... 10
Shale, sandy, fissile, carbonaceous, dark-gray................. 7
Sandstone, fine-grained, some shalé...................ooo.o. .. 11
SHAIC Ban Y, QRFEBTAT . .o 2k covamiisidonts o A bl =s bl 9
Sandstone, shaly......... LAl P | st L 5 o T o 45
Shale; sandy; Weathereds s ot se 2o iy vyins 28 cmie e s L 5
Sandstone, shaly, weathered............o0o0euiinniinensnrnnlts 2b
Sandstone, massive, medium-grained......................... 15
e L Ay T R e | S et 50
Sandstone, fairly well cemented, medium to coarse-grained,

cross-bedded. Planes in part contorted.................. 69
Sandstone, shaly, soft, thin-bedded........................... 84
Sandstone, soft, thinly foliated. Slight small-scale cross-bedding.

Wadthered buff:, Gireliatolsna as o il e wiey JELEER 43
Shale, very sandy, thin-bedded..............c0oiovenrnroneoiin. 18
Coneesledd . SN Sle L e SR Al T 42
Sandstone, massive, coarse. Small-scale cross-bedding......... 40
onesatad b0 to LR e A e S e 18
SRR On0; ARSIV CORTRO T L, - 1 1 vt o e By o L0 R 25
Comeelbd i riuinl an shteriel s s Ll Rl e B i P 4
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Section from South Bay to Lake Louwise, along Lake Whatcom—Continued

Top of Section. Thickness.
Feet,
Sandstone, massive, fine-grained, hard................c0nuunn 9
Shale, sandy, fine-grained, bluish-gray...........c.covvvuunnns 10
Sandstone, fine-grained, bluish-gray, thin-bedded to massive.... 17
Sandstone and shale, thin-bedded............cooiiiiiinn.s 10
Shale, sandy, dark-gray, carbonaceous....... g e G SRR F 1 3
Sandstone, fine-grained, wavy bedding............ccoiiiiians 4
Shale, sandy, dark-gray, carbonaceous. Contains leaves....... 5
Sandstone, medium-grained, massive, well-cemented........... 46
Shale, carbonaceous. Excellent leaf imprints................. 1
Sandstone, wavy bedding planes........cecvvvivenirnirennians 5
Bhale; sandy, AoPE BTV el vt et b thes e o sim ey (e b Sack eln e 2
Sandstone, medium-grained, massive......... ..o it 4
Shale, dark-gray to black. Containg leaves...........covuuenns 10
Sandstone, thin-bedded, banded...........coiviiivnrnnarnnnns 10
Shale, sandy, carbonaceous, dark-gray.........eceveeeeansos 8
ST TN o ) et ] 1 Rt OIS SR R e s I 5
Br Vs o) B PRt e i e s A M) SRt o AR S S S g b A 140
Sandstone, coarse, banded, weathered light-buff............... 20
Sandstone; thin-bedded, PIALY ... i eiieaesrasainssssisssis 18
Sandstone, massive, coarse, well-cemented, hard.............. 23
Sandstone, thin-bedded, soft, fine-grained, wavy............... 40
Shale, fine. Contains coaly matter.............cviiiiiniaeass 1
Sandstone; Bofl, BrAY .. i i i s s e e s s e 2
Shale, sandy, fine. Contorted bedding............coviieiinnnn 4
Sandstone, fine-grained, shaly, thin-bedded. Contorted bedding
) Fohi o S e e e P e e I e e Ao B o N 8 £ U Rt s 104
Concealed ...... L ot A 205
Sandstone, fine-grained to coarse, gray, arkosic. Includes 2
feet hard shale with 1eaVes. ... e ineinermesisnienvians 55
OB a0 T e e oo s e e el Il b A e . 100
Sandstone, generally coarse, arkosic. Some fine-grained and
shaly. Coaly layers near middle.............coiiieuinnns 220
Goneealad Lo el e Lt I U e Lt R e 50
Sandetone; conrEe; RPEOBIC. <.\ o v a vl vt vanstd e s i e e 12
617 Te 1 [ AR MR e e S e s S N O P e st 90
Sandstone, rather coarse, bluish-gray, arkosic...........c00... 110
B 1YY LT A S o e P L e PSR T A i 136
Sandstone, in part thin-bedded and shaly. Gray to dark bluish-
gray. Generally fine and slightly crossed-bedded.......... 75
Shale, fissile, very carbonaceous...........cvvviivuvanivinase 1
LT Ay e g e o Y bR S Sl R R S R e il S e 41
Shale, thin-bedded, sandy, dark-g8ray..........coovviviaveranns 4
Sandstone] Very SNALY, EERY . -« 1k s i it viemrrstsmiaiivsh wis e g i 5
Shale, sandy, dark-blue, ¢arbonaceous....... ... ..ieuunnnnn 17
Sandstone, fine-grained, thin-bedded............c.ccoiiiiinnann 1
Shale, sandy, dark bluish-gray, carbonaceous................. 9

AN bl B e O MV D A e L A LAV Vs D0 0 Cre O s ol e ot - 100
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Bection from Souih Bay to Lake Louise, along Lake Whatcom—Continued

Top of Section. Thickness.
Feet.
Sandstone, medium-grained, bluish-gray, well-cemented. Top
dasthinsboddediandaDlaly. (1. L il Lo e dhs S rs it b s s 59
Sandstone, generally very shaly, dark bluish-gray............. 95
Sandstone, fine-grained; in part shaly..........covvveurnnnn. " 95
SronceRlad | et orar ol L e d S U A S, S 230
Sandstone, shaly, in part very thin-bedded. Contains carbona-
CEDINE TI Y ODE G4 ooty e oo 5 i) acea s 5w SwaTa e 5 a1 155
Sandstone, massive, BIMISH-ETaY . ...ccviverrernrneeeerersoass 30
Sandstone, shaly, thin-bedded; in part platy, buff............. 45
Sandstone, massive, medium-grained, bluish-gray............. 70
Sandstone, shaly, alternating with sandy shale; gray to dark-
gray thinbedded oot s va il e diele i et 165
Sandy shale and shaly ‘sandstone. Abundant leaves and palm
oA Ry T ARTE-ETB Y i s o2 il et Tem e i e 93
Sandstone, medium-grained, gray, massive.........coevvuunnn 14
Shale, sandy, carbonaceous. Contains stems and leaves....... 10
Sandstone, medium-grained, massive. ...........uovernnnnnnnnn 7
Shale sandy, darl-BIUe. . . u e % b s v aivane @ s i e e tlie s S )
Sandstone; Aneerained, Lok bl Ll I L e 6
ERAI0 GERNAY, (AATH-BTAY e s s Pipea O s M s e i s et & o ais 6
Sandstone, fine-grained, bluish-gray.........ccoviiviinnnnnnnn 13
Shale, sandy with shaly sandstone. Dark-gray................ 9
Sandstone, thin-bedded, fine-grained..............ccvvuunrenn 20
Shale, sandy, partly concealed.........oveviveenneennnnsennns 20
Sandstone, medium-grained, hard, massive.........oouun.n... 56
Sandstone, partly concealed............ccovuiirinnneriiinnnnnn 25
Sandstone, thin-bedded. Partly shaly...........coovunvunrnnnn 55
Shale, dark-gray, carbonaceous. Some sandstone.............. 12
Sandstone, medium-grained, massive..........covverniannannn 14
Shale, very sandy, dark-gray............. L ALY et o T 12
Sandstone, fine-grained, thin-bedded............covevnveunnnn 20
Sandstone, shaly. Partly concealed...........covevivunnnnnns 25
Sandstone, fine-grained, bluish-gray. Contorted bedding...... 24
Shale, sandy, dark-blue, carbonaceols. ....vevvvrineernnsnnns 8
Sandstone, massive, fine-grained.........ccciiviiiniiiininnann ki
Sandstone, shaly; and sandy shale, partly carbonaceous....... 49
Sandstone, medium-grained, gray, fairly hard................ 30
Sandstone, well-cemented, softer toward top............c.u.u.. 24
Sandstone, very shaly, dark bluish-8ray........vovuvervaenees 3
Sandstone, gray, medium-grained.........ccciciiiiiiininnn. 8
Sandstone, dark bluish-gray. Partly very shaly............ UML)
Sandstone, medium to coarse, bluish-gray.............cevu... 14
Shale, sandy and sandstone, shaly, gray, carbonaceous........ 35
a3 (0 () |t S SR s e P e i e At e o S b2
Sandstone, massive, COATEE, BTAY .. ....vivusssrensanannanas iyl S A
e A Lo Bt ORI B U SRR TSI 0 o, &5 SY RNl s ianae § b

Sandstone, bluish-gray, medium to coarse-grained. Contains
lenses of fine conglomerate and fragmental coal........... 67



of Western Whatcom County 23

Section from South Bay to Lake Louise, along Lake Whatcom—Continued

Top of Section. Thickness.

Feet.
Concealed. Partly soft coarse-grained sandstome.............. 70
Sandstone, shaly, fine-grained. Partly thin-bedded............ 32
Sandstone, shaly, thin-bedded, dark-gray, carbonaceous........ 7
Sandstone, medium-grained......... . v ool vi s veeiies 13
[y e e b i S e L A e LI e e 24
Sandstone; ahaly, Dluolshagray.in i s fain vininhin e saiseie i
Sandstons, MARNIVe, (CORPEB L« oo e visvis sen s sl b slo g ais7s o srath 27
) e T e S S i M EETE 21
Sandstone, coarse, massive, bluish-gray........cooevnieiieneiaes 30
Sandstone, coarse. Contains irregularly placed coaly fragments 3
Sandatone s With! narts DobDIOH. . . c.vo v cimmaliiind cid b6 o b nsssien 2
Sandstone, massive, gray, medium to coarse-grained.......... 12
Sandstone, massive, fine-grained, gray........ccociieiiiiniaan 12
Sandstone and thin-bedded sandy shale, alternating........... 14
Sandstone, thin-bedded, cross-bedded, fine-grained............. 9
Shale, sandy, dark-gray. Contorted bedding.................. 5
Sandstone, massive, medium-grained, buff.................... 8
Sandstone, shaly, thin-bedded, platy............ciiviiien... 3
Handstone, Ane-grained, BTAY - ... o avanessns sy is sy 3
Shale, Dlulsh-gray, SanAY . @i suesasas s iios oinias s slslsnvass 1.
Sandstone, fine-grained, thin-bedded................... ..t 4
Sandstone, shaly, very thin-bedded, dark-gray................ 9
Sandstone, thin-bedded, fine-grained...............ccoiiiein. 4
Shale, sandy, dark-Blue. ... ..o cviseteiiinnsacinanesssnisasese 4
Sandstone, gray, medium-grained, massive................... 7
Shale; blue, SAIEY. ales il alsaleiaiss sy aac s eres s &iia e w50 5 stonisiniats 6
Sandstone, fine-grained, thin-bedded.............. .. ...t 6
Shale, sandy, dark-gray, carbonaceous. ........ooveveinsessans 4
Sandstone, medium-grained...........ciiiiiiiiiiiiiii i 8
Shale, sandy, carbonaceous. Contains leaf imprints........... 5
Sandstone, massive, fine-grained, well-cemented.............. 38
Sandstone, shaly, thin-bedded...........ccsivviviacisvnmaiaaas 4
Gondaealel: . ot A A T L TR G Le fale SR I o e 1,950
Unconformity 8,719
Schist

Thickness.—Strata totalling 8,669 feet were measured from
the basal conglomerate of the Chuckanut to the top of the mas-
sive conglomerate exposed at Lake Louise. To this may be
added 1,750 feet lying above that conglomerate and measured
in the vicinity of Wildeat Cove. Above this are the strata con-
taining the Bellingham Coal bed and the other beds encountered
in drill holes and opened in mines north of the mountainous
region, and probably some 1,550 feet lying above the main Bel-
lingham coal.
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Jenkins,! on structural data and an assumed correlation of
certain coal beds, estimated the thickness to be about 12,000
feet. The strata are too involved in folding and cross-folding
to permit obtaining accurate information above the measured
sections ; while the discontinuity of beds along the strike makes
long-distance correlation very uncertain, particularly on beds
as variable as the coals in this area. There is a known thick-
ness of over 10,000 feet; and it is thought, on the basis of such
inferences as may be drawn from field and drill-hole evidence,
that the probable total thickness is in excess of 16,000 feet.

Age—No fossils of the animal life of the time have been
found in the Chuckanut formation, so the age of these rocks
must be determined on the evidence of fossil leaves and other
plant forms found so abundantly in the series. Karlier writers
have worked on this material and typical collections have been
made. Knowlton studied collections submitted by Henry
Landes, of the University of Washington, and placed the beds
in the Eocene Period of the Tertiary and correlated them ten-
tatively with the coal-bearing Eocene beds of King County.

PLEISTOCENE DEPOSITS

Unconformably overlying the Eocene rocks are horizontally-
bedded unconsolidated gravels, bouldery and pebbly clays, soft
clays, and sand. These are directly or indirectly of glacial
origin,

The pebbly clay or ‘‘till’’ is a heterogenecous mixture of
clay and sand with pebbles and boulders, that is sometimes
called ‘“hard pan’’ or boulder-clay. It is the unassorted burden
that is transported by ice and laid down without particular
change when the glacial ice melts. The other sediments are
water-assorted and occur, usually, as well-stratified beds of
various thickness with well-marked junctures between the sev-
eral textural types.

The sands are usually rather free from clay and are com-
posed mainly of quartz grains with lesser amounts of other
minerals and rock fragments. These beds carry ground water,
if not enclosed in clay, and are the members sought in drilling
for water in the Bellingham area. The assorted gravel beds
also carry water as a rule.

The clays that occur interbedded with the assorted sands
and gravels are dark bluish-gray in color when damp and un-

*Jenkins, O. P., op. cit., pp. 47-49.
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weathered. They may contain various amounts of sand but
generally are rather free from any gritty material except very
fine silt. The less sandy phases are soft and very plastic or
unctuous when damp. They contain considerable iron oxide
and so weather to various shades of yellow. Such clays are
impervious to water, and, as far as they extend, confine ground
water to the sandy or gravelly beds that may be above or be-
low them.

All of these glacial or aqueo-glacial sediments change greatly
along the strike of the beds, and usually they are decidedly
lenticular. A bed of sand may become increasingly clayey until
that characteristic predominates, or well-assorted gravel may
verge through a transitional stage into well-assorted sand. Any
of these materials may become thinner until the particular bed
tapers off, and in such a case the bed may be completely sur-
rounded by sediment of a different kind with sharp boundaries
between them.

Marine fossils are unknown in the underlying Chuckanut
formation, but these upper unconsolidated sediments were
partly, if not wholly, laid down in marine water and contain,
in places, abundant shells and shell fragments.

Because of the great changes of conditions during the period
of deposition, changes that were local in character, it is not pos-
sible to make any but the most general correlation of beds from
place to place. This is illustrated by the following three sec-
tions taken from exposures in the bluff along the shore of Bel-
lingham Bay at locations approximately a quarter of a mile
apart.
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Section from bluff northwest of Bellingham
in the NW. % sec. 23, T. 88 N, R. 2 E.

Eleva- | Thick- MATERIAL | Qondition

tion | ness Structure o Age

Deposition

Feet: | Feet

81 lieees...| Boll
........ 10 Mixed and irregular beds of Roughly Outwash Post-glacial

gravel and sand stratified

W 40 Sueecession of sand and clay Stratified As sediments in marine | Inter-glacial

beds of variable thickness water
a7 8 Clay, yellow and blue do. do. Do.
34 [ Sand do. do. Do.
28 1 Clay, with sand interbeds do. do. Do.
27 5 | Sand do. do. Do.
22 1 Clay do. do. Do.
21 18 Sand do. do. Do.

3 3 Bluish-gray pebbly plastic clay | Unstratified| By ice as a till in First Glacial
contalning Pectens and other marine water advance
shells in upper one foot. In (Admiralty)
100 feet laterally toward the
southeast this bed thickens
to 80 feet

ssssess.| Base
con-
cealed

Bea
Level
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Section from bluff northwest of Bellingham
in the NE. % sec. 22, T. 38 N, R. 2 E.

Eleva- | Thick- MATERIAL | Condition
tion | ness | Structure of Age
Deposition
Feet | Feet
102 Bluish-gray, pebbly plastie Unstratified | Deposited by ice Last Glacial
35+ clay containing abundant ma- epoch
rine ghells near base. Sandy | (Vashon)
at top. |
1
a7 Clay, silt, sand, grit, and | Stratified | Deposited in marine Inter-glacial
gravel, Clay and grit pre- |  water
20 dominate. A grit member |
from 1 to 2 feet thick near
base contalns mumerous shells
(Leda, Pecten, and Cardium).|
47 12 Sand with clay balls Well-bedded do. Do.
35 10 Oross-bedded and contorted | Stratifled As gediments in ma- Do.
sand containing clay masses rine water. Possibly
that have been squeezed by over-ridden by fce in
overlying sediments or ice. later advance
Bome aligned pebbles.
25 5 |Sand, fine Well-bedded | Marine Do.
é’f 20 Sand, brown | Well-bedded do. Do.
£
Level [
Section from bluff northwest of Bellingham
in the SE. 14 sec. 15, T. 38 N., R. 2 H.
Eleva- | Thick- MATERIAL Condition
tion | ness Structure of Age
Deposition
Feet | Feet
65 1 Boil
64 6 Clay, sandy, jointed, yellow, | Stratifled Quiet water
containing fine sand partings
58 16 Sand, fine and coarse. In- do. By streams in fairly Alluvium
cludes clay lenses up to 4 feet shallow water. Chang-
thick ing currents
42 1.5 | Clay,blue, plastic do. do.
40.5 T Sand, 1-inch clay partings do. do. Inter-glacial
30.5 8 Sand, fine, horizontally bed- | Lower sur- (Influenced by changing Do.
ded. Contains balls of clay face uneven currents !
i 15 Clay, smooth, unctuous. | Stratified Marine Do.
Sandy partings on bedding
planes
16.5 1.5 | Clayey sand do. Do.
15 15 Sand, gray, medium-grain Evenly do. Do.
Sea stratified
Level
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RECENT DEFPOSITS

Recent deposits of silty clay, sand, and some fine gravel
have been laid down on the Pleistocene sediments. They are
flood-plain deposits of Nooksack River and make up the wide
flats that border that stream and extend westward into the
vicinity of Birch Bay.

On these river flats are isolated, rounded and elongated
knobs or hills, rising 20 to 60 feet above the level of the sur-
rounding plains, and forming marked breaks in the general
topography. They are composed of poorly to well-assorted
sands, usually stained to some shade of yellow, and contain
lenses and layers of fine gravel. They represent older terrace
and possibly some beach deposits that have been mostly removed
by erosion which has left these as remnants.

THICKNESS OF PLEISTOCENE AND RECENT SEDIMENTS

The continental ice sheet overrode the whole area, over-
topping the highest hills, and left a cover of ground moraine on
the older rocks. The bedrock surface was very uneven, so the
original depressions had thick accumulations, and areas of
greater elevation had only a thin cover or none at all. Later
erosion has modified and removed much of this till, so large
areas are devoid of any Pleistocene materials except in pro-
tected places. To add to the variety of the surface covering,
recessional moraines were piled up in several places by the re-
treating glacier, and it is in such places that the bedrock is
most deeply covered.

The Recent alluvium and terrace deposits occupy areas where
some of the Pleistocene sediments have been removed by river
erosion; so, by taking the place of the older sediments, they
do not add to the total thickness of surface materials.

Bedrock outerops in very few places in the northern part
of the area, although in part of this region the cover is known
to be relatively thin. This information is based on drill-hole
records, and it is at times very difficult to decide from these
logs just where the bottom of the Pleistocene deposits lies.
Thicknesses of 325 feet, 390 feet, 280 feet, and 200 feet have been
logged with apparent aceurracy in different holes between Bel-
lingham and Ferndale.

Northwest of Ferndale the cover is much thicker, and as
much as 595 and 615 feet is recorded. In the vicinity of Birch
Bay the overburden probably is not over 200 feet thick. The
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cover for several miles west of Goshen is known to be thin,
sinee bedrock outerops at several widely separated places. Con-
ditions are unknown in the northern and northeastern part of
the area, but it is not thought that Pleistocene and Recent de-
posits extend to more than 100 or 150 feet below sea level.

IGNEOUS ROCKS

No igneous rocks are known to occur in the area, although
a few isolated outerops are found on the borders of the region
investigated. These are basic types on the order of andesite
with some dioritic phases. It is thought that more detailed
study would show even these to be associated with the under-
lying formations and so of earlier age than the Chuckanut.

STRUCTURE

A great structural upwarp extends across the Cascade
Range, through eastern Snohomish County, western Skagit
County, the San Juan Islands, and into Vancouver Island. It
has been mentioned by Willis! and Weaver? as being a feature
incidental to the Cascade Mountain uplift and as being the origin
of the Entiat Range as well as those lower but very pronounced
topographic forms found to the northwest. As a result of this
regional upwarping, the Focene rocks and underlying schists
of western Whatecom County have been raised and folded. Pro-
longed erosion has removed the later sediments from the main
axis of the upwarp, exposing the metamorphic rocks over large
areas, and has cut deeply into these lower rocks. The Chucka-
nut formation in the area covered by this investigation lies on
the northeast flank of this main uplift and shows the results
. of the general elevation and folding.

The principal folds trend in a general northwest direction.
This effect, however, is complicated by transverse folding, and
the main axes are curved and bent in various directions. As
might be expected, particularly in the south part of the area,
the structures plunge to the northwest.

The inclination, or dip, of the folded strata is rather steep
throughout. Angles as low as 10° were noted but most of the

1Willis, Bailey, Physiography and deformation of the Wenatchee-Chelan dis-
trict Cascade Range: U. 8. Geol. Survey, Prof. Paper 19, p. 90, 1903,

"Weaver, Chas. E., The Tertiary formations of Western Washington: Wash.
Geol. Survey, Bull. 13, p. 245, 1916,
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readings, taken on scores of outerops, ranged from 20° to 60°.
In a few places, as near the schist contact in the south part of
the area, very close minor folding oceurs, with angles of dip
up to 90°. Slight overturning of the steep beds shows in three
places: along Chuckanut Drive in the SE. 14 seec. 36, T. 37 N.,
R. 2 E.; in Samish Lake vicinity, near the west center sec. 23;
and near the north center sec. 25, T. 37 N., R. 3 E. The sharp-
ness of some of the folding is well shown above Reed Lake,
near the north center sec. 30, T. 37 N, R. 4 E., where, in a space
of a few feet, the beds with a strike of N. 40° W., 85° SW. are
bent over to N. 24° K., 24° NW.

The structural features are given on the accompanying map
(P1. I). The names applied to the anticlines and synclines are,
with some modification, those used by Jenkins® in his study of
the coals of the region, but some changes have been made in
the position and trend of the folds. The symbols representing
the strike and dip of the strata are put on the map for two pur-
poses. They show the steepness of the dipping beds and the
general attitude upon which the position of the axes is based,
and they also give the geographic position of outerops where
data have been obtained and where further studies may be made.

FOLDS

Chuckanut anticline follows a sinuous line from South Bel-
lingham toward Samish Lake, while a south branch trends along
Chuckanut Mountain to the schist contact. It is bordered on
the west by Chuckanut syncline, and a short syncline lies be-
tween the north and south branches. The dip of the beds is
very steep and their converging strike indicates a general plunge
of the structure to the northwest.

Lake Padden anticline lies north of Lake Padden and is
separated from Chuckanut anticline by a sharp syneline running
beneath the lake. This anticline extends for about four miles
from a merging of two synclines to the southeast to a similar
merging to the northwest. The beds dip rather steeply, but
not as much so as in some of the other structures. KExcept for
one place where 60° was recorded, all dips are under 30°, some
as low as 5°. '

Lookout Mountain anticline is the principal structural fea-
ture of the area. It extends the whole length of the mountain,
a distance of eight miles or so, and continues to the north for

3Jenkins, O. P., op. cit,, PL. I
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three miles more, where it joins the King Mountain anticline.
The crest is broad with many minor transverse folds, and the
whole structure plunges rather steeply to the northwest. An
excellent view may be had of the exposed south end of the anti-
cline from Reed Lake. Here, eroded strata of sandstone and
sandy shales, over 2,500 feet thick, crop out, layer upon layer,
to the top of the mountain. The section measured from South
Bay to Lake Louise was obtained from the steeply dipping beds
of this fold.

Northeast of Lookout Mountain anticline is Lake Whatcom
syncline, which trends many miles to the north and there cuts
between King and Squalicnm Mountain anticlines. To the east
of this syneline are the sharply folded strata of Anderson Moun-
tain, where details of structure have not been worked out due
to the complexity of folding, the inaccessible nature of the re-
gion, and the fact that it has but little possibility of oil or gas.

King Mountain anticline is a structure that is well defined
in part by outcrops. Just north of the west end of the axis, in
King Mountain, the strata have dips of about 50°, with one
exposure showing as much as 72°; elsewhere the dips are more
moderate and range between 10° and 55°. The axis is shown
to trend about 4 miles from the enveloping branching syncline
at the north end of Lake Whatcom to King Mountain; it may
be projected to the northwest into the vicinity of Ferndale, but
there is no evidence available at this time as to such continua-
tion. Well-kept drill records should show whether the struc-
ture continues, turns to some other course, or flattens out beyond
King Mountain.

Bellingham basin is a broad, shallow synclinal trough which
lies in a curve of the Lookout Mountain-King Mountain anti-
clines. It underlies the city of Bellingham and contains the
principal coal bed of the area, that mined by the Bellingham
(loal Mines Company. In general, the strata forming the basin
have moderate dips of 10° to 20°, but they steepen to as much
as 62° in some places. The basin trends to the southwest and
has a gentle plunge in that direction.

Squalicum anticline trends through Squalicum Mountain and
into Anderson Mountain just north of Olsen Creek. It has a
component, called Anderson Creek anticline, which extends to
the north between the two mountains and curves to the east up
Anderson Creek. The crest is broad and more dome-like than
some of the structures, although the subsurface shape must be
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very irregular. The dips, for the most part, are moderate ; they
generally range between 4° and 20° with considerable steepening
at the north and west ends of the structure.

The Goshen anticline is the northernmost structure of which
there is any evidence. The few exposures available through
the concealing Pleistocene mantle indicate a broad dome-like
anticline whose longer axis trends northerly for four miles or
so. The strata dip at low angles from 3° to 8°. One exposure
to the northeast, possibly a mile and one-half from the axis,
has a dip of 22°.

The structure under the Pleistocene sediments to the north
and northwest in the area is entirely unknown. As there is a
general northwest trend for most of the principal folding, it
may be assumed that strata there will also maintain that trend.
Where the axes lie or what transverse folding may oceur can-
not be predicted at this time. The amount of folding and the
inclination of the beds is also unknown; but, on the very un-
certain premises of distance from the major folding and the
dips of the farthest west and north exposures, it is believed
that broader structural forms and more moderate dips will pre-
vail. In this connection it would be well to mention that the
prominent hills west of Ferndale and those just south of the
international boundary, together with those lying along the
coast, are strictly features of the Pleistocene overburden and
appear to bear no relation to the structure of the deeply buried
Chuckanut formation. This same situation holds true for all
other mounds, knobs, and hills north of Bellingham and west
of the outerops of King Mountain and Goshen anticlines.

FAULTS

Faulting is apparently not a pronounced feature of the strue-
tural conditions here. A few faults were seen but none of these
showed a displacement of over a few feet. The examples most
easily seen occur in the outerops along the beach of Lummi
Island. A certain amount of slipping and faulting has taken
place near the schist contact, particularly in regions of steep
folding.

GEOLOGIC HISTORY

Rocks of Paleozoic and Mesozoic age of many kinds, both
sedimentary and igneous, had come into existence in western
Whatecom County and adjacent areas before Tertiary time. By
the beginning of Hocene time, the first period of the Tertiary
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era, these rocks had been metamorphosed to schists, slates,
quartzites and greenstones and had undergone prolonged ero-
sion. At that time most of the Pacific Coast region was of very
low relief, but it was still a land area. To account for the type
of sedimentation of the following period, greater relief must
be assumed for fhe northern part, but the present Cascade
Mountains were not in existence.

During Eocene time the land was lowered slightly and ex-
tensive bodies of shallow fresh water formed over this and ad-
jacent areas. These lakes and swampy regions extended far to
the east and may have been more or less continuous with similar
bodies of water over what is now part of eastern Washington.
They were not connected with the sea and were probably sep-
arated from the embayments then oceupying a large part of
western and southwestern Washington.

Streams brought into these lakes a great amount of gravel
and rock fragments from the higher regions on their borders
and thus built up the great thickness of basal conglomerate
that is exposed in many places today. The lakes were filled
‘and became swampy, and in these accumulated the remains of
the vegetation growing there. That the climate was tropical
or at least subtropical is shown by different leaf forms and by
the palm fronds now preserved as fossils from the life of that
time. These early swamps are represented by the coal found
now at Blue Canyon and in the Glacier coal field to the east.

For a long period of time following this the land was slowly
depressed and the lakes deepened. The erosion of the land was
slower, due, probably, to the more broken and softer surface
having been already stripped off to make up the basal gravel
beds. So finer sediments, consisting of sands and sandy clays,
accumulated; and, when the depressive action temporarily
stopped, the lakes began to fill and again became swampy, and
at such times deposits of swamp vegetation again formed.

The lateral variation of sediments along the strike of the
same bed, together with the eross-bedding and occasional poor
assorting, all point toward shallow-water deposits and locally
different conditions of deposition. Some of the beds contain
very coarse sand and fine conglomerate, and these were probably
formed, in part, as subaerial deposits built up and distributed
by torrential streams in piedmont areas.

This process continued intermittently until over 16,000 feet
of sediments now making up the Chuckanut formation had ac-
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cumulated, including many thick beds of plant remains. The
only notable break in the sequence was after some 8,000 feet
of beds had formed, when an uplifted bordering land surface
furnished the coarse gravel that was carried by streams and
spread over the finer sediments already present. This gravel
is now the Lake Louise conglomerate.

By the close of Eocene time the lakes and swamps had filled
with sediments or were drained. Apparently for the rest of
Tertiary time the area remained land; no traces of other de-
posits have been found. It was during this time that Hocene
sediments were being consolidated by pressure and the infiltra-
tion of cementing materials and possibly were being moderately
folded.

At the close of the Tertiary time, or a little earlier, great
diastrophic movements took place that resulted in the uplifting
of the present Cascade Range and the forming of the northwest-
extending upwarp that lies just south of Whatecom County. Co-
incident with this, the sediments were folded and tilted to their
present attitude.

A long period of erosion followed, during which time the
rocks of the Chuckanut formation were deeply eroded and the
present topographic forms were outlined. This sculpturing was
more or less directed by the folds the rocks had assumed, but
the differential hardness of the various strata determined the
general shapes the hills and valleys now have. The area of
greatest uplift to the south suffered the greatest erosion, re-
sulting in the Chuckanut formation being stripped entirely off
large areas with consequent deep dissection of the underlying
rocks.

In common with northern United States, this region shared
in the changing climate which became steadily colder during
late Tertiary time, reaching a maximum in the Pleistocene. Al-
though it may not have been very much colder than now, con-
ditions permitted the accumulation of vast quantities of snow.
This resulted in the formation of a continental ice sheet, a
tongue of which flowed over western Whatcom County to occupy
a considerable part of the Puget Sound depression. The ice
aided in carving and modifying the topography, and on its re-
treat left a deposit of glacial drift made up of mixed gravel,
sand, and clay over the bedrock.

After the ice began to melt back, much of the area was de-
pressed, and a marine embayment was formed to the northwest.



of Western Whatcom County 35

This is shown by shells of various marine invertebrates in the
upper part of the lower glacial till. The streams from the melt-
ing ice sorted and transported much of the glacial drift and de-
posited it in the marine water as beds of clay and sand with
occasional beds of gravel. In this way a thickness of well over
100 feet was built up. Shells of a marine fauna similar to that
of the present day accumulated in these strata. In some places
they are abundant, but in general conditions for sea life were
probably none too favorable.

After a long interval, a second ice sheet spread over the
region and the glaciation was repeated. This resulted in a new
layer of till on top of the interglacial sediments. Some tempo-
rary advances of the ice sheet, or a certain amount of water-
sorting of the later till during deposition, accounts for roughly
stratified sediments occurring within the upper till sheet.

The ice front retreated at a uniform rate except for short
periods when it remained essentially stationary. During such
periods the ground moraine took on the characteristics of a re-
cessional moraine. The Ferndale hills and those along the
boundary are instances of this. The last episode connected
with glaciation was the deposition of a relatively small amount
of outwash gravel on the present land surface by streams from
the melting ice working through the upper drift.

The land was uplifted after the last glacial period and the
streams eroded more actively. Nooksack River, probably with
the aid of Frazer River, temporarily flowing through here, cut
a wide valley in the Pleistocene deposits to its old outlets at
Birch Bay and Drayton Harbor, and to its present outlets at
Lummi and Bellingham bays. The latest subsidence of the
land caused the river to build up a wide flood plain of silts and
clays in these valleys.

There are some indications of a late marine flooding of the
area in the building of isolated beach and dune-like deposits.
If this oceurred at all, it must have been of very short duration
and have followed the formation of practically all of the present-
day topographic features.
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OIL AND GAS .
GENERAL CONDITIONS FOR PRODUCTION

Certain conditions are almost invariably present if gas, and
particularly oil, occur in commercial quantities. A source for
these products must be present in sediments, usually clays or
shales, in which are intombed the remains of the life of the time.
The shales were originally the muds laid down in shallow seas
and marine embayments and as delta deposits on the borders
of such waters. The organic material in them may consist of
animal remains ranging from those of the larger vertebrate
types down through all the invertebrates, such as clams and
snails, to the microscopic Formaninfera that swarm in such
seas. Plant remains, such as seaweeds, algae, and diatoms,
may be present as well as higher plant forms of the great coastal
marshes.

As such forms die, the organic substance is buried in the
ever-accumulating muds and by them is prevented from being
oxidized and the decomposition products dissipated. In time
these muds become the shales of sedimentary rock series. Chemi-
_ cal changes in the organic material take place with resulting
formation of petroliferous compounds.

The oil and gas tend to migrate gradually to adjacent porous
beds through the influence of ground water, the action of capil-
larity, and the squeezing and consolidating effects of earth pres-
sure and movement.

Finally, oil and gas accumulations, which may be of commer-
cial importance, must be concentrated in certain favorable por-
tions of the porous ‘‘reservoir’’ rocks where they are confined
by adjacent impervious strata. They are aided in this concen-
tration by the movement of ground water and by the difference
in specific gravity between the hydrocarbons and the associated
water. Long slopes of reservoir rocks naturally lead to upward
drainage of most of the oil and gas. The amount and pressure
of ground water is an important factor as is also the permea-
bility or percentage of connecting pore space in the rock itself.
Favorable locations for concentration may be of many kinds but
in most cases are inclined porous beds where the gas and oil
may rise to high levels without escape. The oil will usually be
concentrated just down the slope from the gas, and under it
will be the water. Rocks that are so folded as to dip in all
directions from a central area are called structural domes, and
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these make excellent traps for oil and gas. Anticlines, particu-
larly those with portions of their crest higher than the general
fold, are well suited to the accumulation of oil. Such forms
have always been most important among oil structures. A
marked change of dip in sloping strata, dipping porous beds
cut and sealed by faulting, textural changes in the reservoir
rocks, and many other circumstances and structural forms may
play important parts in causing oil or gas to be concentrated
in a given area.

CONDITIONS PREVAILING IN WESTERN WHATCOM COUNTY

When the criteria for commercial accumulations of oil and
gas are applied to western Whatcom County, it is found that
some features of the area are satisfactory and some are not.
The porous sandstones and conglomerates are present in almost
too prodigal amount. Some of these are eminently suitable for
carrying and storing either oil or gas in their interstices. In-
terbedded with the sandstones are impervious shales which could
confine the oil to the porous members. The strata have been
arched and folded into very well defined anticlines, some of
which are apparently well suited to hold any oil or gas that
might be present; and a few of these folds have a large gather-
ing area down the long slopes of the structures. Details of these
structures are given under the heading of, ‘‘Areas favorable
for testing.”’

A puzzling feature of the problem of the occurrence of oil
and gas in western Whatcom County is a source for petroleum
hydrocarbons. Marine or estuarine beds are lacking, and fossils
representing a form of life almost universally associated with
the source of oil and petroleum gas have not been found here.
Such a fauna exists in neighboring areas, for instance at Sucia
Island in the San Juan group; but there is no apparent con-
nection between the Chuckanut formation and these other beds,
and, besides, the latter in part were so metamorphosed prior
to the deposition of the Chuckanut beds as to destroy any oil
that they may have had.

Even though such sources are lacking, as seems to be the
case, there is still the possibility that oil may have been derived
from vegetal sources. Many coal seams from a few inches to 14
feet thick, as well as highly carbonaceous shales, are known.
They represent a luxuriant subtropical vegetation which flour-
ished for long periods and built up thick deposits of vegetal
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material. These were buried in the muds and clays of the time
and later were carbonized. This process would produce gas as
one product of the chemical change, but presumably it would
be largely marsh gas and not necessarily connected with petro-
lenm. Fresh water beds containing only vegetal remains
are ‘not known to have been the source of any commer-
cially important oil accumulation, although they may have been
partly instrumental in producing the petroleum of some fields.

Deep drilling here has invariably encountered salt water in
some of the porous rocks. If this represents flooding by sea
water after the strata were formed and folded, it would have
no bearing on the problem of origin and might be considered
as an unfavorable condition for accumulation. If it represents
water that was present and trapped when the sediments were
formed, it indicates that for a time, at least, marine conditions
prevailed and that certain zones of deposits might conceivably
be a real source for petroleum.

So far as gas alone is concerned, the situation is different.
An immense amount of gas has been generated in forming the
coals and carbonaceous shales and is still being generated, as
is shown by the very gassy condition of the mines of the region.
This gas, although not of petroleum origin is, nevertheless, a
natural gas which can hardly be distingunished from some ‘“dry”’
petroleum gases. It may have high-heating value and altogether
be an important commercial product. The conditions under
which commercial accumulations eould occur have been de-
seribed in the foregoing paragraphs, as they would in no way
differ from those pertaining to petroleum gas.

. OIL SEEPS

The presence of oil seeps in the area is not proof that com-
mercial amounts of oil are present; but they are important in
view of the predominance of fresh-water beds in the Chuckanut
series, suggesting the presence of some deposits capable of pro-
ducing oil. No natural seeps were seen by the writer, since
they usually show during the rainy months when the ground
water level is high; but reputable witnesses, who would not be
misled by films of iron oxide and iridescent vegetal scums on
stagnant pools, have reported many occurrences of escaping oil.

A seepage that has become quite notable oceurs at times at
Alabama and Orleans Streets in Bellingham, and oil, running
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probably into scores of gallons, has been taken from this place.
It is an amber-colored light oil of paraffin base lying between
kerosene and gasoline in specific gravity and has been strained
and used directly as motor fuel. It was found in pits and ditches
over a considerable aréa and was escaping through glacial drift.
Mr. H. E. Culver, Supervisor, Division of Geology, has seen this
seep when a large amount was being produced and has said
that it was apparently not derived from any artificial source.!

The writer has noted faint shows of oil rising with gas and
salt water from one old abandoned drill hole and has taken
small masses of inspissated wax-like oil from drill cuttings
brought up in the bailings from another well.

The buried remains of marine life in the Pleistocene sedi-
ments might have been the source of some of these rather high-
gravity seepages. Such substances could produce oil and no
doubt did, but the quantity would be small. Seeps known to
come from fissures in the Chuckanut formation are more im-
portant and a few such have been reported. If these can be
authenticated, they may be taken as a suggestion of larger
amounts occurring in favorable locations; however, an alterna-
tive interpretation considers these seepages as the produect of
local distillation of resins and fossil hydrocarbons in the under-
lying coals.

GAS OCCURRENCES

Gtas has been encountered in drilling for water and coal quite
generally throughout the area. It finally resulted in rather ex-
tensive prospecting in the hope of establishing commercial gas
fields, and this has met with considerable success. Five shallow
wells, from 132 feet to 200 feet deep, have production from
unconsolidated Pleistocene sands, and a few others showed gas
to exist in the underlying Chuckanut formation in what are
probably commercial quantities. Unfortunately, the latter wells,
through trouble with tools, casing, and water, could not be
placed in condition for production and had to be abandoned.
Essential data pertaining to those having production is given
here. Further details of these wells and logs of the formations
encountered are given under the head of ‘‘Records of drilling.”’

'Oral communication.
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Producing wells of the shallow gas field, siz miles north of Bellingham

‘ Capaecity; | Pressure;
Name LOCATION Depth cubie feet | pounds per
| perday cubie inch
‘ | 3,000,000
Whatecom No.1...| E. 3 cor. sec. 28, T. 30 N.,, R.2E............. 175 to 50
i 4,000,000
Chamber of |
Oommerce No.1. | NW.3;, SW. 1} NW. 1§, see. 27, T.30N,, R. 2 E| 171 900,000 27
|
Chamber of
Commerce No. 2..| SW.3{ SW.13, NW.1§ sec. 27, T. 28N, R.2E.| 172 1,250,000 28
Chamber of |
Commerce No. 4..| 8E. 3§ SW.3 NW.3 sec.27, T.39N., R.2 E,| 166 | 750,000 52
Hunter No. 1..... 8W. cor. NE. 1, SW.14 sec.27,T.39N., R.2 E.; 193 ‘ 5,000,000 70
|

No commercial use has been made of this gas up to the pres-
ent time (November, 1934); although it has been burned for
domestic purposes at nearby farms. However, a two-inch pipe
line is completed now to the County Farm and the metered flow,
figured against the maintained pressure, will allow some esti-
mate to be made of the probable life of wells being drawn upon.
This information is greatly needed since none of the wells has
been allowed to blow for a long enough time to ascertain how
the volume will stand up under use.

A tabulation of several gas analyses is included to give some
idea of the nature of this gas and with these for comparison
are given analyses of known petroleum, coal, and marsh gases
from other places. Some of the samples of the gas from wells
in this area were taken with care, and dependence can be placed
in the analyses; others probably are not so dependable. The
great variation in composition is the most striking feature. The
high nitrogen content of most of the samples suggests atmos-
pheric contamination, but since similarly high percentages of
nitrogen have been found in samples from other localities where
air contamination was unlikely, this interpretation in these in-
stances is in doubt. The samples from Kilgard and Abbotsford,
although across the boundary in Canada, are really from the
north extension of this field, and the analyses are particularly
dependable.
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The available evidence leads to the conclusion that the gas
of this area was derived from at least three sources: first, from
the gaseous produets of decomposition of buried vegetal matter
in the Eocene lakes and swamps of the region; second, from the
progressive carbonization of plant accumulations to lignite and
subbituminous coal; and third, from the distillation of marine
organic remains in the Pleistocene clays of the area. That these
substances are present and that these processes have gone on,
cannot be doubted; that other materials are present and that
there may have been another source for the gas is speculative
and not subject to proof on present data.

Very little is known about the structure of the Pleistocene
beds in which the shallow gas is found to the north of Belling-
ham. Information must be based entirely on drill records ; some
of these were very carefully kept, but others are only fragmen-
tary. By using such information as is directly available and
adding to it the results of general observations over the whole
area, some conclusions are possible.

More or less tilted Eocene shales and sandstones underlie
the shallow gas field. Their truncated edges are covered in some
places by till, and this may be thick or thin, depending upon
original deposition and subsequent erosion. In other places the
till was entirely eroded; there the bedrock is covered by the
sands and clays of the thick interglacial series. These uncon-
solidated sediments are stratified and essentially horizontal,
but they vary laterally in texture and are generally lenticular.
For instance, a bed of sand may increase in thickness from a
few inches to many feet and then pinch out altogether. Such
changes may happen within a few score of feet or the bed
may change abruptly after extending long distances without
variation.

Gtas escaping slowly from the beveled edges of beds of car-
bonaceous shale or in considerable volume from tilted sandstone,
reservoir rocks may be trapped in overlying beds of sand if the
latter are covered by clay. Over long periods of time an im-
mense volume of gas could accumulate in such favorable loca-
tions. It is essential that the gas could not escape elsewhere
along the strike of the sandstone member; such conditions for
retention probably oceur in certain structures in this distriet.

Some such process and conditions are probably responsible
for the gas of this field. “A well that happened to tap such a
sand would get production, while a nearby well might miss the
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sand. There would be no way to predict what might be en-
countered until the outline of such a body, possibly very irregu-
lar in shape, was determined by much drilling. A better idea
of the hypothetical conditions outlined above may be gained by
inspection of Fig. 1. Many variations in these conditions are
not only possible but are necessary to account for known oc-
currences of gas in this field. :

AREAS FAVORABLE FOR TESTING
SHALLOW THSTS

Very little can be said as to favorable places to test for the
shallow gas occurring in the Pleistocene sands. The occurrences
are unique, surface indications are lacking, and results obtained
in nearby holes are only roughly indicative of the possibilities
of the area. A favorable ground for testing might be expected
in the vicinity of a line from Ferndale to just south of King
Mountain (near the center of sec. 7, T. 38 N,, R. 3 E.). This
would be on the probable extension of the King Mountain anti-
cline ; and the present gas production indicates that the accumu-
lation was influenced by some such underlying structure. How-
ever, many nonproductive holes also have been drilled here, so
the bedrock attitude, whatever it may be, is not the only govern-
ing factor. It is probably essential that the drill penetrate
sealed beds of sand in contact with certain productive under-
lying strata if gas is to be obtained from the Pleistocene beds.

Test holes will usually range between 150 and 250 feet in
depth, so, fortunately, the drilling will be relatively cheap. Care
should be used to keep water shut off, for the drilling should
be dry to properly test any possible gas occurrence. In some
places no water will be struck, in others there may be four or
even more water sands. It is possible to carry 614-inch casing
down through all of the water sands, using temporary shut-offs,
pulling the casing and dropping it deeper as successive water-
bearing beds are found. Drilling should stop at bedrock, the
top of the Chuckanut formation; for there is no indication of
what the structure may be under the concealing overburden,
and to drill without such information is unwarranted.

DEEP TESTS

No tests have yet been made of the very favorable structures
present in the Chuckanut formation. There is a good proba-
bility of gas oceurring in these and if oil should be present, it
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will be found under the same conditions. Such tests should be
started with a hole large enough to allow for all possible con-
tingencies and reach as great a depth as is possible to carry
drilling. A thickness of strata that may reach 10,000 feet or
more is involved, and favorable horizons may occur anywhere
above the bottom of the series. The rocks are consolidated
enough to stand well and yet soft enough for easy drilling.
Some squeezing shales may be found but otherwise only water
shut-offs need interrupt drilling. As these tests would be initial
prospecting, the greatest care should be used to keep the drilling
dry in order to make the most of every possible occurrence of
either gas or oil; and accurate logs and samples should be kept -
so that the subsurface material can be studied, and so that there
will be a guide for future drilling in these places.

The map (Plate I) gives the location of the various anti-
clines, and other information will be found under the heading
of “‘Structure’’ in the body of this bulletin. Additional details
on the most favorable structures follow.

Goshen anticline—This structure is in the east part of T.
39 N., R. 3 E., and lies immediately west of the Bellingham
Northern Railroad. Four or five widely separated and isolated
outerops give the indication of the structure and show something
of the extent of the fold. They may be seen in secs. 22, 11, and
12, T. 39 N, R. 3 E., and in secs. 18 and 19, T. 39 N, R. 4 E.
As the mantle of Pleistocene material is thin, other outerops
may exist in the heavy brush cover of the fields.

The outerop in sec. 18 forms low cliffs along the railroad
right-of-way; the rock is a coarse sandstone grading into grit
and fine conglomerate which shows cross-bedding and lensing.
A strike of N. 10° W., 22° NE. was obtained on the north end
of a slightly overhanging ledge and is thought to hold in general
for the outerop, but data based on this poorly assorted and
stratified material are indefinite at best.

The indications of a broad dome-like anticline of low dip
and probably large gathering area from the west warrant fur-
ther and more detailed study. If other outerops cannot be
found, it would be advisable to seeure more information, particu-
larly on the south and to the northeast, by means of test pits
carried two or three feet into bedrock. Such pits can be con-
tracted to depths of 50 feet and more at around $2.00 per foot.
If bedrock could be reached at a reasonable depth, it'should be
possible to obtain the strike and dip of the rock where no out-
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erops are available, thus giving a check on present data and
probably helping to locate the center, or best drilling site, of the
anticline. The structure appears to be very attractive and de-
serves further investigation to be followed by a very deep test
if the present indications are borne out.

King Mountain anticline.—The structure of which the steeply
dipping sandstones and fine conglomerates of King Mountain
form north flank exposures, extends from near the NW. cor.
sec. 7 to about the center of sec. 27, T. 38 N., R. 3 E. and lies
just north of the city limits of Bellingham. It is well defined
at the west end in spite of the thick mantle rock of the region.
The dips there are from 16° to 72°, showing an assymetrical
fold, the axis of which lies close to the base of King Mountain.
The east end is also fairly well defined by numerous outerops.
Both ends plunge, making a high point on the axis in the N. 14
sec. 16. Unfortunately there are no outerops in that section, so
the determination of structure must be based on data from the
two ends.

The north end of Lookout Mountain anticline probably
merges with the King Mountain fold in the NW. 14 seec. 16, al-
though a saddle is likely to occur in the SW. 14 sec. 16, where
the Lookout Mountain axis may be crossed by extensions of the
Bellingham basin and Lake Whatcom synclines.

A test of this structure is warranted. The fold is long and
narrow so the position of the well is very important in order
to be as close to the axial plane as possible, not only at the sur-
face but also at depth. If the indicated assymetrical nature of
the anticline continues to sec. 16, the hole should be started south
of the axis on the surface in order to be on the axis of beds at
a depth of 2,000 feet or so. Hxact information is not available,
but a favorable position is indicated near the center of the
NW. 14 sec. 16.

Squalicum Mountain anticline—This is an irregular strue-
ture whose main axis trends from the top of Squalicum Moun-
tain, or from just south of this, across the valley lying east of
the mountain to about the center of sec. 20, T. 38 N., R. 4 E.
north of Olsen Creek. The fold is broad, particularly where it
is crossed by Carpenter Creek, and has an extension trending
to the north which becomes the Anderson Creek anticline. The
strata have dips ranging between 10° and 20°, which is low for
this region. Outcrops are abundant except between the two
high hills where the center or highest place on the fold is lo-
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cated. The west end of the main anticline is wide and plunges
to the northwest; the east end is narrow with moderately steep
inclination of its beds; while the north end of the Anderson
Creek extension exhibits close folding and steep dips.

A test of the structure is warranted. The exact location of
the well is not as important as in the King Mountain or Lake
Padden anticlines, but it should be within the N. % of see. 19
or SE. ¥4 sec. 18, T. 38 N., R. 4 E.

Lake Padden anticline—This anticline extends for 3% miles
northeast of Lake Padden. A mile or less to the southwest is
the well-defined Lake Padden syncline, while about one-half mile
to the northeast is the very poorly defined Samish Lake syn-
cline. These two synclines merge in sec. 31, T. 38 N,, R. 2 K.
and in sec. 15, T. 37 N., R. 3 E., thus forming the closure, at
those places, of the anticline.

It is not thought that this structure has the merit of some
of the others, but it does appear to have complete closure and
contains considerable acreage. The fold is probably more or
less symmetrical although it must be sharp, resulting in a gath-
ering area of no great size. An attempt should be made to
secure more detailed information so as to locate the exact posi-
tion of the axis and the high points thereon. Present informa-
tion suggests the most favorable drill site lies near the south
line of the SW. 14 sec. 5, T. 37 N., R. 2 K.

Other amticlines—The anticlines mentioned above are con-
sidered the most favorable, and tests of any others should wait
on discoveries made in previous drilling. Most of the other
structures lack closure in some direction, although a few places
on the various axes might be satisfactory, such as at the north
end on the north branch of the Chuckanut anticline, and on
the north end of Lookout Mountain anticline. However, they
should not be considered until more favorable structures have
been tested.

RECORDS OF DRILLING
EARLY DRILLING AND GAS DISCOVERY

Drilling has been carried on extensively in western Whatcom
County for water and coal, and, during late years, for oil and
gas. Information of value in any study of the region may be
obtained from the records of such work; and since there are no
outerops of bedrock throughout many townships, these logs con-
stitute the only source of information on lithology and stratig-
raphy. Some such records were handled very well indeed, but
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unfortunately in many cases they were not kept as carefully
as they might have been. Tt is at times difficult to understand
Just what formations are being described. At times, too, one
must depend on verbal reports for details where original logs
are lost or were not kept at all. It is thought advisable to record
all available information and incorporate here everything that
has a bearing on underground conditions from whatever source
obtained. In so doing, an historical record is also made of the
gas development in this region.

Gas has been encountered very commonly in water wells here.
The first notice of such an occurrence seems to have been in-a
well which in 1893 a man by the name of Clark was digging
in the SE. 14 sec. 7, T. 37 N., R. 3 E., in what is now South Bel-
lingham. Clark, who is said to have worn a full beard, was
working at between 20 and 30 feet in this well, when he started
to light his pipe; there was an explosion of gas and the beard
was burned off. A stock company is said to have tried to de-
velop this gas in 1901 by drilling nearby to a depth of about
four hundred feet. This old hole, one of the earliest drilled in
Washington for gas or oil, did not meet with success, although,
as it now stands with casing pulled and caved, there is still some
slight gassing.

WELLS IN THE VICINITY OF FERNDALE

The Enterprise oil test was probably the next venture. It
was drilled in 1914 a quarter of a mile east of the station of
Enterprise on the Great Northern Railway (SE. 14 SE. 14 seec.
19, T. 39 N,, R. 2 E.). As a matter of fact, there were two
Enterprise wells, the first one being discontinued at over a
thousand-foot depth on account of a erooked hole. The rig was
skidded 15 feet and the second well was drilled with cable tools
to a depth of 2,411 feet by the National Oil and Gas Co. of Van-
couver, B. C. After that, it was continued to 3,500 feet by dia-
mond drill for the Canadian Oil and Venture Co. by Stone Bros.
of Spokane. Some of the cores from this last work have been
saved; those seen by the writer were of sandstone and very
shaly sandstone, containing leaf fragments and coaly matter
and differing in no degree from characteristic Chuckanut rock.
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Log of Enterprise well

Thickness.

Feet.
VRS ED e e A B e L R eI e 30
Sand, ‘blue:.... ... .. ISRt T N R S et o o R 70
Ouickaand and gravel. s o it ces v A 95
(6155 A0 o3 B (e e L N o IO L bl 390
e ST IR T e R e e e e T 30
Shale, rotten; and clay (&) ....ccvvvevevnvennnanns 225
Sand, coarse; Mour Band. .. v .o sisimissas seaises e 295
8 B T A A S R i e s A SR e A 20
SERA ETAY e stal ot st h wlabesve o P e i 15
Mgy Gy TSR TON Rl 1 M MR St T 30
Sanil Are eray Bz i i s s sl shaaatia slelsalen el 20
(el ] 1 it e S M e S (W S e A e A )
R e SRR N R P o 5
Bt el e L T e e A Sy o S AN R P A 10
o S T A e e T it A e s in 30
D N ot o it e e I o i o o L e e S ML A e 65
SR er DOOWIL o ais 5 s aselsa o s e 515 o e Sl e 461 e ve afaaTors 30
Sand, sharp white............... e S o S e 15
Shale, rotten Brown (€)i.....cocvasacasvorseovvoss 20
Sl TG EE eI e ol Ta o s g e b e st A e 80
P28 ST T Voo b gl (s 2 e s B L s S S L 10
Shale with gas, DYOWI. i areiinees s o ssiames s 60
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MERIe S HEht Sardy . oAt e TT Ll eikhe mbtn e ol 5
SHTITEEN 1) oy, 1 P G D S R Ut 7 65
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(0 F 5 0 1 e DU I LS e e | e o S 49
Sand;  darR-ErAY N e e i et e g e A b
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Sand, sharp white............ A Tl e R e e 20
T 1 | e B e ORIk 12
(el R e SR VT bt s DY Eitiatens o nlc oL G 3
L e e e R e e s Sl SR o 2
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e T e T R e S B el G AR S o i 2
L e A e T 50
Bhale; Drowil; Zas, shisae vt s s sl sl sines e 48
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Shale, hard; sandstone overlying.................. b
Coal with yellow clay caving badly................ 15
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Depth.
Feet.

30
100
195
585
615
840

1,135

1,155

1,170

1,200

1,220

1,225

1,230

1,240

1,270

1,335

1,365

1,380

1,400

1,480

1,490

1,550

1,645

1,695

1,700

1,765

1,766

1,815

1,820

1,860

1,880

1,892

1,895

1,897

1,916

1,958
1,960
1,985
2,040
2,042
2,092
2,140
2,145
2,150
2,165
2,170
2,235
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Log of Enterprise well—Continued
Thickness. Depth.

Feet. Feet.
e ek 1A e e R P e T D W 10 2,245
Sl B ORtomeNq 905 e, b alble pl L i el S 2 2,247
(L RS oM o T S S R eyl B S L S i S S 3 2,250
3T Y G 1T e R R R e S e S 15 2,265
L (e S S e et N N o G DR (LA 2 2,267
EOBE NEOTHO VIR 5l ciiii comiis miaars e s wismials 5ate e Srela aaels v 10 2,277
YRR g 2 ¢ T e ool LR i R ECTU e 4 A 5 2,282
i Y e e e P e e TN e 8 2,290
BRI, BI0S BOING  BAG: « o5 sie v i v iy iatsises siieiana s 10 2,300
SRR aRtone S RAFER S L SR L Wit e IS 3 2,303
Sandstone; Ane s ight A8, i e i e ciieires 50 2,353
Shale, blue and black, carrying heavy gas......... 58 2,411

Drilled with standard rig to 2,411 feet; continued
with 1%4-inch diamond drill. 0il showing at
L e i i e T . 1,204 3,615
(a) Probably at bottom of Pleistocene formation.
(b) End of 8-inch casing.
(c) Shot and broke off casing.
(d) Hard shale overlying.
(e) BSalt water.

The greatest impetus was given to exploration in this region
by the gas which W. T. Lange encountered in 1920 while drilling
for coal with a portable horse-powered rig on his farm in the
SE. 14 NE. 14 sec. 28, T. 39 N., R. 2 E. A small casing was used
in which was a pipe, probably of 2-inch diameter. At 168 feet
a heavy pressure of gas was struck which threw the small pipe
out of the hole and up the hillside. This gas came in with a flow
of brackish water and was lighted and burned for several days
until shut off by driving the casing deeper. Then in 1930 an-
other well, now known as the Lange No. 1, was drilled about 50
feet from the first Lange well in an effort to exploit the gas.
Ten-inch casing was used, and at the very shallow depth of 63
feet gas was struck which threw mud and water to the top of
the rig. More gas was struck between 100 and 110 feet, while
at 168 feet the heavy flow corresponding to that of the earlier
well was tapped. There was no water shut-off, so the well was
standing full of water at the time, and all of this was blown out
of the hole by the gas. Another group took over this operation
then, and the hole was deepened to 500 or 600 feet where it was
lost through drilling misfortunes.

The third Lange well, which is now known as the Lange No. 2,
was started in 1931 fourteen feet east of the original hole and
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carried to a depth of 2,008 feet. This also encountered the heavy
gas flow at 168 feet; and again, since there was no water shut-
off, the column of mud and water was blown out of the hole by
gas flowing at the estimated rate of 250,000 cubic feet per day.
A careful check of what information is now available makes it

possible to record certain features of Lange No. 2. (The third
well drilled here.)

Log of Lange No. 2 well
Thickness. Depth,

Feet. Feet.

Clay, “heaving sand,” and gravel.................. 150 150

Conglomerate: (HH12)  (B)ciiavive i aiideies 4 154

Sandstone (set 8-inch casing).........coveeviuuaans 205 359
Sandstone and shale, alternating.

Shale estimated 759, upper more of a gray
color, lower dark to black.........covivuens 1,569 1,928
Shale, ereanIaR-hINe . v ows smrmsnimesoorssss 80 2,008

(a) Probably the approximate base of the Pleistocene series.

There had been no water shut-off, so the position of water-
bearing beds is in doubt. During the earlier drilling the water
had been brackish, but at 585 feet salt water flowed over the
top of the casing. This flow may have been due to increased
gas pressure, but there was a notable increase in the salinity
of the water at this point indicating a new source. At 728 feet
there was more gas, while bhetween 1,345 and 1,365 feet the
largest flow was struck; this raised the 6-inch column of water
20 feet over the casing. In the attempt to make this well a
commercial producer, great difficulties were met with: the cas-
ing parted while being lifted, dropped and wedged in the hole,
and then the fishing tools were lost. The drilling was down to
41% inches in size, and more than 956 feet was uncased. Due
to these troubles and the small size of rig and hole, it was finally
decided to abandon the work after two years of effort. With
casing and tools still lodged in the hole and with a flow of 800
barrels of salt water per day, the gas on a two-month metered
test was said to have averaged 50,000 cubic feet per day. An
unusually high pressure has been recorded; it is said that the
gauge showed 470 pounds day after day, although now, due
probably to bridging and partial shut-off, the pressure has
dropped to 350 pounds.

Following the Lange drilling, a number of shallow wells
were completed in this immediate vicinity. Some were pro-
ducers; some were unsuccessful. Wells were drilled in other
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distriets, in general, without getting commercial gas. All these
results, whatever they may have been, are of value, and logs
and data pertaining to them, from as reliable sources as pos-
sible, are presented for the bearing they have on the study of
the field.

‘Whatecom No. 1, of Whatcom Natural Gas Co. is located at
the E. 14 cor. see. 28, T. 39 N., R. 2 E. This well is reported
to have a capacity of from three to four million cubic feet per
day. The pressure is 50 pounds. The gas on open flow through
a two-inch pipe issues with a deafening roar and when ignited
burns with a flame which is almost colorless in daylight, show-
ing yellow at 30 to 40 feet from the opening.

Log of Whatcom No. 1 well
Thickness. Depth.

Feet. Feet.
Sand and gravel, 100S€. ... .c.cvueiniersinnartaians 90 90
OB DI i m s o e vt sl 0 e et i s 10 100
Y BN A BRRAYEL. . cve o e oo vy sinia s wimiey o sihims s a e 039 30 130
Clay, blue, limy, stiff and very tough............ .. 30 160
Sand, water-bearing, fine, also some loose gravel.. 11 171
Clay, gray, very hard and dense..........co0vvuen- 0.5 171.5
Sand, loose, fine, bluish-gray, carrying heavy flow

1 g LY S R O o Y 44 176.54

‘Whatcom Natural Gas Company’s well No. 2, 650 feet west
of Whatcom No. 1, was drilled to a depth of 216 feet, almost
entirely in an unconsolidated fine water-bearing sand, which,
due to its characteristic of surging up the hole behind the drill,
is known as ‘‘heaving sand.’”” No gas was found and the hole
was abandoned.

Livermore No. 1 is located approximately 300 feet south of
Lange No. 1, near center of the SE. 14 NE. ¥4 sec. 28, T. 39 N,,
R. 2 BE. No gas was found and the hole was abandoned.

Log of Livermore No. 1 well
Thickness. Depth.

Feet. Feet.
Sand, gilty, some Water. .. c.cuvovs v vrvrvmorotrans 76 76
Clay, tough, few pebbles........cociieiiiiiiiiinans 12 88
Sand, muddy, clay streaks......c.covviviniiniiiaas 72 160
Clay, with considerable gravel..........o0ovvrunnnnnn 54 214
Sand, fine, water-bearing.............cooviiiiiannann 11 2256

Cowden No. 1 well is located about 75 feet southeast of Liver-
more No. 1 and logs of these two tests are similar. It was
drilled to 390 feet and at the bottom was reported to have had
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an oil-saturated sand. It was abandoned because of inability to
drive the casing any deeper to shut out the water.

Cowden No. 2 well is located 200 feet north of Whatecom
No. 1. Blue clay was encountered to 200 feet where boulders
occurred, followed by soft sand to 205 feet. A peculiar feature
was the absence of water. No gas was found and the test was
abandoned.

Chamber of Commerce well No. 1 is located on the J. E.
Lingbloom farm in the NW. %4 SW. 14 sec. 27, T. 39 N., R. 2 K.
This well ‘‘blew in’’ for five feet after drilling stopped, as shown
by 171-foot measurement by steel line. The capacity of the well
is given as 900,000 cubic feet at 27 pounds pressure. (2.8 inches
mercury in Pitot tube test.) The casing record follows: 99 feet
5 inches of 10-inch; 161 feet 1 inch of 8-inch; and 171 feet of
2-inch tubing. Packer set at 160 feet in 8-inch casing.

Log of Chamber of Commerce well No. 1
Thickness. Depth.

Feet. Feet.
2D e B e A e L e W ] 2 2
Ty 1 s e ST ) S L o R Lo 10 12
Sand and ETAvel. o TRl G v s R e e s 30 42
Shale, blue, sandy, little water, not enough for
(13183533 g RpUemt < s e A P S T L 34 6
C2Eh T P T G PR i P A L TR ke ) 8 84
Shea Copayt e nia e WL ST b e T St 10 94
Sand, blue, very soft, no water.............-...... 5 99
Sand; - blue-Eray, Ane 0 s n s e s s e ) el 10 109
Sand, fine, gray, with boulders.........-- R P V! 30 139
Sand and conglomerate, Coarse...............ican- 6 145
Sand, limy, fine, gray, carrying a little gas........ 5 150
sand,: Iy coRTRe, SART R et Lot e s e iz e TN 5 1565
Conglomerate, limy, very hard............... 5 ..0u- 5 160
Sand, gray, carrying sSome gas................s.. iy 165
Sand, gray, CArrying gas......cevveeionestovsrsisaos 6 171

Chamber of Commerce well No. 2 is located on the O. H.
Lingbloom farm in the SW. & SW. 14 NW. 14 see. 27, T. 39 N.,
R. 2 E. The log of this well is not available, but those familiar
with this drilling say that there is practically no difference be-
tween the logs of the Chamber of Commerce wells Nos. 1, 2, 3,
and 4. Well No. 2 struck gas at 172 feet with a pressure of
28 pounds and a capacity of 1,250,000 cubic feet per day. A
small pipe line carries this gas to the homes of O. H. and J. E.
Lingbloom, where it is being used for domestic heating.
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Chamber of Commerce well No. 3 is located on the J. E. Ling-
bloom farm, in the NE. ¥4 SW. %4 NW. 34 sec. 27, T. 39 N,
R. 2 E. This well was drilled to 212 feet and encountered no
gas. It may have had more water than some in the vicinity, thus
accounting for the ‘“heaving’’ of the sand which was notable
here.

Chamber of Commerce well No. 4 is located on the O. H.
Lingbloom farm, in the SE. 14 SW. 14 NW. 14 sec. 27, T. 39 N,
R. 2 E. This well, drilled to a depth of 166 feet 3 inches, came
into production out of a dry sand. The capacity is given at
750,000 cubic feet per day and the pressure at 52 pounds.

Chamber of Commerce well No. 5 is located on the F. E.
Brown farm, in the SW. cor. see. 27, T. 39 N., R. 2 E. This test
was bottomed at 701 feet and abandoned because the gas show-
ing was not of commercial size.

In the absence of samples the limestone mentioned in this
log at 260, 354, 492 and 575 feet is a puzzling feature. A driller
will often label a bed ¢‘lime’’ on account of the feel of the tools
or because of some effervescence with acid even though it is not
a true limestone. Mr. Snyder, driller of this well, is not likely
to make this error for he is thoroughly familiar with lime-
stone as encountered in eastern fields. Furthermore, fragments
brought to the surface are reported to have been hard, white,
and traversed by blue veinlets, and to have been entirely dis-
solved in hydrochloric acid. So far as can be learned this is the
first report of limestone in the Chuckanut formation, none hav-
ing been noted in other logs penetrating these beds, nor recorded
from inspection of outerops. Samples of such material from
subsequent drilling will be of especial interest and should be
preserved for study.

Log of Chamber of Commerce well No. 5

Thickness. Depth.
Feet, Feet.

T o e L L L T 2 2
T A A S e R S L e I A TR e 2 18 20
CIERTBL ) Sl s i e s o S da el s Carala i £ 5 Slm e § s wumiii wiste 3 23
ST U o 03 S v e Lt e WA S R R VL R MU S 4 25 48
AL A s S ol i T h e es o s e s e g 10 58
T e U e R o e R R L s 47 1056
E e ey s e T e e SIS W, By atate e s e e Ve 20 125
Sand, fine. v it i da s v dlea B8 ek ot hete 8 133

Band coarEe s O on At bR U LERETE S LDt kil S T 140
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Log of Chamber of Commerce well No. 5—Continued

Thickness., Depth.
Feet. Feet.

SRBLE, o R L e n b S e A S B, 42 182
SR COAPEDI Lt A s S s v s s s s s b e 23 205
BRATE . s o T SN B aid S e S S e s 5 210
8 e LRI O SN I e e e e e L S Y ar A 15 - 225
o30S e e S G e 5 S S I 17 242
) e e e DI Bl e e 13 256
L] TR S AN AR [ T it S e 57 W, o308 3 R e - DL 5 260
Edmerroele s o sl Ry i o e 10 270
L e e e 30 300
51t T R MM R e B o A oy L S o 10 310
=5 G L R A S A S b B e e P et S e e e L 5 315
T Doy A I e SR BRI, i A SO LR R T 320
R | et e e e B e (LT R et s R s TR 34 354
8§ (23 ) e A PR S o s R B o e e A0 B L e Ao o (K 3 3567
o3 U TR T e R e s e P o 18 375
BT L D ey e v ik A e ey 10 385
LT G R S e e R h 390
P (g g T G R MG S U L TR ST el o L0 19 409
Sand, and imas e R T e e v e e e 4 413
(=T O AR R e R SR L S IS e ) 8 £ 37 450
Shale, dark....... o e G S N T T I T 5 455
LRI e iR e Sl Sk B e S Re SRR oy SRR L e £ 1h 456
eSS R L I S A P R e e LR e 1) 14 470
2 E ol U R NS et = L P 22 492
Limerock ........ i A - e e ¢t BT () £ e S B 19T
e L e L e P S P S L 18 515
it T e IR R i Sl P R R e D O 12 527
LA B e (e o Rt o e s e SIS S e 10 537
B e & B N g el NS o s A 3 540
ST S e R R e B T S R S e e 15 555
SEiE V0 A R e e P R S S S e b S ey e 20 575
Eaier e el (e IR UL B stk AT e AN ) 5 580
e i e R R T P S AR A i < 17 597
2t RN o ot SRR S A R AR e S SR 2 599
ESiT L r Al R T UL TR A B R e e S e 5 604
SRR BRI, o o s L R e R ety s leaE 16 620
R D T s a o s T e i e S et s 2 622
Shale ........ STt T 0 b 8 VRIS R e e 3 625
Sand .. o R TR e T (R et SR S D e S 19 644
Sandand shale. i ool L le s vl m e s S e Sele s BT 40 684
Sand containing salt water............cc0iiiiiianaes 12 696
A little gas
Lime and sand....... T e T S (s - i 5 701

A well on the H. C. Beyers farm, near the SE. cor. NE. 14
NW. 14 SW. 14 sec. 27, T. 39 N,, R. 2 H. encountered no gas
and was abandoned.
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Log of well on H. C. Beyers farm

Thickness., Depth.
Feet. Feet.

LT 1 T s ) L e e e e 2 2
T I T Ry R e S o S e e 13 15
ST LB YT b Er S B i 0, e TRl 8 Wb 1 125 140
L e S R T e L T R I P b e e e O 15 156
SaldrCheRVIHEY v bl i b e s s bhiarat dbas s e sy 83 238

Hunter No. 1 well is located on the L. W. Harden farm, near
the SW. cor. NE. 14 SW. 14 sec. 27, T. 39 N., R. 2 E. This was
drilled through Pleistocene sands, gravels, and clays similar to
other wells of the vicinity. At 193 feet it struck a heavy flow
of gas estimated at over 5,000,000 cubic feet per day at a pres-
sure of over 70 pounds. While ‘‘drilling itself in,”’ the loose
sand in which the gas occurred was blown out of the hole and
scattered widely by the wind. After lying idle for several
months, the well was opened by drilling out a cement plug and
it was then found that water had invaded the gas sand and,
it is reported, lowered the pressure and flow.

Hunter No. 2 well is located on the L. W. Harden farm in
the N'W. 14 SE.!%4 SW. 1 sec. 27, T. 39 N., R. 2 E. about 650
feet south of Hunter No. 1. After passing through materials
not differing greatly from those of Hunter No. 1, the Pleistocene
formation was bottomed at about 200 feet without having found
gas in appreciable amount. Drilling was continued for 200 feet
or so into the Chuckanut formation in the expectation of devel-
oping a deeper gas. Care was used to keep a tight water shut-
off, and some gas was encountered at two horizons. The deeper
of these built up considerable pressure, but not sufficient to make
the well commercial, so the hole was abandoned.

Hunter No. 3 well, near the SE. cor. NW. 74 SW. 14 sec. 27,
T. 39 N., R. 2 E., has been only recently completed, and but little
information is available. It is reported to have encountered a
commercial flow of dry gas at 330 feet in Pleistocene sediments.

The Abbotsford Oil and Gas Co. well is located on the C. C.
King farm in the SE. 14 SE. 74 SW. 14 sec. 27, T.39 N,, R 2 E.
This drilling, the log for which is available to 342 feet, was later
continued to 800 feet, where an encouraging amount of gas was
encountered. It is expected that the test will be continued to
1,400 feet in the hope of getting the gas horizon of the Lange
well.



of Western Whatcom County 57

Log of the Abbotsford 0il and Gas Co. well

Thickness. Depth.
Feet. Feet,

Soll oot R s A A A R S P S S LR R 3 3
<t Ul o S R A R el T o b L e ) o 55 58
IRy BORL TG Gl e Sl e s St e s A e e s e e TS 12 T0
[od o T b MR ol i SO S/ fo s & B A ST a e AT S R WA R 20 90
Elay s yeryiaptl L sprari ol LU D sl e e e R L 10 100
Sand; e s ooty o A e e G T g Sl 10 110
Sanad and Bravel CORTHE . vii s v sbiens s reies e 15 125
R T NG M L L S R SR T s i e TR 28 153
T T o S sl s e e Ay s ) S AN P s W T T 5 158
LB R Y e e e Sy ahirersdbakasiwinosonia 3 aiars aals b 15 173
En s Bl S S R WTERE e = e I S DR AT L= T 67 240
Shale, biues tough 2ot s s st it P A 245
L0 e My e U L R B e ol e i Sl M e . 3 248
BHAlENDIRCE i T e i s e D R e Ml ot SV o e oTa T 1 249
T e o S R S O R R R LT 6 255
SHAle) BANGY. . it s S seemiats e e e e S R 7 262
L AT e S S e S R U A R e 270
TR R A R S P P e et e 15 285
Shale, fine, gray, with thin layers of hard sand...... 19 304
TP g TR P gt S T L R SR S RSO 3 4 308
Shale, blue, sticky, thin sand layers.........cccovvuvuns 17 325
o3 iR sy G R (R O L B NI R L e T L 17 342

(a) Bottom of Pleistocene occurs near this member, possibly in it; the
exact position is in doubt.

The Van-Bell No. 1 well is located on the HE. Bettsinger farm
in the SE. 14 NE. 14 SW. 14 see. 27, T. 39 N., R. 2 E. At 603
feet the casing was pulled and the hole abandoned.

Log of the Van-Bell No. 1 well

Thickness. Depth.
Feet. Feet.

Eartace ol Stcaoi i bt saaa aes s A By 4 4
Sand and gravel (first water at 10 feet).............. 20 24
Sand:and Heht Clay. cviceirie s dsny s doe vt v b 1 25
CIaY" Dlue dBoRtin Ao inis St on s s eia S v s mivias s 5 30
gand, hard, Eray . b P i 5 e e e s 2 32
SEard-panY o s SRR e e R e 2 34
Clay, hard, sand¥, QEF i voviaas i b samedanita o 21 55
Sand, coarse, water-bearing.....c..ccoeveienpiasauroes 25 80
B o SV T ST (G b A e ke e N S Sl R SR S R R 25 105
Sara andseravelibipht o el s e e e 15 120
(o142t e R o S AT e i omp e R S S e 1 121
Sand and Wwater-gravel ... it dae s e sl seaie isaiaelstsieleis 13 134
(Water rose 74 feet in hole)
(631w e R R s A O e S s B e 135

T Y B T e T ) e et ST Pt - 35 170
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Log of the Van-Bell No. 1 well—Continued

Thickness. Depth.

Feet.
Clay, sandy, with cemented gravel, dry. Bottom of 179
feet of 10-inch casing. Water shut-off............ 12

Clay, sandy, with pebbles and cemented gravel...... 42
Sand and gravel. 100-foot rise of water............... 24
Gravel, cemented, and 10 per cent clay (&) ...vvvuvunns 7
Shale, dark-gray, sticKy.....ccovcirvirversnnenccianses 50
Shale, hard gray, showing lime, firm................. 10
Sandstone, hard, gray, lime-streaked................. 21
SEANe DrOWI. O BROMWN % ialalas o et wsnsias 5le 4 s e e e 1
Sandstone, limy............ Frong WRLENINE [T AN (1 L i b

Bottom of 8-inch casing at 345 feet
P S e R R e e i Wy T 20
I I T SN e b KA ATR N o S L AT e aiie LR 20
T S o e R U PR P PR R P Sl 8
Coal, bright, black (cave-in at bottom)............... 4
e E AR Ty e e o RN SR e har b 5 i), I | 3
0 DTy b S e A e S G B e e A P 13

Set 418 feet of 6-inch casing
Shale, gray with sandstone layers...........ccouvuns 12
Shale S dBFNBHCR Y av o o il o e sder o i'ais ats e bagi o whkate 25
Sandstone, gray. Hole dry.....cocvvivienennncnnnss P D
Shale, gray, sandy and pebbly................. S 35
Coal seams in layers of shale...........coiviviennnnn 5
First salt water. Rose immediately 175 feet in the hole.
Sandstone, coal SEAMS. . ... v visnrssssasssnsssnnnnss 15
Shale and sandstone in layers........ccvvvevnivinennnns 10
SEndstona: Bard; - BTAR. v hacsiove o voss s oesesens 15
Shale, hard, light-brown, gritty..........c.cviiiina... 8
B AREONE, T BTRY s s oo ate s viams s ale s e s 6 0hasind 4 5w 5 4 Lo ne 3
(3L D 2T L b P e e P LA o o Al R e T 6
Reduced to 4% inches on account of caving from

500 feet. Set 550 feet of 414-inch casing.
Sandstone with shale layers.......cceeveeceniennnnnn 8
Shale, dark, sandy..... Ao T TS e g o s v S 2
AT AREORB N il i Tl b o el sl s 0 a1 e Bkt o e 2
Shale dark. ic.seisveans AR A e O PR P L 5
EIATVORTIOTIO [foso v i e el a5 1 ARl - 5 i e ok 1
Shale ...... Sty L L L ) L0 e 2
D T A T e e e R e R e Rt o i

Water, “salty as the sea,” was struck at 580 feet;

it rose 300 feet in the pipe. A slight amount of

gas showed for a short time only with this water.
SAAREONG, SEORTHE, £oa s wf wiesla s aie s la o a3 54304 2 00l a 10 5 v a5 n e 8
TS S B g LS L TARRR SR LR S s TR LU R 1Y SRS 2 1
Sandstone. Bottom of 435-inch casing............... 8
L R S A S e AR b AN TR R (IR s

Feet.

182
224
248
256
305
315
336
337
350

370
390
398
402
405
418

430
455
460
495
500

5156
526
540
548
551
557

565
567
569
574
575
577
584

592
593
601
603

(a) Probably bottom of Pleistocene sediments.
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The Covey and Baus well No. 1, near the center of the N. 14
sec. 35, T. 39 N., R. 2 E. went through 25 feet of surface soil
and clay and 78 feet of ‘‘heaving sand’’ to the depth of 103
feet. It was drilled deeper, but the lower part of the log is un-
known. No gas was found and the hole was abandoned.

A well was drilled for water near the north line of the NW. 14
sec. 33, T. 39 N,, R. 2 E. This went through clay for 200 feet
and then struck saline, sulphurous, artesian water in underlying
sand. It is reported that this well stopped flowing when the
Whatcom No. 1 gas well was brought in.

Artesian saline water was produced from a water well drilled
in the NE. 14 sec. 31, T. 39 N, R. 2 E.

In a water well drilled in the NE. 4 sec. 30, T. 39 N., R. 2 E.
a good flow of artesian water was struck at 235 feet. This was
probably wholly in the Pleistocene sediments.

The Shale Oil and Gas Co.’s well is located in the SHE. 14
NW. ¥4 NW. 14 sec. 3, T. 38 N.,, R. 2 E. on the Harry Brown
farm. Gas was expected at 230 feet but did not come in and the
hole was abandoned.

Log of Shale 0il and Gas Co.’s well

Thickness. Depth.
Feet. Feet.

Spbg e ot | R b MR R S A P o 1 8 2 2
T s L e SR e A B B R I o b, . e 3 b
Bandeand SOt eIy b v . At o b a vilsem s AR A 15 20
BONMIAOER o iy arait e s o s sw s B a6k e e AR TS 4 24
O T L B ) e L b et 26 50
e T S R e N P E R el i e e S 4 54
Sand, water-bearing. Good showing of oil............. 3 57
ok R L I T R e e L O 98 156
LT (s b AR SRR S e e ety B Sty iy e T 8 163
Gravel, water-bearing.......... vvviiviraiidvinisaies : 5 164
3 T A, Bl F R TE A L DT SR I D S Y o o L 5 169
(0117 5 R S o S by A s Rl SR e e 56 228
Hand. and gravel; J0OBE. o« s vt v sief s s s ab hataterbinre aTa s 2 230
Clry-on sHaTe, L2 il s dm SR e DL s e LU SR 21 2561

.~ The water well of Greenacres Memorial Park is located near
the SW. cor. SE. 14 sec. 22, T. 39 N., R. 2 E. The casing record
follows: 12-inch to 243 feet, 6-inch to between 350 feet and 450
feet, open hole to 775 feet.
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Log of Greenacres Memorial Park well

Thickness. Depth.
Feet. Feet.

SE T AR i T A AN M R ee ) e AP IR s i o S 22 22
B F T2 1§ (o e S By e B i O T e TR R 225 247
Sand and gravel, water-bearing..........cvovuneenens b 252
Al sAnelY Dacked /0 5 v s e s e A S 69 321
IATEAREOTIG oo e 4ol 0n o 0] 5 o 0160 2 e 17 338
Shale and AR GHTONE. L . b i T clele ani des aiatae s hoie aled 192 530
Shale; hard, CBLYYINE Ea8. L vivivssaminm il s oo waras 245 775

The Acme Oil and Gas Co. of Bellingham have been drilling
a test hole northwest of Ferndale, near the center of the S. 14
SE. 74 sec. 13, T. 39 N.,, R. 1 E. This hole was started with a
10-inch casing; it is 1,241 feet deep, and probably will be con-
tinued. The Pleistocene sediments were not less than 425 feet
thick and may have been as much as 595 feet. No coal beds
were struck. It is reported that there were some showings of
both gas and oil.

WELLS IN THE VICINITY OF MARIETTA

Near the E. 14 cor. sec. 8, T. 38 N., R. 2 K., in a water test,
a well was drilled through 18 feet of sand and then 182 feet of
clay before being abandoned.

A water well drilled in the NW. 14 sec. 8, T. 38 N., R. 2 E,,
went through 24 feet of river fill and sand and then through
450 feet of clay and was abandoned.

A water well drilled in the NW. ¥4 SW. 14 seec. 15, T. 38 N.,
R. 2 K. is said to have reached bedrock at a depth of 245 feet.

Another water well was drilled in the NE. 14 sec. 7, T. 38 N.,
R. 2 E., and went through 36 feet of river silt carrying salt
water and then through blue clay to a depth of 475 feet.

WELLS IN BELLINGHAM AND VICINITY

A water well drilled near the corner of Maple and H Streets
is said to have struck bedrock at 170 feet, but sandstone and
shale, carrying a little fresh water, is reported at 100 feet.
These were probably Pleistocene sediments.

A water well near the corner of Chestnut and I Streets was
drilled to 113 feet without reaching bedrock. Bracklsh water
was encountered.

A water well drilled near a mill in the SW. 14 sec. 33, T. 38
N.,, R. 3 E., went through 12 feet of soil, 32 feet of sandstone,
and then 2 feet of coal.
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A water well in the NW. 14 see. 33, T. 38 N,, R. 3 E., went
through 93 feet of blue clay.

Logs obtained in drilling for coal just north of Bellingham
are given in Jenkins’! report and may be referred to there. They

include the following:

Bore hole No. 1 (931 feet deep), in the SE., 3 SW. 34 sec. 18, T. 38 )

Bore hole No. 2 (600 feet deep), in the E. 1% SW. 3§ sec. 18, T. 38 N,,

Bore hole No. 4 (491 feet deep), in the BE. % NW. % sec. 19, T. 38 N,,

Bore hole No. 5 (675 feet deep), in the W. 1% NW. 1§ sec. 19, T. 38 N,,

Bore hole No. 6 (546 feet deep), in the center of 8. 1& NE. 34 sec. 24,
R. 2 B.

Bore hole No. 7 (380 feet deep), in the W. 3% NE. 4 sec. 24, T. 38 N, R. 2 E.

Bore hole No. 8 (375 feet deep), in SE. 1§ sec. 13, T. 38 N.,, R. 2 E.

Bore hole No. 9 (438 feet deep), in the center E. line SW. % SE. 1, sec. 13, T, 38
N, R. 2 B.

Bore hole No. 10 (469 feet deep), in the NE. 4 NW. 24 sec. 24, T. 38 N, R. 2 E.

N., R.
Ny R
N.,.. R.
N., R.
4

utfltlibjm

3
3
3
3
I, SN.,

WELLS IN THE VICINITY OF VAN WYCK

Wells on the Holman place, near Van Wyck, at the SW. cor.
of see. 2, T. 38 N, R. 3 . Two wells were drilled here for water
about 20 years ago. One struck gas, which only lasted 24 hours
or s0, at 40 feet, then a heavier flow of gas was struck at 90 feet.
This continued while the drilling went to 160 feet. The water ob-
tained was of poor quality and carried gas in spite of attempts
to case it off. The second well was drilled about 300 feet north
of the first one, and this encountered gas at 75 feet and was also
reported to have had a show of oil with the gas in the mud from
the bailer. By casing off this gas they obtained good water in
gravel at 127 feet.

A third well was drilled here 30 feet east of the first one, by
Van-Bell Holding Co. in an attempt to develop the gas. They
found sediments of a different type and no gas. This shows that
a marked change may occur in the Pleistocene material in very
short distances. No gas was found and the hole was abandoned.

Log of Holman No. 3 well. (Van-Bell)

Thickness. Depth.
Feet, Feet.

Sreacalpoll: s ML T Bl a i e S R o R 3 3
Clay, yellow and boulders.........i.coviiianenssanns 12 15
Clay, blue, some boulders. Small amount of water and Y

show.of gag at b3 feeb. .. ...cvc s einiaseiminL 114 129
B P b et A T S RIS R e ST 22 151

The N. H. Jepsom well is located at the SW. cor. sec. 10,
T. 38 N., R. 3 E. “The rock was greatly broken from 245 feet
to 270 feet, where drilling stopped. At 210 feet saline water was
struck Whmh carried a considerable volume of gas. This gas has

1Jenkins, O. P., op. cit., pp. 63-80.



62 0il and Gas Possibilities

been used for domestic purposes at the Jepsom farm ever since
it was discovered.’”*

Log of N. H. Jepsom well

Thickness. Depth,
Feet. Feet.

Sall-and: SHATAPRNT o faie e dd i it e s e i 10 10
Clay, to bottom of Pleistocene...........cooveeuunn.nn 80 90
Shale and shaly sandstone...........vivvrennnnnnnnn. 180 270

A second well is said to have been drilled in an attempt to
produce this gas. It was carried to a depth of 600 feet, but the
results of the tests are not known, except for the report that,
due to a misunderstanding, the gas horizon, when struck, was
not properly developed.

A water well drilled in the NE. 3 SE. 14 sec. 9, T. 38 N.,
R. 3 E., went through 114 feet of Pleistocene sediments without
reaching bedrock.

A water well drilled in the SW. 14 seec. 10, T. 38 N., R. 3 E.
struck bedrock at 104 feet and was continued through very hard
sandstone and blue shale, to a depth of 175 feet.

A water well drilled near the west line, NW. 14 see. 31, T. 39
N,, R. 3 E. had soil and hardpan for 10 feet, clay for 20 feet,
and then dry gravel for 50 feet. At 74 feet this well struck
an undecayed cedar log about two feet in diameter.

A water well in the NW. 14 sec. 33, T. 39 N., R. 3 E. had
clay with gravel for 50 feet, dry gravel for 120 feet, and then
very fine sand carrying fresh water for 32 feet. This drilling
stopped in clay at 202 feet.

Gas was carried with water struck at the very shallow depth
of tonly 28 feet in a well in the Pleistocene sediments in the
SW. 74 SW. ¥ sec. 2, T. 38 N., R. 3 E. This was close to the
Holman farm where gas also occurred.

A water well drilled in the SW. % SE. 14 sec. 2, T. 38 N.,
R. 3 E. after going through chiefly blue clay struck 9 feet of
water-bearing gravel at 142 feet. This was underlain by blue
clay.

A test to 1,625 feet was made for oil and gas on Alabama
Ridge, approximately at the center of sec. 15, T. 38 N, R. 3 K.,
just west of Squalicam Mountain. Cable tools and a portable
drilling rig were used. Casing record: 216 feet of 10-inch casing,
10-inch open hole to about 750 feet; then reduced open hole to
8 inches from 750 feet to 1,200; and again reduced open hole to
6 inches from 1,200 to 1,625 feet. There was no need to reduce

Personal communiecation from C. F. Livermore.
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casing except to ease the drilling engine. No water occurred
below 216 feet during drilling, and the hole was dry when fin-
ished, yet, six months after this drilling was stopped the hole
was found to be full of salt water through which gas was
bubbling. These conditions obtain at the present time. A few
thin colors which come up with the gas are noticeable. The log
of this well follows:

Log of Alabama Ridge well
Thickness Depth.

Feet. Feet.
SO anG DY OWRE CIAY oo ch i v sis stn e-or et eisaiiataters s 3 3
Conglomerate; VOry Bard....c.cicoiceeevncisossaans 17 20
S ANART OIS, BERY . & R e G e s e 10 30
Clay iblue;: Bome BB L e ity e n i ats o et s 30 60
Shale, sandy, gray; little gag. ... ..cciiivivienenens 35 95
Fhale AT IR, o e At el ok e s RS T 7 172
SNl ARPR TR, HRIEAY ot st bonioiuisd s e g e wm bsa i e o 3 175
Sinnle cAarRe ANAECI T S ey s as e v R B s a0 15 190
Shale, dark brown, and darksand................... 15 205
TG g S s e e = RN e o B 6 45 250
Shale. idark: grRY; BANAY v i wves bala s s e eess 15 2656
L L e L e A Shese 70 335
Sandstone, light gray; little gas.........cooiuivnnnn 30 3656
SanUBEONRG; AT ETRI A o es 15 ki o o o3 s as sisiaieisisiaiay sy 5 370
Sandstone, light, fine, very hard.................... b 375
Sandstone, dark-gray, very fine............coovvnen 15 390
Shale, dark sandy.......... e e e T R s e P 5 395
T R 0Ty T e e e o vt . Lol (e 55 450
Shale, dark-gray, sandy, and brown shale............ 10 460
SHAle; BTRY BANIOY s o5 s iaita s a5 ehe aesjs sn otalslurd aiate diata's 15 475
Shale, gray sandy; mixed light sand............... 25 500
Sand, coarse mixed dark and light; some shale..... 18 518
Shale, gray sangdy, and CIAY- . ..v.. aavacsssvneaisss 22 540
Sandstone. 2ray; Yery-BRRd . .o st nentin o aines 15 565
Shale, dark sandy; some brown shale............... 20 bT5
Lime, light-gray, sandy, clayey.......ccovvvevnnnsas 25 600
Clay, gray; sandy, white pebbles.........ccuceeevvs 20 620
Shale, dark=-blue; 'SARAY: .o vexessissnssesnivvilessigess 15 635
Sand, dark gray and white, very hard.............. 10 645

Shale, dark, very hard; lime cap with mixed black
and white sand showing some gas; then cap rock

of compact sand carrying first gas (a)......... 40 685
Same formation as above, with coarser sand and some
1AINE i HOTNE BT 555 taisiwiaiy o 67 fleasais i s (hn W lo pte ete s 20 705

Sand, gray, white and black; brown shale, clay and
lime. Gas burns at the top of the 10-inch pipe,
explodes, then continues burning with very blue
flame down the DPipe.....cvicviviiiannaiinoarss 30 735

(a) Probably only gas encountered.
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Log of Alabama Ridge well—Continued

Thickness. Depth.
Feet. Feet.

Shale, sandy, dark-gray to dark-blue to brown; little

s AT R O G R I L N e s i sy O O L A I 20 755
Shale, gray, sandy with thin streaks of dark gray

Band S EHOLIE. o v e et e e e e e e s 20 775
Shale, black to brown, slaty, with small rounded

pebbles bitumInous v vinss diiate e s ias e s 20 795
Shale and small rounded loose pebbles; some sand.. 5 800
5 (DS WL R o) 0 8 £ 1) o NG RN B CR U ) 60 860
Shale, sandy, blue to black..........covuerennrunn.. 20 880
Sand and shale, mostly dark gray sand............. 10 890
Shale, dark blue, sticky gumbo streaks.............. 12 902
SO RAT T G L e SR ey S PR S Y 33 935
sShale, ‘blos; mixed With gand........o.%00 00 eeeiihas b 940
Sand, little shale, light yellow..............covvun.. 5 945
SIhaTe vsolt BYRY .ottt i vt gaii b e e e e 20 965
Slate, brownish black, petroliferous, coal seams, large

chunks in bailer; gas increasing................ 10 975
SARORONOS O S5 2 e e via savennd Sl s gl 15 990
i LR T O L 1 ) (e et S S LG P 15 1,005

Sandstone, gray with thin limy streaks; small sand-
stone samples recovered are lignitic; loose sand-

stone conglomerate, shale streaks................ 5 1,010
Shale bands, thin Hgnitic. ... cooiiierviovisnvmnreses 30 1,040
Sandstone, gray; shelly seams.............ccc0vuunnn 40 1,080
Shale, gandy; eray o DIUe. ... ool erersveosonrnssones 3 1,083
Shale, slaty, blue to black, with thin streaks of lig-

e sIate ANDUTES COALL . oy o vhe v vaiis stevs bibises 42 1,125
5 AT IE T T TR Rl [ SRR ol e 5 s 10 1,135
Sandstone, fine-grained, very hard, some lime........ 15 1,150
Lime gand pebblem, small.. o .. 00 ol oo 20 1,170
Sogteiloogeysdarie bl o0 o i el 70 1,240
Shale, sahdy, and gand i oo s Sevnsied et 66 1,306
Shale, and limy sticky Bhale........veresvranssnnsss 3 1,309
Shale, dark-gray, and sand shells, thin............... 31 1,340
22 AR 0 A T G R e e e e P P 20 1,360
Sandstone, sharDy HERE-ETRY . ¢ ov v v b ws s s m e wnss s ns 25 1,385
Sandstone, fairly hard, fine conglomerate pebbles,

lHght'gray -tordeap-yellow oo JulalSi S ubinas 50 1,435
4 ) T S T (] 0 o A S B N 20 1,455
e E RN Rl 17 SRt e s e S S RS 30 1,485
Shale Mot S0 BRI o iate o s i s maieis st s s i 70 1,556 -
Shale, darkceray, oTe SaANAY. . o v.oovv v omss amsinmsies 45 1,600
Sandstone and streaks of sandy shale................ 25 1,625

Stopped drilling in sharp sandstone.

WELLS IN THE VICINITY OF ANDERSON CREEK
A well drilled in the SE. %4 SW. 14 sec. 31, T. 39 N, R. 4 E,,
produced artesian water from the Pleistocene sediments at a
depth of 90 feet. Blue clay and fine black sand were penetrated.
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Another artesian water well was drilled iﬁ the NE. 14 NW. %
sec. 6, T. 38 N., R. 4 E. Water coming from a depth of 156 feet
was reddish in color and carried a little gas.

A water well driven in the SW. 14 SE. 4 sec. 7, T. 38 N, R. 4
I., went through blue clay for 93 feet.

A diamond drill hole was put down about a mile to the north-
east of Squalicum Lake in the SE. 14 sec. 6, T. 38 N, R. 4 H. The
log follows:

Log of diamond drill hole near Squalicum Lake

Thickness. Depth.
Feet.- Feet.
Glacial drift, sand, and gravel..............cocuuunn 200 200

15§ R b R R R T e e SR A e e
e P L P
Shales, Prown and gra¥ ... ... civveesenenrmsnansns 91 291
2D C N T R 0 s g LR R R S e R I e

(0 ST b s R R S R S e et |

Shale,clayey 1o saa e Mt Do oLt L $
Shale, sandy and interbedded..........c..ccivunnn 92 383
SANAEIONE v et e v laarsla, soes v oo relvih s hawa 4
ol BEa NGO & s i e S T L e AR e
Sandstone, coarse, White.......c.ooviveiinnuinnaass ']
BhRale, cATDORABCRONE ! Vi vt s o bnh oles s slwisinossoa aiale
250 N T (et a2 e i R RN S SN |
Shile, CarDoNRECeOUR il iaalind s s 5 ol ws o sasiani
Shale, clayey and thin, interbedded coal seams (a).} 197 580
Sandstone; ‘conrge, White. . .. o vinceat st ot
Shalet i sy e g s e
A BO Y O % s cire s = ot ks TeTaral e o s s e ) o o e o e e
BT T o o ot 1 5 S T e LAV b N = L i
BARASIONe; [ ETAY & Fi s aitn thlars o edin i s st ']
L E o] o ) s o 60 640
o e Eo ol e s g 2RO O R U e T I LSy a1
GOEl geam NO . DU e s S S e e
ERATE CIEYEY o) it i iimaie winimwie atoe o a ok s a e o 1
SNAe BRI £ R i tn v s e sis e glea b e S e Ll o
Shale, CArDONACEOTB vici v i irin s wis sis s aiain s o Ba wieneate 236 875
RGO SR s e S PR | RS L
Shale, carbonaceous, and many thin coal seams....
Coal seAMING B vs . S v hlehim s s a0 v s aly b el el
Shale and ' thin coal 8eamMS. .. .ovvvveenerinmrnnrses ]
TR O e e TR I s e ot s iy i ol Via ok lgteilt
(23 RN R O S S e i oy e L L 87 962
Bangatanials, 32, Ul X e i S e L eI ST
Shale and sandstone..... AT TR PR L A e S

(a) Large flow of gas at 495 feet.
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WELLS IN THE VICINITY OF CEDARVILLE

A well drilled for water on the Green farm near the north line
of the NW. 1/ sec. 33, T. 39 N., R. 4 E., is reported to have gone
through clay for 68 feet; then, in a layer of ‘“hardpan,’’ gas was
struck with an estimated flow of 25,000 cubic feet per day. No
water came in with the gas. After being lighted and burned at
open flow for sixteen hours, the hole was deepened ; water, with
heaving sand, was struck, and the gas flow was lost.

Two other wells were drilled near the above and another a
quarter of a mile to the south. Considerable interest attached
to the gas oceurrence and some tests were made. The informa-
tion now available is vague. One report states that the first
three wells were drilled to depths of 78, 58 and 102 feet respec-
tively, and that all three showed gas out of dry holes. Gas from
No. 1is said to have burned 12 to 15 feet above the 4-inch casing.
No. 3, according to this report, was in blue clay for 71 feet, blue
shale for 214 feet, with sandstone for 8% feet. The remaining
21 feet is not recorded.

On the Erickson farm, a quarter of a mile west of the Green
farm, a well drilled for water struck gas at 61 feet, which is now
being used for domestic heating. About a mile southwest is the
Barnhart farm, where a well drilled for water struck gas at 80
feet. This gas was cased off and the well deepened for water
after the gas flow was accidentally ignited, nearly burning the
house down.

A well drilled for water near the south line of the SW. 14 seec.
28, T. 39 N,, R. 4 E., has gas coming up with fresh water.

A well drilled near the center of the E. 14 sec.'32, T. 39 N.,
R. 4 K., produced fresh water carrying considerable gas at 80
fGEt' WELLS IN THE VICINITY OF GOSHEN

A dug water well in the NE. 14 SE. 1 sec. 24, T. 39 N,, R. 3 .,
showed the following log :

Log of dug well near Goshen
Thickness. Depth,

e At 6 T o SME 1
T R . 0 T S G SR S R AP 3 0 3 0
Goal, AecomPABER . | Ll s st s et s e e 10 8. 1. 10
2l r il o IO M SOR L LY R O (T 2 4 0
CaRBENE SRS 2 o8 st e i s e 8 4 8
SRR S P o At D s sl 3 0 T 8
L hgrr e S S T S e M R R ) 3 a0 o1

Shale and water
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A water well in the NE. 14 NW. 14 sec. 24, T. 39 N, R. 3 E,,
was drilled to 74 feet after finding bedrock at 11 feet.

A water well in the SW. ¥4 SW, 14 sec. 13, T. 39 N, R. 3 E,,
was drilled through 12 feet of soil and 88 feet of bedrock. It
encountered some coal at 70 feet. :

A water well in the NW. 34 NW. 14 sec. 24, T. 39 N,, R. 3 E,,
was drilled five or six feet to bedrock and continued to 62 feet.

It encountered sandstone underlain with a little coal and then
blue shale.

A water well on the Shell farm, in the SW. 14 SW. 14 sec. 12,
T. 39 N., R. 3 E., went through eight feet of soil to sandstone
bedrock, which continued to 100 feet except for three feet of coal
at 70 feet.

An old well on the Hemmi place, in the SE. 74 SW. 14 sec. 14,
T. 39 N,, R. 3 E., found sandstone at 24 feet, about four feet of
coal at 70 feet, and more sandstone to 93 feet.

Water wells in the NE. 14 sec. 26, T. 39 N., R. 3 E., show bed-
rock to be about 30 feet deep.

A water well drilled near a school, in the SE. 14 SE. 14 sec. 35,
T. 39 N, R. 3 E., was carried 198 feet without reaching bedrock,
although gray sand and wash coal at 195 feet indicated nearness
to it.

WELLS IN THE VICINITY OF LAUREL

A water well drilled on the Sinnes farm is located in the NW.
14 SW 14 see. 24, T. 39 N, R. 2 E. This well gave some gas. A
6-inch casing was carried to 317 feet, but the first water was at
385 feet. :

Log of well on Sinnes farm
Thickness. Depth.

Feet. Feet.
(8 37h {3 Y b o PR o S 35 35
e A LT S e R e e s A S et 19 54
BT T A SR M B AR S SR ST S B 24 78
et 75 0 1117 (P et ATV R AN PN D O i i 10 T 162 240
Cement sand and gravel (bedrock below)........... 85 326
Bhale  BRIe . i e e e as e e e el At 140 465
S HORNT 0 b ST DD o I USRI LT LT AN 5 470
Shale) blue - CoRL, o v o i Fad Helsiais ian s s S 8 478
e B s M SR L L B e L i e 2 480
Srnad e ThRTaH et 2000 e s U L el o 12 492

A water well drilled in the NW. 14 sec. 36, T. 39 N, R. 2 K.,
was carried to a depth of 100 feet. It encountered no bedrock
but produced water ‘‘as salty as sea water.”’
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A water well drilled in the SW. 14 NW. 14 sec. 30, T. 39 N.,
R. 3 E., went through clay and ‘‘hardpan’’ to 108 feet, then
qmcksand and silt to 138 feet.

Six water wells in sec. 31, T. 39 N, R. 3 E., show to a depth
of 85 to 95 feet only very 1rreo~ular dep051ts of loose boulders,
gravel, sand, and clay.

A water well drilled in the SW. 14 SW. 14 sec. 28, T. 39 N.,
R. 3 E., reached a depth of 176 feet. There was 50 feet of blue
clay, then sand and gravel, and the last 18 feet was gray sand.

WELLS IN THE VICINITY OF BLAINE
A water well drilled near the old Dakota Creek mill, in the
NE. %4 sec. 8, T. 40 N, R. 1 E., went to 600 feet without finding
bedrock.
Four water wells drilled 40 feet apart, in the SE. 1/ sec. 33,
T.41 N, R.1 E., went through blue clay to water at 50 feet.

WELLS IN THE VICINITY OF BIRCH BAY

The gas test on the Robert Selien farm is located in the center
of the K. 7% sec. 32, T. 40 N, R. 1 E. No gas was found and the
hole was abandoned.

Log of gas test on Robert Selien farm
Thickness. Depth.

Feet. Feet.
Clay; gas shoWing ol bage: . Sueiitissineihie s se ool 32 32
Clay; soft, with: cobbles. . ..:.c.cvviiiivinvnsossnnin 68 100
Clay, increasingly sandy, hard to hold.............. 40 140
Y o R e i T s e 12 152
Sand, coarse, and fine gravel, water-bearing........ 3 156
Sandstone (top of Chuckanut?).................... 24 179
CORBIOMEBRALE: <~ s v s e st e e e s 1 180
Sandstone, soft, Hght-8ray.......covvvinenennnnnnnn 17 197
Sandstone, DAY, Bt EIRY .. . vunr sttt annens 14 211
Sandstone, soft, light-gray..............covevnunnn. 17 228
Shale Hard BIe. e e e e s e S e 3 231
Ty L R T L Rtk S e R SN et S N e Y 7 238
Shale hard, Black, fos il oo e v sar s e s 4 242
shale i rHervlhiga il ot b Sl s s e 2 244
i R b AR T g e PN e 17 261
UG ) U0 s s L G R N Rl B S b Sl . 1 6 267
SR A A B R S B I e LS 30 297
Shale, black, with some coal seams........ T e 2 299
Shale, SOt BRRGY . il et e i N s e sis als S hia 36 335

The gas test on the Anderson farm is at about the center of
the W. 75 see. 32, T. 32 N, R. 1 E. At 250 feet in sandstone a
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heavy flow of gas was struck. This came in with a small flow of
brackish water.

Log of gas test on the Anderson farm
Thickness. Depth.

Feet. Feet.
Clay, few cobbles near bottom............coonuinnn 190 190
Sandstone, waterat base..........cooiiivniiiiiann 20 210
Sandstone and shale alternating................... 40 250

S AIUBLON e - o o T i s e e APy R D S Ly 18 268
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