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PRELIMINARY REPORT

THE MOLALLA t HIGH-ALUMINA CLAY DEPOSIT

NEAR - 

MDLALLA, CLACKAMAS COUNTY, OREGON

X,

ABSTRACT , "

The Molalla High-Alumina Clay Deposit lies along the west side
 of the Molalla river in the Molalla. quadrangle, Oregon, approximately 3 
miles southeast of Molalla. Molalla is 30 miles south of Portland and 30 , 
miles northeast of Salem, Oregon; A branch line of the Southern Pacific -' 
railroad connects it with Canby, Oregon, which is on the main, line between 
San Francisco and Portland. ' , , ...../' ;

The- investigation of this deposit was carried out jointly by 
the U. S. Geological Survey and the U. S. Bureau of Mines between July r. 
1942 and May 1943.   Seventy-seven holes'having a total footage of 7,964.5 

, feet were drilled. ':'  .''. ' , . ; ;-;V'v : ' '' ",.  '"-". -\ ,- v ,  '. "- \ : ' ^^^l ./ ''

  The ore consists of clay, breccia, and weathered silt, sand, . ^ 
and gravel. It is found mainly in the Molalla'formation, although minor 
amounts are also present,in the No. I Terrace deposit. The Molalla forma--: 
tion, which consists of several hundred feet of gently folded continental ' 
sediments, is lower Miocene. Interbedded in these sediments are trans- ^ * 
ported and residual high-alumina clays." The-transported clays are pro­ 
bably derived from the erosion of weathering profiles to the east. The ;, 
development of as many as 3 superimposed profiles in the Molalla sedi- / 
ments during the lower Miocene resulted in the formation of residual ; > 
high-alumina clays. The transported are probably of greater importance ; 
than the residual- clays. The brec'cia was probably deposited as a series 
of mud flows. It consists of large unaltered blocks of volcanic rock sur­ 
rounded by a matrix of high-alumina clay. It is not as high-grade, in :
 general, as the residual and transported clays, and the presence of.large 
and small unaltered fragments also make it-less desirable as a source of 
high-alumina clay. The No. I Terrace deposit is probably of 111!noian 
age. Residual high-alumina clay's resulting-from surface alteration have £ 
.been developed on it. The principal ore minerals are kaolinite, montmor- ; 
illonite, beidellite-nontronite, and halloysite. : . V , >v-4-

The reserves^ have been calculated by the perpendicular ",Msector ; ?1 
method.- There., are 31,294,000 dry tons of measured ore with'25.73'per cenV :;; 
available A1203 and 7,75 percent available-FegOg and,17,298,000 dryHons of 
indicated ore with 27.52 percent available-AlgO^ and 8*49 percent available-' 
Fe203 . Lt is thought that there may be 50,000,000 wet tons of inferred v4i^»,.' 
ore in the district. The weight of the overburden on the measured ore is'jllf 
21,322,000 wet tons and that on the indicated ore is 15,571,000 wet tons, ?*"



- 2 -

The total A^Og content of the deposit is approximately 10 per­ 
cent, greater than the available

- INTRODUCTION

Purpose .  -
"-."- ,  ' " *'.. *' ' * ,' '

.Due to the scarcity of domestic bauxite, the danger and dif­ 
ficulty in transporting foreign bauxite to Atlantic and Gulf coast ports, 
and the great need for aluminum during the present emergency, many'high- 
alumina clay deposits have been investigated as possible sources of C; 
alumina .by the United States Department of the Interior. The present S 
report concerns itself with the Molalla High-Alumina Clay Deposit, the;!"; 
investigation of which was carried out jointly by the U. S. Bureau of ; ;,% 
Mines and the U. S. Geological Survey between July 1942 and May 1943.  ;

The general geology and the characteristics of the ore body are 
briefly considered. The reserves are given, and the method of calculation 
is outlined.' - .-;,,,... : -' ' - :;   /.   >'  "  ' --.. : -   ,"   - .': ' "'" "

Location and Accessibility ./- "..,..-. . -.  \

-' ; The Molalla Kigh-Alumina Clay Deposit lies in the Molalla quad­ 
rangle, which was, mapped by the Corps of Engineers, U. S. Army. The de- ; 
posit is along the west side of the Molalla river, approximately 2J- miles 
south and 3 miles southeast of Molalla (fig. 1). It is in Clackama's : : ; 
County, within sections 15, 22, 27, and 28 of T. 5S., R. 2 E., W. M. f and 
.between latitudes 45°o5» and.45°10 r 'and longitudes 122°30 f and 122°35 t ,; - 
It is located close to the contact of the Willamette Valley and Western ; 
Cascade' provinces, \J ' . t; - I;

Molalla is approximately 16 miles south of Oregon City, 30 miles 
south of Portland, and 30 miles northeast of Salem.- Good pave'd highways 
link Molalla with Salem, 'Oregon City, and Portland. A branch line of the 
Southern Pacific railroad connects Molalla with Caaby, .Oregon,-wiiich is on' 
the main l;Lne between San Francisco and Portland (fig. 2).

History   ..-.   -,: .    " .  .-..*.*. .'  " '   -^^ -'.'-'
'',":< I'- ~,"' ' "

A Company- organized by a Mr. Daly about 1911 built a pottery t 
near Astoria, Oregon, Molalla clay was used, but the company failed .

_!/ Eugene Callaghan and A. F. Buddington, Metalliferous Mineral Deposits 
of the Cascade Range in Oregon, U. S* Geol. Survey Bull. 893, pi. 1, 
1938.
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principally because of the excessive shrinkage of the clay.. Later the . 
Cascade China Co-, built a pottery in Portland and acquired about'40 acres 
of clay land near Molalla. This company also failed. _2/ Still later 
small amounts of the Molalla clay were used for experimental purposes by' 
the Willamina Clay Products Co. and by the Denny-Renton Clay and Coal Co.3/ 
Wilson and Treasher _4/ and Hodge 5/, have briefly described this deposit.

On April 13, 1942 Mr. John E. Alien, geologist, State of Oregon, 
Dept. of Geology and Mineral Industries, took Mr. C. C. Popoff of the 
U. S. Bureau of Mines and the writer to the Molalla area* On the basis 
of this trip and on an analysis of the literature, Mr. Popoff started a 
prospecting' program that consisted of hand-augering, trenching, test pit­ 
ting, and sampling. More than 250 hand-auger holes were drilled, nearly 
100 chemical determinations were made, and an area of approximately 3f- 
square miles was selected for detailed mechanical drilling. Following __ ' 
the completion of the hand-augering work in August 1942, Mr. H. G. Iverson, 
District Engineer of Oregon for the U. 'S. Bureau of Mines, asked the. U. S. 
Geological Survey to check it; The writer had the benefit of a geologic 
map of the Molalla quadrangle, which was made by Mr; Herbert Harper, a, 
graduate student at Oregon State College, under the direction of Dr. KIT. D, 
Wilkinson of thex Dept. of Geology at that institution. This map was 
lo'aned to him by.the State of Oregon, Dept. of Geology and Mineral Indus­ 
tries (fig. 3). Approximately one week was spent in the field during the 
first part of September, 1942; critical areas were hand drilled; wells, 
adits, shafts, and outcrops were studied; and the stratigraphy, physio­ 
graphy, structure, and geologic history were considered. It was con­ 
cluded that the II. S. Bureau of - Mines had selected the best area in the 
quadrangle for drilling. _: - "

Seventy-seven holes were drilled by the U. S.''Bureau of Mines between 
October 24, 1942 and May 17, 1943. The shallowest hole was 37 feet; the 
deepest, 189..5 feet; and the total footage was 7,964,5 feet (fig. 4), 
Churn drills equipped for drive-pipe sampling were used and the recovery 
was practically 100 percent.- Most of the cores were 5j inches in diameter,. 
The. U. S. Geological Survey described all the cores, helped with the samp­ 
ling, and furnished the"Bureau engineers with geologic information to guide 
the prospecting program.  -"V"; *   ;

  > j : ; \ . .' f -. .--f - \ ,

Acknowledgments ' - - ; / ' ,  ;- --.- . 
* . *'"  ' >

All of the assays and moisture and specific gravity determinations 
used in this report were obtained from the II. S. Bureau of Mines. The 
topography on the maps is based on surveys by the U. S.' Bureau of Mines 
and the Corps of Engineers, U. S. Army, The geologic map is a simplifica­ 
tion and modification of that made by Mr. Herbert Harper of Oregon State 
College.* .     - : -..' -  , .

%/ W. L. Brown, Unpublished Report to the Denny-Renton Clay and Coal Co.,
Seattle, Washington, p. 1, Jan. 15, 1926. 

J3/ Hewitt Wilson and Ray C. Treasher,'Preliminary Report of some of the  
Refractory Clays of Western Oregon, State of Oregon, Dept. of Geology i, ; 

  and Mineral Industries, Bull. No. 6, p. 41, 1938, ,:^ ; ;: v^f> 
J/ Op. cit., pp. 39-49. 
5/ Edwin T. Hodge, Market for Columbia River Hydroelectric Power Using

Northwest Minerals, Section IV-Northwest Clays, Vol.-" IV, pp. 849-853,1938.
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It is a pleasure to acknowledge the friendliness, helpfulness, 
and generous cooperation of all of the men of the U. S. Bureau of Mines 
with whom the writer worked. Special 'mention should be made of Mr* Arthur 
M. Evans, Project Engineer, Mr. H. G. Iverson, District Engineer of Oregon, 
Mr. C. C. Popoff , and Mr. Delbert L. Snyder, Mention has been made that 
it was with Mr. -John E. Alien, State of Oregon, Dept. of Geology and Min­ 
eral Industries, that the writer first visited the' area. To this it must 
be added that the writer prof i ted -greatly from several long and interesting 
talks with Mr. Alien on many aspects of the problem. Mr. Victor T. Alien 
of the U. S. Geological Survey, Commodity Geologist, High-Alumina Clay,' is 
responsible for much of the mineralogical and all of the petrogra phi c- data 
in the report. His constant personal interest in the work has been of much 
help and is greatly appreciated. Thanks are due to Mr. John J. Collins and 
Mr. P.1 J. Shenon of the Northwest Office of the U. S. Geological Survey, 
for making suggestions and corrections that have- been of much value in im­ 
proving the manuscript and for getting the report ready for distribution. 
Mr". Wayne Hall was with the writer during the period in which the report 
was in preparation. He did all of the drafting, took a major share in "the - 
calculation of the reserves, and assisted in the work in ways too numerous 
to mention. For all of this the writer is grateful. It is a pleasure, 
also, to record the contribution of Mr. John S. .Loofbourow,'' Jr. of the 
U. S. Geological Survey, who was stationed at Molalla from December 7, 1942 
to February 3, 1943. He described approximately one-half the core, helped 
with the preliminary tonnnge calculations and sampling, and did other work 
that was of value to the .project, ' . - ,

GENERAL GEOLOGY   

Regional Setting ' ' ,

The prospected area is in.the I7illamette Valley province, on an 
Illinoian terrace about 170 feet above the Molalla river. Beneath a thin 
veneer of terrace deposits lies the Molalla formation. It conta'ins trans­ 
ported and residual high-alumina clays; it has been gently tilted; and it 
is of lower Miocene age. To the north, east, and south the Molalla forma-   
tion is buried by the Stayton and Boring lavas. " . ~

The formations liste'd in chronological order are the pre-Molalla(?) 
lavas, the Butte Creek beds, the Molalla formation, the Stayton lavas, the 
Boring lavas, and the terrace deposits of various ages.

Pre-Molalla (?) Lavas ' < .

Near the base of holes 13, L-9, and perhaps K-4, vesicular and 
amygdaloidal, basaltic or andesitic lava was encountered. The lava was 
penetrated for 14 feet in hole L-9 and for 6-J feet in hole 13 (figs. 5 and 6} 
It appears likely that the lava exposed in all 3 holes belongs either to 
trie same or to nearly* contemporaneous flows and it may be scores of feet * 
thick. The"lava in hole L-9 is near the bottom of a well-developed weather­ 
ing profile. -It is soft and earthy at the top and progressively "increases 
in hardness with depth.' At the same time it changes in color from brown, 
through yellow and gray, to black slightly weathered lava at the^bottom. ; s f 
The weathering is shown not only -by the nature of the material, but also by 
analyses of it for available AlgOg. It is not known whether this lava is 
pre-Molalla or intra-Molalla. If pre-Molalla, if may correlate with the
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Mehama volcanoes to the south._6/ The weathered portion of this lava jura j 
not included in the ore body, and it is likely that it will admirably 
serve as the mining base,

Butte Creek Beds

The Batte Croek beds, which-are marine' and lower Miocene, con­ 
sist of conglomerate, sandstone, and limestone, Their importance lies in 
the fact that they limit the reserves of the district by cutting off the 
high-alumina clays of the Molalla formation approximately 4 "miles to the 
south and southwest of the area which was drilled (fig* 3) , *":

Mo1alla Formation . ^ >

The Molalla formation, which consists mainly of clay, silt, sand, 
gravel, tuffaceous sediments, shale, sandstone, conglomerate, mud flow 
breccias, and coal, is several hundred feet thick. These sediments are ' : 
mainly of fluvial origin, in part channel, in part flood plain deposits.

Beginning in middle Oligocene and continuing through the lower, 
Miocene, volcanism, mainly of the explosive type, was active along-the 
central" belt of the Cascade mountains _7/. These pyroclastics and f lows ' 
have been assigned to the Eagle Creek (lower Miocene)_8/, Mehama (Oligocene}^/ 
and other formations. A considerable relief was probably developed, .and ; 
it was possibly streams flowing to the west from these highlands that de­ 
posited the Molalla sediments. The presence of coarse gravel indicates 
that the highlands were not far distant. 'The Butte Creek shoreline was 
only a few miles from the prospected area, indicating that deposition took 
place on a narrow coastal plain (fig. 3).

The Molalla'formation is stratigraphically below lavas that Wil- 
kinson e.nd Harper correlate with the Stayton lavas of Thayer (fig. 3). 
Thayer considers;the Stayton to be the equivalent of the Columbia River 
Basalt formation, which is middle Miocene.J.0/ The Molalla formation is 
therefore pre-middle Miocene. Moreover, a study of its flora made, by Dr. 
Beverly Wilder of the University of California indicated that it is'early * 
Miocene .JLL/ Its distribution in the Molalla quadrangle is shown by fig. 3, 
Treasher,_12/. who mapped parts of several quadrangles to the north, fourid 
nothing which correlates with it, nor did Thayer 13/ map anything similar 
to it to the south. The best place to.get a general picture of the lith-, 
ology and stratigraphy is along the unfinished railrpad right of way that

B/ T.P. Thayer, Geology of the Salem Hills and the North Santiam River Bas­ 
in, Ore., State of Ore., Dept. of Geology and Mineral Industries, Bull. 
No. 15, pp. 5-7, 1939. '

7/ Physical and Economic Geography of Oregon, published by Oregon State 
System of Higher Education, pp. 43-44, 1940.

8/ E. T. Hodge, Geology of the Lower Columbia River, Geol. Soc. Am., Bull., 
vol, 49, .pp. 839-846, 1938. - .   .  

I/ Op. cit., Bull. No. 15, pp. 5-7, 1939., '
10/ Op. cit., pp. 7-8.
j-1/ Personal communication from Mr. John E. Alien.
J-3/ Ray C. Treasher, Geologic History of the Portland Area, State of Oregon, 

Dept. of Geology" and Mineral Industries, G.M.I. Short Paper No. 7, 1942.
13/ Op. cit.,-Fig. 1. - >



runs along the west side of the Molalla -river near the bas"e of the west 
valley wall, just east of the prospected ai"ea. Here cross-bedded sand, 
mud flow breccias, tuffaceous sediments, and clay'can be seen, and it was 
here that most of the Molalla fossils, were collected. It is the most im­ 
portant formation in the area from the economic point of view because most 
of the ore body is found within it.

Stayton Lavas
... .   »

The Stayton lavas vary considerably* In many places they are 
porphyritic with glassy transparent feldspar phenocrysts and a matrix - 
that is black when not weathered. Some of ;them are vesicular. Well- 
developed sheeting is common,but columnar jointing is as a rule poorly 
formed. A weathering profile has been developed on the Stayton lavas 
in many places, so that the upper 20 feet Is commonly soft enough to be 
cut with a knife. The entire 37 feet of hole F-8 was drilled in this 
lava. Near the top it was soft and rather completely decomposed, was cut 
by a series of clay veins, and had 25 percent available AlgOs. With in­ 
creasing depth the degree of weathering decreased and the hardness in­ 
creased.

The Stayton lavas were extruded "upon an erosion surface cut in 
the Molalla formation with a. relief of several hundred feet. The southern 
part of the quadrangle is largely covered with these lavas (fig. 3) and, 
because they are often more than 50 feet thick, they probably make strip- 
mining for the underlying high-alumina clay too costly. The Stayton lavas 
are thought to be equivalent to the Columbia River Basalt formation, and, 
if so, they are middle Miocene in age. No Stayton lava was included in the 
ore body, ,

Boring Lavas * - . *-  _ _      .   \      .

The Boring lavas are vesicular; columnar jointing is well-developed 
in them; and they are lighter colored than the Stayton.lavas. They are 
characterized by the presence of olivine and by a porous texture. A weather-* 
ing profile, similar to that found on the Stayton lavas, has been formed on 
them, and spheroidal weathering is in places beautifully developed. It is 
thought that they are either of late Pliocene or early Pleistocenel4/ age 
and that they are equivalent to the- Rhododendron volanoes of Hodge.15/ They 
bury an erosion surface cut in the Molalla formation. Their distribution in 
the quadrangle is shown on fig. 3.^ No Boring lava was included in the ore 
body, - . .

Terrace Deposits
/ V

Several terraces have been cut by the Lolalla river. The material 
that veneers Terrace Ho. I was penetrated by many drill holes. It is of 
channel and flood plain origin and consists of silt, sand, gravel, and clay. 
In places it is more than 30 feet thick and is often difficult to differ- " 
entiate from the Molalla formation. An excellent weathering profile has 
been developed on it (fig. 6, section 13). In the upper part of this profile

14/  Ray C. Treasher, Geologic History of the Portland Area, State of Oregon, 
. Dept. of"Geology and Mineral Industries, G. M. I. Short Paper No. 7, '
pp. 9-10, 1942. 

15/ E. T. Hodge, Geology of the Lower Columbia Hiver, Gebl. Soc. Am., Bull.,
vol. 49, pp. 877-879, 1938.
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where the weathering is rather complete, many pebbles and cobbles, up to 5 
inches in diameter, can be cut with a knife. .With depth the hardness in­ 
creases, the color commonly changes from yellow to -gray, and the degree of 
weathering and the available AlgOg content decrease. The material that 
veneers Terrace llo. 2, as would be expected, is no I as completely weathered 
(fig. 6, section 9). The relation between the two terraces is shown on 
fig. 8, section FF T . Terrace deposits cover a lar^e part of the quadrangle   
'(fig. 3) and the prospected area is located mainly on Terrace No. I. Based 
on the degree of weathering, it is thought that Terrace No. I is either f 
Kansan or Illinpian.JLG/ The successive terrace deposits and the Recent al­ 
luvium along the Molalla river are undifferentiated on fig. 3» Some of the 
material veneering Terrace No. I is included in the ore body (figs. 6, 7, 
and 8). '

Structure and Geomorphology ' i

\

The Molalla formation and presumably the Stayton lavas are gently- 
folded. Dips up to 8 degrees are present. In the prospected area therb is , 
a regional dip to the northwest (figs. 7 and 8). A few slickensides were 
observed in the Molalla formation that are probably related'to these struc­ 
tures. ' . ' ..

The" prospected area.is located on the flat, extensive surface of 
Terrace No. I,. which is approximately 170 feet above the Molalla river. 
As seen in fig. 1 there is a great deal of terrace topography in the quad­ 
rangle. It makes possible, of course, the existence of great tonnages of 
high-alumina clay in unprospected areas. The southeast, southwest, and 
'northeast parts of the quadrangle, however, are considerably dissected. In 
these areas the relief is several hundred feet, and from purely physiographic 
considerations they are not as favorable for large tonnages as the other 
parts of .the quadrangle.

16/ Ira S. Allison, Pleistocene Alluvial Stages in Northwestern Oregon, 
Science, vol. 83, n.s., p. 442, 1936.
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Geologic' History

A son pi if ied, tentative outline of the geologic history of -the 
cU strict, follows:

Oligoceno ? 1. Extrusion of pre-Molallr. V lavas 

( 2v Deposition of Butte Creek beds

( marine sandstone, conglomerate, and 
( limestone.

Lower Miocene ( 3. Deposition of Molalla formation

( intermittent deposition;
( formation of 3 weathering profiles;
( mainly channel and flood plain deposits-;
( transported and residual" clays.

4. Erosion \

relief of a few hundred feet developed. 

Middle Miocene 5,, Extrusion of Stayton lavas*

6. Diastrophism ,

resulting in gentle dips, open structures^

7. Erosion 

Pliocene-Pleistocene 8, Extrusion of Boring lavas*

Pleistocene and
Recent 9. Erosion and successive uplifts

formation of several terraces* and 
deposition of sediments on them; 
oldest terrace perhaps Illinoian.

* Weathering profiles were formed on 'the Stayton, Boring, and No. I 
Terrace deposit; but were better developed on the Stayton and Boring.
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ORE DEPOSITS 

Mineralogy

Hydrous Aluminum Silicates

Kaolinite (Al 2C3,2Si02 .2H20) > inontruerillonite (.represented Ly 
the Irish Creek clay) (Al1<50Fe a4Mg^ 42 )(Al <ogSi3 ^ gi }010 (OH; 2 fCaa7 },

beidellite-nontronite (represented by Carson district clay) (A!2 ooF°<,05

MS.02)(Al«52Si3,48)°lo(OH)2fCa.i6 (represented by Sandy Ridge clay)- 
(Al^39Fe 1>7)(Al >58Si3>42 )010 (OHJ 2|H 31 ), and celadonite K (Fe'VAl) 

(Mg,Fe")Si 0 (OH) 0 have been identified petrographically by Mr. Victor
T: JLU C>

T. Alien of the U, S. Geological Survey, and X-ray investigation indicates
that some halloysite (Al 0 .2SiO .2H 0} may also be presenc,17/ Messrs. 

18 2 3 2 2 .  
Joseph A. Pask/"and Ben Davies of the U. S. Bureau of Mines have identified 
montmorillonite, a beidellite-like mineral, kaolinite-halloysite, and pos-~ 
sibly illite (bravaisite K (Al,Fe,Mg) 2(Al,Si)4010 (OK)j>) by thermal analyses.

2 "   \ 
Aluminum Hydrates ^ "   *

Gibbsite (AlgOg.SHgO) has been identified petrographically. It

developejd from feldspar fragments and from grains of clay._19/ Pask and 
Davies nave also identified it by "thermal analyses._20/ Because gibbsite. 
has been' found only in minor amounts, the hydrous aluminum silicates are 
the important ore minerals.

Other Minerals . ,

Siderite (FeCOg) is a common mineral in the deposit (Figs. 5 & 6).. 
It is widely disseminated through the clays, in some places sparsely, in 
others abundantly. It is found as small concretions loss than 1/10 inch 
in diameter. They are usually spherical, cylindrical, or dunbbell-like in 
shape. ' Dumbbell shaped cavities, which apparently resulted from the solu­ 
tion of similarly shaped side'rite concretions, are found in the clay.

17/ Personal communication from Mr. Victor T. Alien, U.S. Geol. Survey.
18/ Joseph A. Pask and Ben Davies, Thermal Analysis of Clay Minerals and 

Acid Extraction of Alumina from Clays, U. S. Dept. Interior, Bureau 
of Mines, Report of Investigations 3737, pp. 23 and 25, Dec. 1943.

19/ Personal communication from Mr. Victor T. Alien, U. S. Geol. Survey. 
' 20/ Op. cit., pp*. 23'and 25.   "   . . , . . ...
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Occasionally the siderite is in masses several inches across, which great­ 
ly increase the specific gravity of1 the drill cores in which they are 
found.

Limonite (2Fe203 .3H20) stains most of the No. I Terrace deposit 
and many of the lithologic units of the Molalla formation. It is,also 
found as veins cutting the clay (Figs. 1 and 2). -

Hematite (FegOg) stains some of the clay and other sediments, 
and it is also found as small specks in some of the weathered silts and 
sands. It is particularly common in hole 3.

Ilmenite (FeTi03 ) and magnetite (Fe^O^), occurring as beautiful 
euhedral crystals 1/50 inch across, are very' abundant in some of the clay 
(Figs. 1 and 2). After heavy continuous rains black sand composed of 
these minerals can be found in the furrows of plowed fields. Similar 
sand can also be found in the ditches along highways and on washed patches 
on slopes.

Pyrite (FeSg) and vivianite (Fe3P2Og.8H20) are present in minor
amounts.

Quartz (Si02 ) grains of irregular shapes and various sizes are  
scattered through some of the clay and it is very common in some of the 
unweathered sand. Traces of cristobalite (SiOg) are revealed by X-ray 
analysis. -

In addition a few grains of zircon (ZrSiO^) have been identified, 
and some of'the beidellite clays contain fragments of fresh feldspar 
(NaAlSi308 ). 21/

Chemistry

Several thousand chemical determinations were made of the Molalla 
High-Alumina Clay by ,the Seattle laboratory of the U. S. Bureau of Mines. 
The determinations included total AlgO^, Fe203 , Ti02 , SiOg, MgO, and CaO, 
loss on ignition/ and available A1203 and Fe203 . The available A1203 is 
usually between 84 and 97 percent of the total A1203. It is the percent­ 
age by weight that is obtained in one hour by a 20 percent solution of 
H2S04 on clay calcined to ?00°C or 800°C. The total and available Al203 
and Fe 203 are calculated on the weight of the sample after drying at 130°C.

The following analyses were made on composite samples of the Up­ 
per Clay series and the Lower Clay series as defined by the U. S. Bureau 
of Mines. These clay series are roughly equivalent to the South Ore body 
an.d the Lower..Ore body considered later, ' .

21/ Personal communication from Mr, Victor T. Alien, U. S. Geological 
Survey.
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Analyzed After Drying at 130°C

Upper Clay Series Lower Clay Series

SiOg
A1 203 (total)
Fe 203 (total)
TiOg
Zr0 2
P205

CaO 
MgO 
K20

S03
Ignition loss 950°C

Total

Organic carbon, C 
Carbon dioxide, C0 2

45.5 
27,8_ 
11.5. 
1.8 . 
0.0X 
0.13 
0.0. 
0.3 
0.4
o.a

- 0.4-o.o-
11.8 > 

99.63

0.43
1.43

43.6 
30.2 - 
10.3
1.8
0.0
0.19
0.0
0.3
0.3  Q.O

0.1
0.0 

12.6

99.39

0.33
1.32

x Note: 0.0 indicates less than 0.05 percent

The loss on ignition (L.O.I.) for the material in the drill 
cores that were analyzed varied from 0.8 percent to 42 percent. It de­ 
pends mainly on the abundance of the hydrated aluminum silicates, alumi­ 
num hydrates,siderite, and organic material. Of these, the abundance of 
the clay minerals is usually the most important. The excellent correla­ 
tion between L.O.I, and the percentage of clay minerals present can be 
seen in figs. 5 end 6. The relation between L.O.I, and wood is shown in 
fig. 5, section 5, and, in fig.' 6, section 9.. The correlation between 
L.O.I, and the presence of siderite is shown in figV 6, section 10.

Total iron is dependent upon the presence of siderite, limonite, 
hematite, pyrite, ilmenite, magnetite, and beidellite-nontronite. Be­ 
cause ilmenite and magnetite are not appreciably soluble in HgSO^, their 
presence does not materially affect the percentage of available Feg03 . 
The correlation of available Fe 203 and siderite is clearly shown in fig. 6, 
section 10. The relation of available Fe203 and limonite is shown in fig. 
5, section 4. The high available Fe203 at the base of hole Q.-10 (Fig. 6), 
together with the absence of siderite and limonite, suggests that nontron- 
ite is responsible. The highest available Fe203 in the deposit is 36.2 
percent \ the lowest, 1.2 percent. The average available Feg03 for the 
deposit as a whole is 8>01 percent.

The percentage of total and available A1203 is dependent upon 
the abundance of the hydrated aluminum silicates and the aluminum hy­ 
drates, 'of these the hydrated aluminum silicates are the most important 
since the aluminum hydrates are present only in minor amounts. The re- . f , 
lation between available A1203 and the clay minerals is shown in figs. 5 
and 6. The Mghest available A1203 in the deposit is 39.7 percent; the 
lowest, 0.9 percent. The average available AlgOj for the deposit as a 
whole is 26.37 percent.
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Total SiOg depends mainly upon the abundance of the hydra^edt 
aluminum silicates and free quartz; total TiOg* upon the presence of 
ilmenite; and CaO and MgO,. upon montmorillonite. In general., there is 
an excellent correlation between lithology and mineralogy on the one 
hand, and" chemical composition on the other.

Lithology

The ore.is found mainly in the Molalla formation* A small 
amount is also found in the No. I. Terrace deposit. Lithologically it 
consists mainly of plastic and semi-flint clay, breccia and weathered 
silt, sand, and gravel. Interbedded with the ore are silt»_ sand, and 
gravel; shale, sandstone, and conglomerate; and wood, together with grit­ 
ty low-grade clay* .

The breccia,which is found mainly in the northern part of the 
prospected area, is unsorted and unstratified, and in hole H-29 (fig. 6} 
it is more than 75 feet thick. It contains subordinate wood, angular 
fragments of volcanic rock, which may be several feet in diameter, clay 
fragments, and a clayey matrix. The matrix is pink, yellow, red, or 
brown, and the fragments are red, gray, or black. They are largely un- 
weathered,x and it is the presence of the clay matrix, ^deposited as such, 
that makes the breccia ore. It is not the highest grade ore, however, 
because it usually contains less than 25 percent available AlgOg. One' or 
more beds of clay or sand are commonly interbedded within the breccia.

i
A breccia resting on an erosion surface cut in Molalla sandstone 

is found northeast of the prospected area on the east side of the Molalla 
river near t)ie bridge. This breccia has been called a Pleistocene glacial 
till by Mr. Herbert Harper. 22/ It is probably equivalent to that found 
in the prospected area, and the writer is of the opinion that these brec­ 
cias were deposited as a series of mud flows. They are older than Terrace 
No. I and are tentatively considered to be units in the Molalla formation. 
Additional field work may show, however, that these breccias and the low- 
grade woody sends and gravels, often associated with them, belong to the 
Boring lavas. , . /

. Clay is common in the ore body (figs. 5 and 6). It is predom-- 
inantly gray, although various shades and combinations of gray, green, 
yellow, brown, and red are present. The yellow clay is formed-mainly 
from gray clay that has been stained with limonite after deposition. 
Some of the clay is semi-flint, but much of it is plastic, and very ten­ 
acious. It contains small siderite concretions, euhedral crystals of il­ 
menite and magnetite, wood, sand grains, and pebbles, and it often changes 
color on drying. It is cut by occasional limonite veins and it may be as 
thick as 60 feet or as thin as an inch or* two. The semi-flint clay is 
well-exposed in Ellis' adit (figs. 5, 6, 7, and 8). It usually'contains 
more than 20 jpercent avail able^AlgO^^and^ in. hole Q-6 (fig/7) .a 10-fo'qt .- 
thickness ran**39.7 percent available* Alg'bg. It is found botti in the* Molal­ 
la formation and in the No. I Terrace deposit, although the clay in the 
Molalla formation is generally higher grade. Petrographic studies by Mr. ! 
Victor T. Alien, U. S. Geological Survey, indicate that some of the clay

22/ Personal communication from. Mr. Herbert Harper.
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in the Molalla formation is a transported clay._23/ It was probably laid
.down on flood plains and in lakes associated with them. The clay in the
No.' I Terrace deposit had a somewhat similar origin.

Decomposed silt, sand, and gravel are also-common in the ore 
body. They are usually various shades and combinations of green and gray, 
although yellow and brown are not uncommon. Gray decomposed sand and 
gravel are generally found near the top 'of a decomposed bed. These often 
grade downward into greenish-gray and then into green decomposed sand and 
gravel. The latter in turn grade into green sand and gravel and finally 
into greenish sandstone or shale. These decomposed sediments are found 
both in the Molalla formation and in the No. I Terrace deposit. Those in 
the terrace deposit are- almost without exception yellow or brown. Every 
gradation from completely decomposed, through partially decomposed, to' 
undecomposed silt, sand, and gravel is present. Some of the gravels are so 
thoroughly altered that pebbles 3 to 4 inches in diameter can easily be cut 
with a knife. The decomposition is most complete near the top of an al-. 
tered bed; it decreases with increasing depth. The completely decomposed 
material may have as much as 35 percent available AlgOg; with decreasing 
decomposition there is a corresponding decrease in available AlgO^; and 
the gray decomposed material is usually higher grade than are the other 
colors. Some of the decomposed beds are more than 60 feet thick. As 
many as three superimposed horizons, consisting of decomposed silt, sand., 
and gravel, separated by clay, shale, sandstone, and other units, have 
been identified (fig. 6).' Their distribution and correlation is shown On 
figures 5, 6, 7, and 8.

This alteration might have resulted from hydrothermal solutions, 
from the movement of ground water, or from surface weathering. That it 
resulted from surface weathering is suggested by the following evidence:
(1) No indication of hydrothermal activity has been found in the area,
(2) The progressive decrease in degree of alteration with increasing dis­ 
tance from the top of the decomposed bed is suggestive of surface weather­ 
ing. (3) There is a progressive decrease in available AlgOs with in­ 
creasing distance from the top of the decomposed horizon. (4) The color 
changes from gray through green-gray and gray-green to green with increas­ 
ing depth, (5) It is difficult to account for several zones of altera-

,-tion. and for their'characteristics by the movement of ground water. These 
zones of alteration,'therefore, are tentatively considered in this report 
to be profiles of weathering. No soil zones were found at the top of the 
profiles. They may have been removed.at.the drill sites and elsewhere by 
erosion that might have immediately preceded the deposition of the sedi­ 
ments above the profiles. There is a good correlation of profiles from 
hole to hole (figs. 7 and 8). That it is not better is due to: (1) The 
difficulty of recognizing profiles in fine-grained sediments. (2) The 
destruction of profiles by erosion. (3) The presence in the lower Miocene 
of high ground water tables and other factors preventing their formation.

. (4)' The-presence of material -such as -quarts sarid..and .clay which-, cannot .be 
readily altered. " . ' ,

If the rate of weathering in the Molalla area during the Ipwer 
Miocene was somewhat similar to that during the interglacial stages of the 
Pleistocene in the Middle West, several hundred thousand years were nec-

_23/ Personal communication from Mr. Victor T. Alien, U.S. Geol. Survey.
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essary to form these successive superimposed weathering profiles.24/ They 
represent, therefore, long halts in deposition,,. This intermittent depo­ 
sition may have resulted from intermittent volcanic activity or from in- - 
termittent diastrophic movements. The presence of gibbsite in these pro­ 
files indicates that they were formed, in part at least, under a tropical 
or subtropical climate. The importance of lower Miocene residual weather­ 
ing in the formation of this deposit can be appreciated when it is real­ 
ized that approximately 50 percent of the ore shov.Ti in the columnar sec­ 
tions of figures 5 and 6 was formed in this way. These sediments were 
originally channel deposits. They are not excessively plastic. Some of 
this material which is classified as ore contains hard unweathered pebbles 
and solid cores of partially weathered pebbles,

Interbedded with the'breccia, clay, and weathered silt, sand, ; 
and gravel are shale, sandstone, conglomerate, minor amounts of wood, and 
unweathered silt, sand y and gravel. The Sandstone, shale, and conglom­ 
erate are usually green. Colloidal silica formed in the weathering pro- 
files may have been responsible for the lithification of these sedim.ents.j5/ 
The unweathered silts, sands, and gravels are usually gray, yellow, brown,, 
or green. .   -,

Stratigraphy '  
~>

The stratigraphy of the ore body and the distribution and thick­ 
ness of the ore and overburden are shown in figures 5, 6, 7, and 8. The 
deposit is composed of discontinuous lenses that are characteristic of 
fluvial deposits. It varies lithologically and chemically in both hori­ 
zontal and vertical directions. The horizontal variability is due to th3 
attitude of the beds', the lens-nature of the deposit, and to differential 
weathering and erosion. It is well-shown by a comparison of holes 5 and ' 
L-5 (fig. 5). Hole 5 contains 124 feet of high-alumina clay, whereas. L~5, 
which is at approximately the same elevation and only 650 feet away, con- '; 
tains only 28.5 feet. The ore varies in thickness because of differential 
deposition, erosion, arid, weathering. The greatest thickness measured 'was 
139 feet. In places the overburden is absent; elsewhere it may be scores 
of feet thick. .It consists mainly of silt, sand, gravel, breccia, shale, 
sandstone, conglomerate, and various kinds of low-grade clay, /,

Ore Bodies . . ~'

Based on lithology, stratigraphy, chemistry, location-, and on . 
the closeness of the drilling, the deposit is divided into four ore bodies.

f :.' 

'  " ; '^# *; *^ :

The North Ore body is bounded on the east by the Molalla river, ' : ;- 4r 
on the south by the South Ore body, and on the west and north by arbitrary  ?

.. .

.24 Charles Schuchert and Carl 0. Dunbar, Textbook of Geology, Part II,"
4th edi., John Wiley and Sons, Inc., New York City, pp. 426-429, 1941.

25/ Clarence S. Ross, Origin and Geometric form of Chalcedony-Filled
Spherulites from Oregon, American Mineralogist, Vol. 26, p. 732, 1941*
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boundaries controlled by the distribution of the holes (fig, 9). Litholo- 
gically it is differentiated from the South end Southwest Ore bodies by 
the presence of breccia which constitutes approximately 25 percent of the 
ore. It also contains, clay and weathered silt , sand, and gravel, and its 
average available Al ?0^ content is approximately equal to that of the 
South Ore body. It consists of as many as 3 clay horizons that are above 
a rather prominent bed'of shale (figs. 7 and 8).

The South Ore body is bounded on the west by the Southwest Ore 
body, on the north by the North Ore body, on the east by the Molalla 
river, and on the south by an area of considerable relief in part covered 
with Stayton lavas (figs. 1, 3, and 9). Lithologically it is character­ 
ized by the absence of breccia and by the presence of clay and weathered 
silt, sand, and gravel. It consists of one or two clay horizons, usually 
near the surface, and above a prominent bed of shale (figs, 7 and 8). Its
-available AlpOg content is somewhat lower than that of the other ore bod­ 
ies.

Tho Southwest Ore body is bounded on the south by the valley of 
Teasel Creek, on the west and"north by arbitrary boundaries controlled by 
the distribution of the holes, and on the east by the South Ore body (fig. 
10). Lithologically it is characterized by the absence of breccia, a 
great thickness of clay, and weathered silt, sand, and gravel. It con­ 
sists mainly of one massive clay horizon; the overburden is thin; its 
available AlgO^ content is higher than that of any other ore body; but 
it is not as closely drilled as the other ore bodies.

The Lower Ore body is found beneath a part of the North and 
South Ore bodies. Twelve holes have been drilled into it and the geology 
indicates that it is also present beneath 22 shallow holes which did not 
penetrate it (fig. 11). That part of this ore body for which reserves 
have been calculated lies above the 420-foot contour and below a promi- '/ 
nent bed of-shale. 'It is, therefore, low-lying, both stratigraphically 
and topographically. It contains clay and weathered silt, sand, and 
gravel, and is higher grade than either the ftorth or South Ore bodies. 
Locally it may contain 2 .clay horizons, but usually only one, which may 
be as much as 97 feet thick, (figs. 7 and 8). '

Geologic Factors Affecting Mining and Metallurgy

No attempt is made here to discuss thoroughly the mining and . "  - 
metallurgical problems, It does seem fitting, however, to consider brief  ; 
ly the geologic factors which are involved. ;

' -,'.'"'- ' '   . : "   -^!| 
It will be more difficult to mine'at llolalla during wet weather ̂ f 

than at either Castle Rock or Hobart Butte. This is due in part to the ' ,* 
fact that some of the Llolalla clay is very plastic and t enacious. No'great 
trouble should be experienced with the weathered and. unweathered silt, :; ; 
sand, and gravel or with the breccia, shale, and^sandstone because they are 
not excessively plastic.'" ' "   * '*. ' :"

Another difficulty in mining the Molalla deposit results from the 
horizontal and vertical variability. The horizontal variability is well- 
shown in fig. 8, section BB 1 , where analysis shows that shale, breccia,
 clay, and weathered silt, sand, and gravel will all be encountered on the 
470-foot level. The vertical variability is shown on figures 5 and 6. 
This lithologic variability with its resulting chemical variability will
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"necessitate selective mining. Moreover,, some of tho sediments that !con-y 
tain less than 20 percent available AlgO?» and are therefore not ore, (HH£ 
look much like those that contain more than 20 percent available AljjOjj'f.;;- 
and are therefore ore. Many of the large, low-grade fragments which are 
found in the breccia can be discarded during mining, However, if _the 
breccia is used for ore, the smaller, abundant hard rock, low-grade 
fragments may present a milling problem. As these low-grade fragments 
may constitute one-fourth of the total weight, their removal by screen­ 
ing would materially increase the grade of the breccia. Somo of the 
weathered gravels which aro classified as ore contain hard unweathered 
pebbles and solid cores of partially weathered pebbles. Their removal 
would also increase the grade of this material.

    RESERVES ' . ,   

Specific Gravity, Moisture, Analyses, and Grade ~   ;; "

Data on apparent specific- gravity were obtained for -both the 
overburden and ore. Seven determinations of the apparent specific gravity 
of the overburden were weighted on a basis of the footage that they repre­ 
sented. The resulting 1.62 figure was used as the specific gravity of 
the overburden for all of the ore bodies. Because there are many litho-\ 
logic, types in the overburden, it is obvious that it "was not-accurately . 
sampled. ; It' is unlikely, however, that the figure used for the specific 
gravity can differ from the true apparent specific gravity of the over­ 
burden, when removed during mining, by as much as 20 percent.

-Twenty-eight determinations of the apparent specific gravity of^ 
the ore were weighted on a basis of the.footage that they represented 
the 1.65 obtained was used «as the apparent specific gravity of thes ore 
all the ore bodies. The maximum variation of any determination, from 
average was 15 percent. All the important' litho logic'types wore 
so that it seems unlikely that the true apparent specific gravity of 
ore, at the time it was sampled, can differ from this figure by as much a: 
20 percent.   . ;.,: ,:_.. ;'£*

Data on the moisture content of the various ore bodies is found 
in the following table: -J

Moisture Data" ;

Ore Body Percent by V/eight

.Southwest 
Lower 
South 
North

32.$2, 35.84* 

35.97 
33.10

Number of Determinations

.We.igh£ed..aver:ige. of . 25 . 
'

21
89
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The maximum variation of the moisture content of any sampled 
interval from the accepted value for. its ore body is 33 percent. It 
does not seem likely that the figures used for moisture and specific 
gravity will together make an error .of 20 percent" in the dry weight of 
the ore. The weight of the ore as mined may be somewhat lower or higher 
than the calculated wet weight, depending upon ground water conditions 
at the time of mining.

The data on jivailable Alg03 and Fe 203 were used in calculating 
the grade of the ore body. "A "s.tudy of check .analyses indicates that the 
error in the determinations of available AI^O^, for some of the samples, 
may be as high as 20 percent," although it seems probable that for the 
samples p.3 a whole the error is very much less. In general, the length 
of core sampled f-or available AlgOg and Fe.gQg was between 2 and 10 feet, 
depending upon the homogeneity of the material. The core recovery was 
between 90 and 100 percent. The average calculated assay for each hole 
was determined by weighting the individual assays on a basis of the foot­ 
age they represented. The average grades for the various ore bodies were 
obtained from the weighted averages of the holes. The grades of the ore 
bodies are listed in table A.

Cut-offs . -

The following principles were used in making the cut-offs:
(1) Because of the position of the river it was assumed that the mining 
base will be close to the 420-foot contour. No material below this ele­ 
vation was therefore included in- the ore body (fig. 8, section FF f }. * .
(2) Material with 20 percent or more'available AlgOg was considered to 
be ore (figs. 5 and 6).  (3) If no assay for a footage interval within 
an ore body was obtained, it was assumed that the material in this inter­ 
val had 20 percent available AlgOg and 10 percent available FegOg. 
(4) Since wood is a minor constituent of these sediments, no material 
was discarded'because of its presence (figs. 5 and 6),. (5) Weathered 
porphyritic, vesicular, or amygdaloidal lavas, belonging to either the 
Stayton or pre-Molalla ? flows, were not included in the ore body. Only 
a small quantity of this type of material was found ("figs. 5, 6, 7 and 8). 
(6) It was assumed that the ore body would be mined selectively and that 
any bed thicker than 10 feet could either be selected or discarded. Mod­ 
erately low-grade intervals less than 10 feet thick within the ore body 
were included with it. However, if this low-grade material and the high- ' 
grade material above or below it did not average 20 percent or better, 
both the low-grade and high-grade material were discarded. (7) Very low- 
grade .intervals within the ore body that were somewhat less than 10 feet 
thick were discarded together with the footage below them necessary to 
make a 10-foot minable unit. If the ore added to the.very low-grade / 
material to make a minable unit was only a fraction of an assay interval, 
It was assumed* fhrtfc* tne"priJ?tr"*of'-tKis "iryterval* in eluded" wi*i>h "t*he"6r-e Bed: "    
-the same value as the whole of the assay interval. Very high-grade units 
within waste zones that were somewhat less than 10 feet thick were se­ 
lected together with the footage below them necessary to make a 10-foot 
minable unit. If the low-grade material added to the ore was.only a frac­ 
tion of an assay interval, it was assumed that it had the same value as 
the whole of- the interval. (8) If a check assay was available, it was 
averaged with the original assay to give the accepted value. (9) High---
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grade material having an overburden three or more times as thick as it­ 
self was not considered to be ore. (10) It was assumed that a different 
type of equipment would be used"for removing surface material .and that 

- units less than 10 feet could be accepted or rejected.

Area, Volume, Weight,' and Grade of the Ore Body

The perpendicular bisector method was used in calculating the 
volume, weight, and.grade of the Southwest, North, South, -and Lower 
(measured ore) Ore bodies, 26/ It was also used to calculate the volume 
and weight of the indicated ore in the Lower Ore body. No allowance for 
the slope of the working face was made. The grade of the indicated ore 
in the Lower Ore body was assumed to be equal to: the weighted average of 
the measured ore in the Lower Ore body.

The boundaries of the Southwest Ore body are:: (1} Arbitrary 
lines controlled by the distribution of the holes. .(2} The perpendicular 
.bisectors of lines dra'ton between certain adjacent holes. (3) The trace 
of topography and a plane half way between the medial plane and the top 
of the ore body. The boundaries of the South, North, and Lower Ore bodies 
are: (1) The perpendicular bisectors of lines drawn be-tween certain ad­ 
jacent holes. (2) Lines somewhat arbitrarily drawn that are controlled 
by the distribution of the holes. (3) The trace of the medial plane of 
the ore body and topography.

The fundamental assumption underlying the perpendicular bi­ 
sector method is that the ore body has continuity between holes. A study 
of the stratigraphy of the ore body and of the distance between holes 
indicates that this is justified. For purposes of calculation, the total 
thickness of the ore body is considered to extend to the trace of the 
medial plane of the ore body and topography. This is based on the assump­ 
tion that the wedge of ore below and outside of the medial line is equrl 
to the wedge of ore that was above and inside of the medial line but that 
has been eroded away. No great error is involved in this assumption be­ 
cause the slope that cuts the ore body is more or less regular. It is also 
assumed in the case of the Southwest Ore body that the total thickness of 
the ore extends to the trace of topography and a plane half way between 
,the medial plane and the top of the ore body. This is a conservative as­ 
sumption (fig. 10). If it was assumed, however, that the total thickness 
of the ore extended to' the trace of topography and the medial plane of the 
ore body, as was the case with the other ore bodies, an error would have 
been introduced as some of the ore would have been included within two '. / ; 
prisms of influence. Vv'

Although there are many errors involved in calculating volume, ̂ ;--^ 
it seems likely, however, that the calculated volumes for those ore bodies 
for which measured ore was estimated will not differ'from the true volumes 
by as much as 20 percent. ' - .

26/ Charles F. Jackson and J. H. Hedges, "Metal-Mining"Practice", Bull, 
419, U. S . Dept. Interior, Bureau of Mines, pp. 68-69, 1939.
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The areas, weights, and grades of the ore bodies are found in 
table A. _ .

i

Volume and Weight of the Overburden

The perpendicular bisector method was used to calculate the 
weight of the overburden. No allowance for the slope "of the working face 
was made. The thickness of the overburden-at any hole nay vary somewhat 
from that of the average overburden of its area of influence. This is 
due to topography, stratigraphy, and structure. The x variation is not 
great, however, and it is therefore assumed that the average overburden 
for any area of influence is equal to the thickness at the hole, 'The wet 
weight of the overburden is found in table A. '

Measured, Indicated, and Inferred Ore

Measured ore was calculated for the North and South Ore bodies 
and for a part of the'Lower Ore body. Twenty-seven holes were drilled in­ 
to the South Ore body, which has an area of 159 acres; thus there is one 
hole on the average for every 5.88 acres. Thirty-two holes were drilled" 
into the North Ore body; it has an area of 169 acres and one hole on the 
average for every 5.28 acres. Twelve holes were drilled into the Lower 
Ore body. That part of it for which measured ore was calculated has an ' 
area of 80 acres and one hole on the average for every 6,67 acres. These : 
ore bodies are considered to be 'closely drilled. The distribution, thick­ 
ness, and grade are therefore known within rather narrow limits, and it is 
thought that the error in estimating tonnage and grade is less than the 
20 percent that has been prescribed as the accuracy for measured ore. 

i _
Indicated ore was calculated for the Southwest Ore body and for 

part of the Lower Ore body. Eleven holes were drilled into the Southwest 
Ore body, which has a total area of 113 acres and one hole on the average . 
for every 10 acres. This ore body was not so closely drilled as those for 
which measured ore was calculated and its ore has therefore been classified 
as indicated. No holes were drilled into that part of the Lower Ore body 
for which indicated ore was calculated. It is nevertheless classified as ' 
indicated ore because this clay horizon was drilled in adjacent areas (and 
because the calculations were based on measurements and assays as well as 
on geologic interpretations.   :

V

High-alumina clay has been found approximately 3 miles southeast' 
of the "prospected area on the properties of Messrs. Joseph Zahar and Guy 
Dibble, on state highway 211 northwest of the prospected area, and else­ 
where. Because only a few hundred acres were prospected and because high- 
alumina clay has been found outside of the prospected area, it is likely 
that additional drilling will reveal great additional tonnages. These 
data, together with the general geologic picture, suggest that there may­ 
be 50 milXion we£. tons or. more of inferred ore- in the-Mo 1 alia dis.tr.ict.. ; . . . 
The high-alumina clay in the Molalla district' that *can be mined by surface 
methods has a limited distribution, however, as is indicated by the follow­ 
ing: (1) To the south, southeast, and southwest of the prospected area 
the relief increases and the Stayton lavas cover much of the area. (2) To 
the southwest the Molalla formation merges into the Butte Creek beds* (3) 
To the northeast and north the Molalla formation is buried by Boring lavas,
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(4) To the east of the Moldla river the topography has considerable re­ 
lief. . - .

The tonnages and grades of tho measured, indicated, and inferred 
ore are found in table A.

The-reserves calculated by the Portland Office of the U. S. 
Bureau of Mines differ somewhat from those given in the present report. 
This is due to: (l) Different cut-offs were used. (2) 'The boundaries 
of the ore bodies differ, (3) The U. S. Bureau of Mines did not consider 
the breccia to be ore,

'However, the difference in tonnage between the sum of th© meas- ' 
ured and indicated o.re as given in .this report and the sum of the measured, 
indicated, and "excluded upper clay" as calculated by the U. S. Bureau of 
Mines is only about 15 percent and the difference in grade -approximately 
5 percent. The reserves as calculated by the U. S. Bureau of Mines and 
the U. S. Geological Survey are therefore in substantial agreement, as the 
accuracy of measured ore is specified to be 20$ plus or minus.

Relation Between Cut-Offs,. Grades, and Tonnages

Figure 12 is a graph in which various grades are plotted against 
the number of assays, of the ore body and overburden, with these grades. 
It indicates that there is only a small tonnage of ore above 32 percent 
available AloO^ and that 20 or 22 percent available AlgOg makes a natural- 
cut-off. A 20-percent cut-off was used in the calculations, as indicated 
above, because, early in the high-alumina clay work, material above 20 
percent available Alg03 was defined as ore by the U. S. Bureau of Mines* 
engineers. From the"data shown in figure 12 and from the tonnages of ore 
and overburden obtained by the perpendicular bisector method with a 20- . 
percent cut-off,' grades and tonnages were calculated for various cut-offs 
running from 20 up to 32'percent available A1203. These calculations were 
based on the following simplifying assumptions: (1) The sample lengths .,. 
are all considered to be equal. (2) The aj?eas of influence are all equal., 
(3) The specific gravities of all of the overburden and ore are considered 
to be equal. (4) The moisture contents of the ore and overburden ore .. .-.. 
equal.' In other words it was assumed that all assays represent the same 
weight of material (table B). . ,- - ,'3^

That these assumptions result in an error for grade of only one i 
percent is shown by the fact that calculations based on them gave an aver-*$ 
age available A1 203 content for the whole of the ore body with a 20-percent 
cut-off of 26.44 percent, whereas, the value obtained by the perpendicular 
bisector method is 26.37 percent. The error for tonnage should be corres­ 
pondingly small. . -' '   4 , ;£ ^' :^; ;

  Table B shows'that if * the'cut-off at Moialla '"is'taken at 26 pe?-* ' 
cent, the grade of the ore body is 29.41 percent. There are 25,800,000 dry' 
tons of this material with an average overburden ration of <1.8 : 1. ' .«-. .



FIGURE 12

NUMERICAL DISTRIBUTION OF AVAIL. ALUMINA ASSAYS 

MOLALLA HIGH-ALUMINA CLAY DEPOSIT
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TABLE B

RELATIONSHIP BETWEEN CUT-OFFS, GRADES, TONNAGES, 
AND RATIOS OF THE THICKNESS OF OVERBURDEN 

TO ORE OF THE MOLALLA HIGH-ALUMINA 
CLAY DEPOSIT

Cut-Offs 
Avail. AloO'

Aver. Grade 
Avail.

Ore Dry 
Tons

Maximum 
Overburden 
wet tons

Maximum ,
Ratio overburden 
to ore thickness

20 - 26.44
by perpendicular
bisector method 26,37

22 2?;28
24- 28.32
26 29.41
28 30.53
30 31.77
32 33,44
34, 35.86
36 .38,0
38 39.7 
40

49,000,000

48; 59 2 ,000
42,500,000
34,200,000
25,800,000
17,600,000
9, 700; 000
3,050,000

470;000
140; 000
' 68,000

0

37,000,000

36; 893, 000
46; 800, 000
59,400,000
72,100,000
84,500,000
96;500,000

106; 6oo; ooo
110, 500; 000
ill; 100, ooo
111,100,000

"

,15 
,84 

3.17 
6.57 
23.1 
155 : 
524 : 

1,078 :

96
38

1
1
1
1
1

i
i
i
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CONCLUSIONS, ECONOMIC CONSIDERATIONS /AND RECOMMENDATIONS ,

v * 
Three high-alumina clay deposits in Western Oregon and Wash­ 

ington have been studied and drilled by the U. S. Geological Survey and 
the U. S. Bureau of Mines. These deposits are near Molalla, Oregon, at 
Hobart Butte^near Cottage Grove, Oregon, and near Castle Rock, Washing­ 
ton. The important features of the Molalla deposit, together with a 
comparison of it and the other two deposits, follow:

1. There are approximately 49,000,000 dry tons of measured 
and indicated ore. The reserves of measured and indicated ore at Castle 
Rock and at Hobart Butte are smaller;

. 2. The available Alg03 content is 26.37 percent. This is 
lower than at either Castle Rock or Hobart Butte.

3. The available Fe203 is 8.01 percent. This is higher than , 
at either Castle Rock or Hobart Butte.

4. 'Rough calculations indicate that there are at Molalla ap-    
proximately 26,000,000 dry tons of ore with an average grade of"29 per- ' . 
cent and an average overburden to ore ratio of less than 2 to 1.

' !
'  5. There may be 50,000, 000 vet tons of inferred ore. The inferred 

ore at Molalla is greater than that at either Castle Rock or Hobart Butte,

6. The moisture content is approximately 34 percent. This is 
considerably higher than at either Castle Rock or Hobart Butte. : -  

7. The ratio of the thickness of the overburden to that of the 
ore for the measured and indicated ore is 1:1.96. The ratio is somewhat ' 
better at Hobart Butte. It is not quite so good at Castle Rock. ; 5 V

8. The deposit is 3 miles from the branch line of the Southern:; 
Pacific railroad at Molalla. It is less than 50 miles by rail from the, V-" 
high-alumina clay plant at Salem, Oregon. The Castle Rock and Hobart.' » 
Butte deposits are more than 50 miles farther, from this plant than the 
Molalla deposit. . _  . ^ '^

 _ 9. The presence of unweathered rock fragments in the breccia ,-%  
and of partially weathered pebbles in some of the gravels may necessitate \ 
screening before grinding. - - , ' .. ^ fS;;

The areas immediately to the south and north of the Southwest v/ 
Pre body appear to offer the best possibilities for the development qfS; : ^j 
additional high-grade reserves. 7 ;. .;s 77 : ^:^r
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If high available Fe^O^ creates nc serious metallurgical prob­ 
lem the Southwest Ore bod> is the most promising as it has the highest 
-available AlgOj content and an excellent overburden to ore ratio. It 
was not drilled, however> as closely as th3 other ore bodies and ad­ 
ditional drilling should be carried out before mining.

Respectfully submitted,

Robert L. Nichols -
Field Geologist, High-Alumina Clay
U. S. Geological Survey

Eugene, Oregon 
April 1, 1944 ' '
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